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starch and is therefore often called “ani- 
|H mal starch.” Normally, from 3 to 7 per 
cent of the weight of the liver is glyco- 
gen. Some glycogen is also formed in 
the other tissues of the body, especially 

■ the muscles. The glycogen in the muscles 
H is used in the production of muscular 
H work, as is described in Chapter X. 

■ The glucose in A general blood 

i j circulation is continuously removed to* 
f nourish the various body tissues. To re- 
plenish the supply of glucose in the 
I blood the glycogen is gradually changed 
r back to glucose. This is then given out 
to the blood, as needed to keep the glu- 
| cose content approximately constant. 

! (The blood of cattle and sheep formally 
| has 0.30 to 0.70 parts of glucose per 
• 1,000 parts. That of swine and horses 
may be higher, and that of poultry has 

■ twice as much or more. 5 ) 

44. Digestion of cellulose and pen- 
tosans. — No enzymes produced by the 
pfggl digestive tract are able to digest cellu- 
Hfl J° se an< 3 pentosans, which form the cell 
Hlf walls of plants and make up a large part 
hH| of all roughages. However, these sub- 
stances are attacked by bacteria in the 
‘JjPH first three compartments of the stomach 
■B °f ruminants, in the caecum and colon 
of the horse, and to a lesser extent in the 
large intestine of other animals. The 
B B B | number of bacteria in the rumen con- 
tents is tremendous. Each ounce of the 
HHH contents may have trillions of bacteria. 
HHH These bacteria break down the cel- 

HHR lulose and pentosans into organic acids 

HHH (chiefly acetic acid) and possibly to a 

ralra small extent into simple sugars. In this 
■ process gases (principally carbon dioxide 
an ^ methane) are formed and heat is 

HH The organic acids serve as food to 

. H the animal, the same as sugars, but the 

■ gases are of no value. The heat produced 

■B is an entire waste, unless the animal 

H needs this heat to maintain its normal 

Wy.H body temperature. Recent studies show 

V?;HK that some absorption of soluble nutri- 

;:3»‘ ents, such as organic acids, can take 

B place from the stomach of ruminants, 

■' H but, most of the absorption is from the 

trimk small intestine. 


■i- 


The ability of livestock to use the 
fiber and pentosans in their feeds de- 
pends on this bacterial digestion. It is 
therefore of great importance in the nu- 
trition of cattle and sheep, and is the 
fundamental reason why they can live 
chiefly on roughage. Not only are the 
fibrous cell walls thus utilised for food, 
fbut also this digestion sets free the nu- 
trients contained inside the cells, so they 
can be more easily acted on by the di- 
gestive juices in the true stomach and 
in the intestines. The lignin in feeds is 
digested only to a very small extent. ( 11 ) 

Some digestion of protein into sim- 
pler compounds occurs in the bacterial 
action, the bacteria building the simpler 
compounds into protein in the bacterial 
cells. The bacteria are also able to use 
simple forms of nitrogen compounds, 
such as urea, in their growth, building 
them into protein. (128) Also, starch- # 
like complex carbohydrates may be 
formed in some of the bacterial cells. 

The bacteria and other microorgan- 
isms are mostly digested in the true 
stomach (abomasum) and the small in- 
testine, thus furnishing nutrients to the 
ruminant animal. In this manner a rumi- 
nant can use such a simple nitrogenous 
compound as urea to replace part of 
the protein in its food. (112) 

Investigations have shown that all 
of the B -complex vitamins are formed by 
the rumen bacteria in their growth and 
become available to the ruminant through 
the digestion of the bacteria. (208) 
Therefore the ruminant may need no 
B-complex vitamins in its food. 

Not only do the bacteria digest 
cellulose and pentosans, but also they 
may attack starch and sugar. This action 
is detrimental, for these nutrients would 
be digested more efficiently later on in 
the small intestine, while in the bac- 
terial digestion an appreciable part of 
their feeding value is lost through the 
heat and gases produced in the fermenta- 
tions. 

The fact that practically no ptyalin 
is present in the saliva of cattle and 
sheep is advantageous to them. If their 
saliva converted starch into sugar, much 
sugar would be formed in the rumen. 
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This would then be attacked by bacteria, 
with a resultant loss of nutrients. 

In addition to the digestion in the 
rumen caused by bacteria, more or less 
digestion is undoubtedly produced by 
the enzymes contained in some foods, 
such as the cereal grains, for the mois- 
ture and warjnth of the rumen are favor- 
able to enzyme action in general. Also| 
certain protozoa (microorganisms larger 
in size than bacteria) thrive in the food 
mass in the rumen and apparently aid 
in the digestive processes. 

Ruminants get rid of most of 
the gas produced in the fermentations 
through belching, though some is ab- 
sorbed into the blood and escapes by 
way of the lungs. Sometimes this belch- 
ing process does not occur normally, and 
bloat results, as is described later. (49) 
45. Studies on digestion in rumen. — 
Recently many scientists have conducted 
studies on the various factors that affect 
the efficiency of digestion in the rumen. 0 
Some of the experiments have been with 
a so-called “artificial rumen,' ” in which 
digestion occurs similar to that in the 
rumen of an animal. Other studies have 
been with animals operated on to make 
a permanent opening, or fistula, into the 
rumen. In still other experiments, the 
effects of various feeds or food additions 
have been determined in digestion trials 
with normal ruminants. 

These investigations have shown 
that the rumen bacteria have very spe- 
cific nutrient needs for their maximum 
development, just as the host animal it- 
self has definite nutrient requirements. 
A deficiency in the rumen contents of a 
nutrient which the bacteria need will 
decidedly decrease the bacterial growth 
and therefore lessen the digestion in 
the rumen. 

For example, a lack of protein or 
of a substitute simpler form of nitrogen, 
such as urea, will decrease digestion of 
cellulose. Similarly, digestion will be im- 
paired by a lack of essential minerals, 
including the trace minerals. As shown 
later, the chief need for cobalt by rumi- 
nants may be to make possible normal 
development of the rumen bacteria. 
(175) 



In experiments with the artificial^ 
rumen in which a purified culture solu- 
tion has been used, containing presum- 
ably adequate supplies of protein and 
minerals, the digestion of cellulose has 
been increased by the addition of several 
substances. These include rumen liquid 
from a normal animal, grass juice, alfalfa 
hay or alfalfa adk ' valeric acid and cer- 
tain other fatty sills, and partly digested 
protein. The nutrient requirements of 
the rumen bacteria therefore seem com- 
plex. Fortunately, their needs are readily 
met when rumiffants are fed ordinary * 
well-balanced rations that include good 
roughage. 

The experiments have shown that 
for satisfactory digestion of poor rough- 
age, such as ground corn cobs, straw, 
cottonseed hulls, or even very poor late- 
cut hay, adequate supplementation is 
needed with protein or another source 
of nitrogen, and with minerals, includ- 
ing perhaps trace minerals. The addition 
to such roughage of a small amount of 
high-quality roughage, such as good al- 
falfa hay, will generally increase rumen 
digestion greatly, through furnishing 
needed protein, trace minerals, or some 
unknown factor needed in the bacterial 
growth. 

On the other hand, when there is 
an adequate proportion of good rough- 
age in a properly balanced ration, no 
special supplementation is required to 
ensure efficient digestion. 

At birth, the rumen is developed 
but little, and there are few fiber-digest- 
ing bacteria. A very young calf can 
therefore make but little use of hay or 
other roughage until its rumen develops. 
Opinions differ as to whether there Is 
generally any benefit from inoculating 
young dairy calves with cuds from ma- 
ture cattle. (1123) Sometimes veterinari- 
ans use the transfer of rumen contents 
from a normal animal ■ in treating cases 
of severe indigestion in cattle. 

46. Digestion and absorption of 
protein. — The proteins of the food are 
first attacked in the stomach by pepsin, 
an enzyme of the gastric juice, which 
splits them into proteoses and peptones. 
These are soluble and simpler in com- 
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position than the proteins, but are still In the ease of suckling animak 0 r 

very complex in structure. others consuming milk, rennin, which is 

The proteoses and peptones, to- an enzyme in the gastric juice, is of to- 
gether with any protein that escapes ac- portance. This curdles milk, changing it 
tion by pepsin, pass into the small in- from a liquid to a solid, so that it can- 
testine. There trypsin, an enzyme in the not pass too rapidly through the stom- 
pancreatic juice, not only cleaves the ach and thus escape digestion, 
undigested protein Jgb proteoses and 47. Digestion and absorption of 

peptones, but also tfjMsts the proteoses fats.— The fats of foods undergo no ap- 
and peptones further,: splitting them into preciable digestion until they reach the 
amino acids, which Ire much simpler, small intestine. Here, through the aid of 
Through the action of trypsin and of the bile produced by the liver, the fat 



Longitudinal Section of Stomach of the Horse 

A, Esophagus, or gullet; b, esophageal region of stomach, in which no gastric juice is 
secreted; c, entrance of gullet; d, left extremity of stomach; e, boundary between esophageal 
region and portion of stomach secreting gastric juice; f, g, fundus gland region and pyloric 
gland region, in which gastric juice is secreted; h, pylorus, or ring of muscles closing the 
stomach; i, entrance of pancreatic and bile ducts. (From Sisson, “Anatomy of the Domestic 
Animals.”) . 

other enzymes in the pancreatic juice is emulsified, or broken up into very 
and the intestinal juice, practically all small droplets. Lipase, an enzyme in the 
the protein that can be digested is broken pancreatic juice, which is activated by 
down into amino acids. A little may be bile, then splits the fats into fatty acids 
left in the form of peptides, which are and glycerol. These are absorbed by the 
relatively simple combinations of two villi of the intestine. It is possible that 
or more amino acids. some unchanged fat may also be ab- 

The amino acids are soluble and are sorbed in emulsified form. In addition, 
readily absorbed by the villi of the walls small amounts of the fatty acids may 
of the small intestine. They then pass unite with the alkalies in the digestive 
into the blood and are carried to nourish fluids to form soaps, which are readily 
all parts of the body. Small amounts of absorbed. 

peptides may be absorbed in the same In the villi the fatty acids are re- 
manner. united with glycerol to form fat. The fat 
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is then carried chiefly in the lymph sys- 
tem to a vein near the heart, where it 
enters the blood circulation. (It is the 
opinion of some that in the process of 
absorption the fatty acids are converted 
into phospholipids, which are mostly 
changed to fat in the intestinal walls.) 
(14) 



48. Minerals; vitamins; water. — The 
mineral matter in feeds that is not al- 
ready soluble is dissolved to a greater 
or less extent by the hydrochloric acid in 
the gastic juice of the stomach. Further 
freeing of mineral nutrients occurs as 
the organic nutrients are digested by the 
several enzymes. Minerals are absorbed 
chiefly from the small intestine. 

Little is known about the manner in 
which the vitamins are digested and ab- 
sorbed. 

Water requires no digestion, and it 
is absorbed along the digestive tract, 
chiefly in the small intestine. 

49. Bloat. — Many studies have been 
carried on in an endeavor to determine 
the exact causes of bloat in ruminants 
and to find methods of preventing it. 7 
However, many problems concerning 
bloat are still only partly solved. 

Bloat results when the gases pro- 
duced in the fermentations occurring in 
the rumen do not escape normally, but 
accumulate, causing great distension of 
the rumen. In severe bloat, death fre- 
quently results, and even when the ani- 
mal does not die, production may be 
seriously reduced. 

Cattle are somewhat more apt to 
suffer from bloat than sheep, and ani- 
mals consuming a large amount of feed 
are more likely to bloat than those eat- 
ing less. For this reason dairy cows in 
milk are more subject to bloat than dry 
cows or heifers, and ewes nursing lambs 
bloat more frequently than other sheep. 

Legume pasture of certain kinds, 
especially before bloom, is most likely 
to cause bloat. Alfalfa and Ladino clover 
seem to cause more trouble than red, 
alsike, or sweet clover. Birdsfoot trefoil 
apparently does not cause bloat. Bloat 
rarely occurs on grass pasture, and there 
is usually little trouble on mixed legume- 
grass pasture if grass forms at least half 


7 

of the forage and if the stand of grass 
is even and uniform throughout the pas- 
ture. 

Pasturing a legume only after it has 
reached the blooming stage helps pre- 
vent the trouble. Bloat seems to be apt 
to occur when the growth of the legume 
has been very rapid during a period of 
warm, rainy wearier. 

If both stems and leaves of green 
alfalfa are eaten, bloat may not occur, 
while cattle grazing selectively and eat- 
ing only the tops and leaves have trouble. 

Although ther^*is unfortunately 
trouble from bloat on pastures contain- 
ing a large propostioj^of such legumes 
as alfalfa<and Ladino clover, the greater 
yield and higher feeding value of these 
pastures more than offset this disadvan- 
tage, if due care is taken to prevent 
bloat. 

It was previously thought that bloat 
was caused by an unusually rapid pro- 
duction of gas in the rumen, as a re- 
sult of eating a large amount of lush, 
readily-fermentable green forage. Recent 
studies indicate, however, that bloat- 
producing feeds do not necessarily pro- 
duce more gas. Bloat is caused by a fail- 
ure to get rid of the gas rapidly enough. 
Some of the gas normally produced in 
the rumen is absorbed into the blood 
and escapes by way of the lungs, but 
most of it is expelled by belching. 

Many cases of bloat are “frothy 
bloat,” in which the gas is in very small 
bubbles, which are entrapped in the 
rumen contents. Much of the gas can 
then not be expelled by belching. Some 
believe that such a bloat is caused by 
saponins, which are substances that can 
produce a soapy froth. 

The cause of death in bloat is not 
definitely known. The rise of pressure in 
the rumen is not apparently great enough 
to be the chief cause. Some believe that 
death may be due to the absorption of 
poisonous compounds produced in the 
rumen fermentation, or possibly to car- 
bon monoxide or hydrogen sulfide, poi- 
sonous gases, which may be formed in 
small amounts. 

It has been found that the juice of 
certain legumes, such as Ladino clover 
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or alfalfa, administered to cattle by strip of pasture each day. (377) They 
means of a stomach tube, can cause bloat then eat all the forage uniformly — grass 
and* also prevent muscular movements, and legumes, leaves and stems — instead 
such as produce belching. of grazing selectively and consuming too 

One theory of bloat prevention is much of the legume tops and leaves, 
based on the belief that belching, like Sometimes cattle or sheep bloat 

rumination, is initiated by stimulation of when fed alfalfa hay along with a heavy 
nerves in the rumen through irritation of allowance of such grain as barley or 
coarse feed. When an animal eats a large wheat. The trouble is more apt to oc- 
amount of soft, succulent legume forage, cur with very fine, leafy hay than when 
it may not be able to get rid of the gas die hay is coarser and stemmier. Such 
produced, because this soft forage does bloating, which is usually of the frothy 
not provide flag^**rSCessary stimulus to type, can generally be prevented by 
cause bel^hipg! It is thought that grasses feeding corn silage, beet-top silage, cot- 
do not cause bloat because the leaves tonseed hulls, or other palatable non- 
and stems are i^elrrltating^ stimulat- legume roughage, in addition to the al- 
ing to the nerves, thus resulting in falfa hay, or else by mixing corn, oats, 
belching. I or dried beet pulp with the barley or 

Another theory concerning, the ef- wheat. Bloat rarely occurs with cattle 
feet of coarse feed is that it greatly in- or sheep fed only alfalfa hay, without 
creases the secretion of saliva, and this grain. 

prevents the formation of froth in the In recent Mississippi trials bloat of 

rumen. Whatever the reason is, the con- cattle on legume pasture was greatly re- 
sumption of coarse, scratchy feed seems duced when a mixture of 800 milligrams 
to aid in preventing bloat of procaine penicillin per pound of salt 

• Keeping dairy cows off dangerous was supplied in a covered salt box, in- 
legume pasture at night and instead stead of ordinary salt. No other salt was 
feeding them plenty of coarse but pal- fed. 

atable hay, like Sudan hay, or very coarse In severe cases of bloat, prompt 

alfalfa, has prevented bloating. Feeding treatment is necessary. Sometimes vig- 

them straw at night was not effective, orous massaging of the left flank may 

because the cows ate but little of it and help, or tying a wooden bit in the 

were ravenous for the legume forage in mouth may give relief, as the animal will 

the morning. Allowing the stock to have champ its jaws in an effort to get rid of 

access to palatable hay in a rack or the bit, and this seems to stimulate belch- 

stack while on pasture will also help ing. Some recommend placing the animal 

prevent trouble. In a large pasture the with its front feet elevated. Adminis- 

hay rack should be in the center, so the tering a dose of 2 to 4 ounces of turpen- 

cattle have convenient access to it. tine to cattle suffering from bloat often 

Another method is to keep cows on gives relief. Care is necessary to avoid 

good grass pasture at night and graze getting the turpentine into the trachea, 

them on the legume pasture only during or windpipe. In the more severe cases, 

the daytime. Some have advocated keep- it may be necessary to get rid of the 

ing cows on the legume pasture day and gas by means of a stomach tube, or to 

night, when they are once accustomed tap the rumen and release the gas by 

to it. However, there is then danger means of a trocar, or even with a clean 

that bloat may occur during the night, knife, if a trocar is not available, 

and the animal may die before the TT tt X t -n 

trouble is noticed. 

In some New Zealand trials bloat 50. Metabolism. — Through pains- 

on legume-grass dairy pastures has been taking research, chemists and physiolo- 

largely prevented by strip grazing, or gists have been able to gain much in- 

rationed grazing, in which the cattle formation on the various steps in the 

are confined by electric fences to a new digestion of food. When the nutrients 
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leave the digestive tract and enter the 
body, the difficulties of learning what 
becomes of them are much greater. 

Though many of the changes that occur 
in the body have been revealed, only 
a little of a definite nature is yet known 
concerning other processes. 

Metabolism is the term used for all 
the changes which take place in the nu- 
trients after they are absorbed from the 
digestive tract. These changes include 
not only the building-up processes in 
which the absorbed nutrients are used in 
the formation or repair of body tissues. 



Diagram of Digestive System of Pig; Right Side 

The pancreas and duodenum are not in contact with the flank, as would be inferred 
from this figure, but are situated nearer the center of the body, and if viewed from the right 
side, would be covered by the small intestine. (From Sisson, “ Anatomy of the Domestic 
Animals.” ) 


parts of the body may be used for several 
purposes. First come the maintenance 
needs for the preservation of life. These 
are discussed in detail in Chapter VIII. 
The daily break-down of the protein 
tissues must be replaced by the amino 
acids resulting from the digestion of the 
protein of the food. Also, some of the 
nutrients must be oxidized to provide 
heat for maintaining the body tempera- 
ture and to furnish energy for the various 
necessary movements of the body. 

If more nutri«s^L3^ supplied than 
are needed merely tornat^rta ir^the body, 


but also the breaking-down processes in 
which nutrients are oxidized for the pro- 
duction of heat and work. 

51. Distribution and use of ab- 
sorbed nutrients. — We have seen that 
all the digested nutrients are absorbed 
chiefly by the villi of the small intestine 
and finally enter the blood circulation. 
The blood, containing these nutrients, 
reaches the capillaries in all the body 
tissues. Here the nutrients can pass 
through the capillary walls into the 
lymph that surrounds the body cells. The 
nutrients then enter the cells, providing 
nourishment and energy for the various 
life processes. 

The nutrients thus brought to all 


the following uses can be made of the 
excess nutrients: (1) They can be made 
into new body tissue, as in the case of 
growing and fattening animals; (2) they 
can be used in the development of the 
fetus in the case of a pregnant female, 
and for the formation of eggs in the case 
of birds; (3) they can be changed into 
milk, as in the case of dairy cows; or (4) 
they can be used for the production of 
muscular work, as in the case of work 
horses and mules. The uses of nutrients 
for each of these purposes are discussed 
in later chapters. 

The sugars serve as sources of heat 
and muscular energy and also as the 
chief source of the lactose (milk sugar) 
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in milk. They can also be changed into 
body fats. The organic acids produced 
in the rumen digestion of ruminants can 
be used somewhat like the sugars. The 
fats, like the sugars, can furnish heat 
and energy, and can form body fat and 
the fat in milk. 

If there is a greater supply of amino 
acids than is needed for body repair or 
for the building of new protein tissues, 
the nitrogen (in the form of ammonia) 
is split off in the liver from the amino 
acid mole^^^^xj^ is entirely 

wasted i^'S^ process, which is called 
deaminizi'^^, for it is converted into 
compounds wl^Tlu? excne^d in the 
urine. Also, th^re is some loss of energy 
in the nitrogenous waste products. The 
non-nitrogenous parts of the amino acids 
that remain can, however, be used in the 
body for the same purposes as the 
sugars. 

Even when the supply of protein in 
the food is scanty, a considerable wast- 
age of protein unavoidably occurs for 
some unknown reason, through the de- 
aminization of amino acids in the liver. 
Therefore, as is explained in Chapter 
VIII, more protein must be supplied in 
maintenance rations than is theoretically 
needed to replace the daily breakdown 
of the protein tissues of the body. 

It has been previously pointed out 
that most of the changes in the digestion 
of food are brought about by enzymes. 
It is now believed that most other body 
processes, both the building-up processes 
and the tearing-down processes, are like- 
wise brought about through enzyme ac- 
tion. 

52. Oxidation of nutrients in the 
body. — Nutrients are constantly being 
oxidized in the body tissues to provide 
the energy for all muscular movements 
and also to furnish heat to maintain the 
body temperature. These oxidations are 
produced in the following manner: 

In the lungs oxygen is absorbed 
from the air by the hemoglobin (the red- 
colored compound in the red blood 
cells) and is held in loose combination 
with it. The blood, carrying this oxygen, 
passes back to the heart and is then 
carried by the arteries to all parts of the 


body. In the capillaries the blood gives 
up oxygen to the body cells. 

Many investigations have been con- 
ducted by physiologists and biochemists 
to determine, if possible, the exact 
changes that take place in the oxidation 
of the various nutrients in the body. Con- 
siderable interesting information has 
been gained, and various theories have 
been advanced concerning the steps that 
occur. For a discussion of these theories 
the reader is referred to texts on physi- 
ology or biochemistry. 

For our purposes it is sufficient to 
state that by intricate processes the car- 
bohydrates, fats, and other nutrients can 
be oxidized in the tissues to produce en- 
ergy and heat. In these changes the car- 
bohydrates and fats are eventually oxi- 
dized completely to carbon dioxide and 
water. The carbon dioxide is absorbed 
by the blood and carried in the veins to 
the heart, and thence to the lungs. Here 
it passes off into the air in the lungs and 
is exhaled, the blood then becoming 
again charged with oxygen before it 
flows back to the various parts of the 
body. 

53. Functions of the liver. — The 
liver, which is the largest gland in the 
body and which secretes bile, has sev- 
eral important functions. The functions 
which have already been mentioned in 
this chapter are: The regulation of the 
glucose content of the blood through 
the formation of glycogen; the important 
part bile has in the digestion and absorp- 
tion of fat; and the deaminization of 
amino acids, in which nitrogen is split 
off in the form of ammonia. The liver 
also stores vitamin A. It synthesizes fatty 
acids from carbohydrates or protein, and 
is important in the use of fat for fuel 
in the body. The liver protects the body 
against various poisonous substances, 
formed in the digestive tract through 
putref action, by changing them into non- 
poisonous compounds. Among its other 
functions, it is an important agent in the 
destruction of worn-out blood cells, and 
in the formation of blood proteins. 

Besides its part in fat digestion, bile 
probably accelerates the action of the 
amylase of the pancreatic juice. It also 
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has a moderately laxative effect and aids 
in the passage of food through the intes- 
tine. 

54. Hormones, or internal secre- 
tions. — Physiologists have found by ex- 
tensive investigations that many of the 
body processes are controlled and regu- 
lated by substances called hormones , or 
internal secretions. These are produced 
by the glands of internal secretion, also 
called the endocrine glands, or the duct- 
less glands. 

The secretions of these glands are 
discharged directly into the blood, or 
perhaps indirectly by way of the lymph, 
and are not poured out through a 
duct, as in the case of the bile and the 
pancreatic juice. This is the reason why 
they are referred to as the ductless 
glands. The hormones are carried in the 
blood to the parts of the body where 
they perform their functions. The rela- 
tions of hormones to such body processes 
as reproduction, the development of the 
udder, and the secretion and ‘let down” 
of milk are explained in later chapters. 
Among the important hormones are the 
following: 

Insulin , a hormone produced by the 
pancreas, is necessary for proper carbo- 
hydrate metabolism in the body. With- 
out an adequate supply of this hormone, 
the ability of the body tissues to oxidize 
and utilize glucose is decreased. Also, the 
rate at which glucose is formed from 
glycogen and from fats and proteins is 
increased. As a result, the level of glu- 
cose in the blood rises, glucose is ex- 
creted in the urine, and there are other 
injurious effects. 

The discovery in 1921 of the im- 
portance of insulin in carbohydrate me- 
tabolism has been of untold benefit to 
persons suffering from diabetes. In dia- 
betes there is a lack of insulin, with re- 
sulting serious consequences. Hypoder- 
mic injections of a carefully purified and 
standardized solution of insulin now 
bring relief to a patient affected with 
the disease. 

A hormone, called secretin , which 
is produced by the lining of the small 
intestine, is important in the digestion 
of food. As soon as the acid, partly-di- 


gested food passes from the stomach into 
the small intestine, the acidity causes the 
mucous membrane of the small intestine 
to form secretin. This is absorbed by the 
blood and carried to the pancreas, where 
it causes this gland to pour out the pan- 
creatic juice just when it is needed. 

The thyroid gland , located in the 
neck, produces thyroxine , a hormone 
that regulates the rate of body metabo- 
lism. This hormone has been separated 
in pure form and found to be an iodine- 
containing amino ' pointed 

out in Chapter VI, when^lrAe is in- 
sufficient iodine in f the foocP cue gland 
enlarges j&Ta. desperafe^ffort to manu- 
facture enough thyroxine, and the dis- 
ease called goiter results. 

Thyroprotein, or iodinated casein, 
which contains thyroxine and other com- 
pounds that have a similar effect on body 
metabolism, is now made commercially 
by treating milk casein under carefully 
controlled conditions. Information is 
given in the chapters of Part III on the 
use of this product for dairy cows and 
other classes of stock. 

The parathyroid glands are very 
small glands, usually located close to the 
thyroid gland or imbedded in it. They 
secrete a hormone which controls the 
concentration of calcium in the blood. If 
for any reason the calcium content of 
the blood is too low, convulsions or pa- 
ralysis may be caused, as in milk fever of 
dairy cows. 

The pituitary , or hypophysis, a 
small gland at the base of the brain, has 
several essential functions. Hormones 
produced by the pituitary seem to stimu- 
late the other glands of internal secre- 
tion and thus regulate many body proc- 
esses. The pituitary is therefore often 
called the master gland of the body. A 
hormone produced by the anterior, or 
forward, part of the gland controls the 
growth and development of animals and 
therefore determines the mature body 
size. If the gland is too active, the body 
may be of giant size, and on the other 
hand an insufficiency of the hormone will 
dwarf the size. 

This part of the gland likewise pro- 
duces certain sex hormones and a hor- 





* 






DIGESTION, ABSORPTION, AND USE OF FOOD 33 


mone that is necessary to start milk se- 
cretion in the female. (298) It is also 
believed to be concerned with the ac- 
tivity of the thyroid gland and other 
glands. The posterior, or rear, portion 
of the gland secretes a hormone that 
stimulates the contraction of the smooth, 
or involuntary, muscles. This hormone 
causes the “let down” of milk in daisy 
cows. (1093) 

The adrenal glands, or suprarenals, 
which are two small glands located close 
to the kidnews, produce various hor- 
mones. helps to keep the 

glucose i A iofent of the blood constant by 
regulating'#^mt^trt^hich^riycogen is 
changed into **lucose. Another hormone 
produced by t^ie adrenal glands seems 
to be necessary for lactation; a third, 
for controlling the concentration of water 
and mineral salts in the blood and tis- 
sues; and a fourth for increasing blood 
pressure in times of emergency. 

The sex glands secrete hormones 
that have important functions. Thus, as 
is explained in Chapter X, hormones 
produced by the ovaries are necessary 
for the growth and development of the 
mammary glands. 

Synthetic compounds have been 
made that have some of the properties 
of natural sex hormones. Recently, there 
has been much interest in the use of 
certain of these compounds in the com- 
mercial fattening of poultry, beef cattle, 
and sheep. The use for this purpose of 
diethylstilbestrol (commonly called stil- 
bestrol) and of other hormones is dis- 
cussed in the chapters dealing with these 
classes of stock. 

Recent investigations have shown 
that certain hormones naturally present 
in some feeds may affect livestock pro- 
duction. 8 These studies have indicated 
that the favorable effects of young, ac- 
tively-growing pasture on milk produc- 
tion and growth may be partly due to 
hormones the plants contain. At late 
stages of growth such effects were not 
found. In other experiments certain lots 
of alfalfa hay, clover hay, and soybean 
oil meal had a favorable hormone-like 
effect. 

In one case a hormone naturally 
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present in plants has a very injurious 
effect. Serious breeding troubles have 
been caused in Australia in sheep grazing 
on pasture containing chiefly subterra- 
nean clover, with little grass in the mix- 
ture. (483) 

55. Disposal of body waste. — The 
undigested food and certain waste prod- 
ucts accumulate in the rear part of the 
large intestine in the form of a more or 
less solid residue. This is expelled as the 
feces. The feces of farm animals consist 
chiefly of undigested food that has never 
really been within the body proper. This 
undigested food is mostly cellulose and 
lignin. Also, a portion of the other nu- 
trients usually escapes digestion. This 
may be due to insufficient chewing of 
such food as seeds, or because some nu- 
trients are protected from the digestive 
juices through being enclosed in re- 
sistant cell walls. 

In addition to undigested food the 
feces also contain residues from the di- 
gestive fluids, waste mineral matter, 
worn-out cells from the intestinal lining, 
mucus, and bacteria. They may also con- 
tain such foreign matter as dirt con- 
sumed along with the food. In the case 
of man and of such animals as dogs and 
cats, the greater part of the feces con- 
sists of excretory products, rather than 
undigested food. 

Nearly all of the nitrogenous waste, 
resulting from the break-down of pro- 
tein material in the body, is excreted in 
the urine through the kidneys, though a 
trace is given off in the sweat and a 
more appreciable amount in the feces. In 
mammals this waste chiefly takes the 
form of urea, while in birds it is excreted 
chiefly as uric acid. 

A great variety of other end-prod- 
ucts of metabolism are likewise elimi- 
nated by the kidneys through the urine. 
Some of the mineral matter is excreted 
in the urine. However, calcium, mag- 
nesium, iron, and phosphorus are voided 
chiefly in the feces. Small amounts of 
most of the substances eliminated in the 
urine are also excreted by the skin 
through the sweat glands. 

A large amount of carbon dioxide 
is formed in the oxidation of the nutri- 


34 


FEEDS AND FEEDING 


I 


I 


ents within the body for the production 
of heat and energy. Most of this passes 
into the capillaries and is carried in the 
blood by the veins to the lungs, where 
it is eliminated in breathing. A portion, 
however, escapes by way of the skin. 
Some of the methane produced by fer- 
mentations in the stomach of herbivora 
is absorbed into the blood and thrown 
out by the lungs. 

56, Importance of quiet, kindness, 
and regularity. — Farm animals are crea- 
tures of habit, and when once accus- 
tomed to a certain routine, they show 
unrest at any decided change. The stable 
or feed lot should therefore be free 
from disturbance. The good stockman 
is kind to his animals and they trust him, 
but stock may fear a rough or careless 
person. 

Feed and water should be supplied 
regularly, and large changes should be 
made gradually. Animals know when 
meal time has come, and they fret if 
feeding is delayed. Investigations with 
human beings have shown that worry 
and excitement cause a definite decrease 
in the completeness with which foods are 
digested. It is reasonable to believe that 
the same is true in the case of farm ani- 
mals. At least, there is no question but 
that unusual excitement may seriously 
cut down the milk production of dairy 
cows and reduce the gains of fattening 
stock. 

57. Importance of palatability. — 
The palatability of feeds is a factor of 
no small importance in the efficient feed- 
ing of stock. It seems possible that well- 
liked feeds are digested somewhat better 
than those which are equally nutritious, 
but less palatable. 

From an entirely different stand- 
point, palatability is of great importance 
in feeding animals for large production. 
Unless the ration is palatable, dairy cows 
or fattening stock will not eat enough 
feed to permit them to produce milk or 
meat economically. Feeds which are un- 
palatable should therefore be used 
chiefly for stock not being fed for pro- 
duction. For example, idle horses can 
be wintered largely on straw or on hay 


of rather poor quality. If a limited 
amount of unpalatable feed is mixed 
with some well-liked ingredient, stock 
will often eat the entire mixture readily. 

Familiarity and habit are important 
factors concerned with the palatability 
of feeds. Not infrequently, when corn 
silage is first placed before cows, after 
sniffing it they will let it alone for a time, 
iffiey then usually begin nibbling at it, 
and later eat it with great relish. In such 
cases, food that at first seems unpalatable 
finally becomes palatable. Sometimes 
animals which are u§wK^^|ow corn 
will at first refuse white (fyV or vice 
versa. If th^y . i' to whole 

grain, it fSay take them^r little time to 
become used to ground {grain. 

Sometimes the failuie of animals to 
continue to eat a normal amount of feed 
may indicate a serious nutritive defi- 
ciency. For example, if thrifty pigs are 
fed a ration made up of palatable feeds,' 
but which is deficient in vitamin A or in 
certain minerals, they may eat normal 
amounts of food for a time and make 
satisfactory gains. Then, when the body 
reserves of the lacking nutrient are ex- 
hausted, they will usually consume much 
less feed, due to an impairment of their 
health and a consequent lack of appetite. 
Provided that the deficiency is not con- 
tinued so long that the pigs are injured 
permanently, they will usually recover 
their appetites, if some feed is added 
which supplies the nutritive lack and 
makes the ration complete. 

Usually feeds that are palatable are 
safe and nutritious. However, in rare in- 
stances this may not be true. For ex- 
ample, sorghum which has been stunted 
by drouth may contain sufficient prus- 
sic acid to kill stock in a few minutes, 
and yet it will be palatable and will be 
consumed with eagerness. However, 
stock generally avoid poisonous plants 
instinctively and eat them only when im- 
pelled by hunger. 

QUESTIONS 

1. Define digestion . What is the nature of 

the changes produced in food during 
digestion? 

2. Define enzymes . Describe a typical en- 

zyme action. 
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3. Describe the digestive tract of cattle and 

compare it with that of pigs and of 
horses. 

4. ^tate the essential facts concerning the 

circulation of the blood; of the lymph. 

5. What are the villi of the small intestine 

and what is their function? 

6. Of what importance is thorough mastica- 

tion of the food? 

7. Describe briefly the process of rumina- 

tion. 

8. Describe the digestion and absorption of 

carbohydrates in non-ruminants. State 
the enzymes or agents concerned, the 
pla^Nvh^ft digestion takes place, the 
sufl^ces acted on, and the products 

9. Discmss^tS&^jrma^ of 

glycogen.^ 

10. Describe th> digestion of cellulose and 

pentosans iby ruminants and by horses. 
Follow the same outline as for carbo- 
hydrates, above. 

11. What defieiences in the food may de- 

crease digestion in the rumen? 

12. Describe the digestion and absorption of 

protein, following the same outline. 

13. Describe the digestion and absorption of 

fats, following the same outline. 

14. What can be said concerning the diges- 

tion of minerals? 

15. Summarize the information on the cause 

of bloat and ways in which it may be 
prevented. 

16. Define metabolism. 

17. How are the absorbed nutrients distrib- 

uted to the body tissues? 

18. What functions are performed by the 

absorbed sugars; the fats; the amino 
acids? 

19. Describe the oxidation of nutrients in the 

body. 

20. What are the functions of the liver? 

21. Give an illustration of the action of a 

hormone. 

22. Describe the disposal of the various 

waste products of the body. 

23. Discuss the importance of quiet, kind- 

ness, and regularity in stock feeding. 

24. Of what importance is the palatability of 

feeds? 
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I. Determining the Relative 
Values of Feeds 

58. Methods of measuring the val- 
ues of computing balanced ra- 

tions fo^J^estock we must know the 
amounts* ^i^nutrients ^furnished by the 
various availaBie feedsVAJsoT^n order to 
plan an efficient cropping system on a 
stock farm, w must have accurate in- 
formation concerning the actual feeding 
value of the various crops that can be 
grown. 

The simplest method of measuring 
the value of any feed is to determine 
the amounts of digestible nutrients that 
it supplies. This method is explained first 
in this chapter. A method that is theoret- 
ically more accurate, but which is much 
more complicated and expensive, is to 
determine the amount of net energy sup- 
plied by the feed. This method is dis- 
cussed later. (68-73) 

Neither of these t chemical methods 
takes into consideration all the factors 
which determine the true value of any 
feed for a particular class of livestock. 
The only way in which this can be done 
is to conduct actual feeding experiments 
under practical conditions with this class 
of stock. In these tests the relative value 
of the particular feed can be found, in 
comparison with that of a standard feed- 
ing stuff. 

The American experiment stations 
have conducted many hundreds of such 
feeding experiments to determine the 
actual values of the most common feeds 
and of different rations for the various 
classes of farm animals. It is of great 
financial importance to stock farmers to 
have definite information readily avail- 
able concerning the value of the various 
feeds for each class of animals. The au- 
thor has therefore spent much time in 
compiling the results of these numerous 
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experiments in order to draw reliable 
conclusions concerning the relative val- 
ues of the different feeds. 

A single experiment, no matter how 
carefully planned and conducted, does 
not give reliable information about the 
relative value of different feeds or ra- 
tions. This is because various lots of 
any feed may differ appreciably in com- 
position, as is emphasized in Chapter 
IV. Also, individual animals differ in 
productive capacity. To draw safe con- 
clusions concerning the value of any 
feed, it is therefore necessary to study 
and analyze carefully all the available 
information. 

In Part II of this volume detailed 
information is given about the useful- 
ness and value of all of the important 
feeds for each of the classes of livestock. 
Wherever data are available, definite 
statements are made concerning the rela- 
tive value of each feed, based on the re- 
sults of actual feeding experiments that 
have been conducted under practical 
conditions. 

59. Value of a feed may differ for 
various animals. — In the discussions of 
the various feeds in Part II, it will be 
noted that in several instances the actual 
value of a particular feed for two classes 
of stock may differ considerably. For ex- 
ample, a ton of good corn silage is worth 
33 to 40 per cent as much as a ton of 
legume or mixed hay for dairy cows. 
For fattening cattle and lambs silage has 
a higher value, being worth fully one- 
half as much per ton as good hay. 

Similarly, ground barley is about 
equal to ground com for dairy cows, but 
for swine or for fattening cattle or lambs 
its relative value is appreciably lower. 
Also, barley injured by the scab disease 
is satisfactory for cattle and sheep, but 
it is unsuited to horses and pigs. 

Another interesting example is the 
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fact that cottonseed meal of the usual a particular feed for any class of stock 
kind can be fed safely to cattle in large is determined by means of digestion ex- 
amounts, if plenty of vitamins and min- periments with that kind of animal. JChe 
erals are provided. On the other hand, chemist first finds by analysis the per- 
pigs should be fed only limited amounts centage of each nutrient the feed con- 
of such cottonseed meal, or disastrous tains. The animal is then fed weighed 
results may follow. Again, uncooked field quantities of the feed for a preliminary 
beans give satisfactory results when period of a few days, so that all residues 
forming not too large a part of the ration of' former feed may pass out of the di- 
for dairy cows, beef cattle, and sheep, gestive tract. 

but pigs do poorly on beans unless they During the digestion experiment the 

are cooked. same amount of the feed is given to the 



A Steer in a Digestion Stall 


In digestion trials the feces may be collected in, several ways. A common method is by 
means of the harness and rubber duct here shown. When it is merely desired to determine the 
digestibility of a feed, the urine need not be collected, as is being done in this trial. ( From 
Pennsylvania Station. ) 


Such differences as these may not 
be shown at all by determinations of the 
amounts of digestible nutrients or of net 
energy in a feed. They can be revealed 
only by actual experiments with the par- 
ticular kind of animal in question. These 
examples show that in order to feed any 
class of stock most efficiently one must 
not only consider the amounts of nutri- 
ents supplied by various feeds, but also 
must know the results that are actually 
produced when these feeds are fed to 
that class of stock. 

60. Digestion experiments and di- 
gestion coefficients. — The digestibility of 


animal each day. The feces are carefully 
collected and weighed, and samples are 
analyzed. The differences between the 
amount of each nutrient fed daily and 
the amount found in the feces is the 
amount of the nutrient that is digested. 
From this information, there is computed 
the percentage of each nutrient which is 
digested from the feed. 

The percentage of each nutrient di- 
gested in a feed is called the digestion 
coefficient for that nutrient in the feed. 

To show how the digestibility of a 
feed is determined, let us suppose that 
during a 10-day digestion experiment, a 
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5 cow was fed 20 lbs. of clover hay each 
day, containing 13.26 per cent of pro- 
tein This amount of the hay would 
therefore contain 2.65 lbs. of protein. Dur- 
ing the experiment the cow excreted, on 
the average, 47.3 lbs. of feces daily, 
which contained 2.32 per cent protein, or 
a total of 1.10 lbs. of protein, 

. Subtracting 1.10 lbs. (the amount 
of protein in the feces) from 2.65 lbs. 
(the amount of protein in the 20 lbs. of 
hay fed daily), we find that 1.55 lbs. of 
, protein w^re * digested. Next, we divide 
1.55 lb^.iw *2.65 lbs. and multiply the 
quotient* f j^lOO, to fiiid^the digestion 
coefficient for^rotein in the hay, or the 
percentage of the protein digested. This 
is 58.5 per cent. The digestion coeffi- 
cients for the fat, fiber, and nitrogen-free 
extract in the feed are found in a simi- 
lar manner. 

In the case of feeds for which no 
digestibility data are available, Schneider 
and associates have developed formulas 
for estimating digestion coefficients of 
various classes of feeds from the chemi- 
cal composition of the particular feed. 1 

61. Determining digestibility by 
difference. — Some feeds cannot be fed 
alone, as was done in this experiment. 
Thus, horses and ruminants are not fed 
concentrates alone, without hay or other 
roughage. Again, while pigs may be fed 
on grain only, such feeds as tankage and 
linseed meal are too rich in protein to be 
fed alone. The digestibijjty of such feeds 
must therefore be fourifl by difference, 
instead of directly. 

For example, in an experiment to 
determine the digestibility of oats for 
sheep, a sheep is first fed hay for several 
days, and the digestibility of the hay 
found. Then oats are added to the ra- 
tion, and the total amounts of nutrients 
are determined that are digested from 
the combination of oats and hay. The 
amounts of digestible nutrients coming 
from the hay are then subtracted from 
the total, leaving the amounts which are 
assumed to be digested from the oats. 

62. Digestion coefficients in Appen- 
dix Table I.— Individual animals of the 
same species vary somewhat in their 




ability to digest any given feed. It is 
therefore essential, in computing the di- 
gestible nutrients in feeds as a guide for 
stock feeding, to use average digestion 
coefficients that are based on all repre- 
sentative digestion trials which have 
been conducted. 

The author has made for this edi- 
tion of Feeds and Feeding a new com- 
pilation of the digestion coefficients for 
the various feeds that have been deter- 
mined in the many trials by the Ameri- 
can experiment stations. The average di- 
gestion coefficients are presented on the 
right-hand pages of Appendix Table I. 

In the case of feeds for which Amer- 
ican data are not available or are very 
limited, digestion coefficients obtained 
in experiments in other countries have 
been included. Especially useful in such 
cases has been the extensive compilation 
made by Schneider of digestion coeffi- 
cients obtained in experiments in various 
countries. 2 

It will be noted, on inspecting the 
digestion coefficients for various feeds 
given in Appendix Table I, that feeds 
which contain but little fiber, such as 
corn and wheat, are highly digestible. 
This is because the cell walls are thin 
and are easily penetrated by the digestive 
juices. The more fiber a feed contains, 
generally the thicker and more resistant 
are the cell walls, and consequently the 
lower is the digestibility of the feed. 
Thus, oats and bran are somewhat less 
digestible than corn and wheat, and the 
roughages have considerably lower di- 
gestion coefficients. 

It is pointed out in Chapter XIII 
that young pasture forage is much more 
digestible than the same plants at later 
stages of growth. (358) The difference 
is especially great when the plants be- 
come mature and is still greater if the 
mature plants are weathered by ex- 
posure. This difference in digestibility 
as plants grow older is due to a consider- 
able extent to increase in lignin, which 
is nearly indigestible, even by ruminants. 

The nitrogen-free extract in the 
cereal grains and in most other high- 
grade concentrates is considerably more 
digestible than the fiber. On the other 
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hand, in such roughages as the grasses 
and corn or sorghum forage, the fiber 
may be more digestible than the nitro- 
gen-free extract. This is probably be- 
cause these roughages have considerable 
lignin, and much of the lignin, though 
mostly indigestible, is unfortunately in- 
cluded in the nitrogen-free extract in the 
usual method of feed analysis. Infor- 
mation about the digestibility of various 
feeds is given in the detailed discussions 
about the individual feeds in Part II. 

As has been explained in the pre- 
vious chapter, cattle and sheep digest 
feeds high in fiber more completely than 
do horses and swine. In spite of this dif- 
ference, the digestion coefficients ob- 
tained in tests with cattle and sheep are 
commonly used in computing rations for 
horses and swine, because only a few 
digestion trials have been carried on with 
the latter animals. However, no error of 
importance is involved in this, for the 
recommendations in modern feeding 
standards take this fact into considera- 
tion. 

63. Digestible protein; total digest- 
ible nutrients.— To find the percentages 
of digestible nutrients in any feeding 
stuff, the percentage of each nutrient is 
multipled by the digestion coefficient for 
that nutrient. For example, dent corn of 
U.S. Grade No. 1 contains 8.9 per cent 
of protein (See Appendix Table I), of 
which 77 per cent is digestible. There- 
fore the percentage of digestible protein 
is 6.9. In this manner the data have 
been computed which are given in the 
second and third columns of figures in 
Appendix Table I. 

Since protein has special functions 
in the body which can be performed by 
none of the other nutrients, the percent- 
ages of digestible protein are shown sep- 
arately in the second column. Next are 
given the percentages of total digestible 
nutrients in the various feeds. 

The total digestible nutrients is the 
sum of all the digestible organic nu- 
trients — protein, fiber, nitrogen-free ex- 
tract, and fat (the latter being multiplied 
by 2.25, because its energy value for 
animals is approximately 2.25 times that 
of protein or carbohydrates). The abbre- 


viation T.D.N. is often used for total di- 
gestible nutrients. 

The percentages of total diges&ble 
nutrients therefore represent the approxi- 
mate heat or energy value of the feed. 
The digestible protein is included in 
this total, since protein serves as a source 
of heat and energy when more is pro- 
vided than is required to meet the pro- „ 
tein needs of the body. 

An inspection of Appendix Table I 
will show the wide differences there are 
in the amounts of digesting protein 
and of total digestible nutrias in the 
various feeds. The cereal A rains and 
other seeds ■^fe’Tich in flfSi digestible 
nutrients, as are also the by-product 
feeds that are low in fiber. At a hay 
stage, grasses and legumes have much 
smaller amounts of total digestible nu- 
trients than the grains and other con- 
centrates, and the straws are especially 
low. 

On the dry basis, young grass or 
legume pasture may supply nearly as 
much total digestible nutrients as some 
concentrates. For example, young mixed 
grass and legume pasture from a fertile, 
well-grazed field may contain 70 per cent 
total digestible nutrients in the dry mat- 
ter, in comparison with 80 per cent or 
more in the dry matter of a good con- 
centrate mixture. 

A few feeds, such as flaxseed, which 
are unusually rich in fat, supply more 
than 100 lbs. of total digestible nu- 
trients per 100 lbs. of the feed. This is 
due to the fact that digestible fat is mul- 
tiplied by 2.25 when it is included in 
the sum, “total digestible nutrients." For 
example, the high figure of 108.3 per 
cent of total digestible nutrients for flax- 
seed means that 100 lbs. of flaxseed 
furnish as much heat or energy as would 
be supplied by 108.3 lbs. of digestible 
starch. 

64. Other methods; digestible energy.— 
Methods have been recently proposed for re- 
ducing the chemical determinations needed 
to find in a digestion trial the amount of to- 
tal digestible nutrients in a feed or ration. 
One method, proposed by Lofgreen, 3 is based 
on determining only the water, mineral mat- 
ter, and fat in the feed, and the water and 
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mineral matter in the feces. The digestibility 
of the total organic matter is first calculated, 
hncyhis is then multiplied by a factor based 
on the percentage of fat in the feed, to give 
the estimated percentage of total digestible 
nutrients. This method gave results which 
agreed well with those determined by the 
standard method. A somewhat similar meth- 
od has been proposed by Reid. 4 

Instead of using total digestible nutri- 
ents in valuing feeds and computing rations, 
digestible energy can be used. 5 This can be 
determined by burning samples of the feed 
and of the feces in a bomb calorimeter. The 
method is^not in general use. 

Totat digestible nutrients can be calcu- 
lated from the content oi^digestible energy, 
and digestible energy from the content of to- 
tal digestible nutrients. The approximate en- 
ergy value of 1.0 lb. of total digestible nu- 
trients has commonly been assumed to be 
1,814 Calories. However, according to stud- 
ies of Schneider and associates of the Wash- 
ington Station, the value of 1,987 Calories 
per pound, or 4,38 Calories per gram, of 
total digestible nutrients is more accurate. 6 

65. Nutritive ratio. — As protein 
serves special uses in the body, in dis- 
cussions of feeding stuffs and rations the 
term nutritive ratio is employed to show 
the proportion of digestible protein. 

By nutritive ratio is meant the ratio, 
or proportion, between the digestible 
protein and the digestible non-nitroge- 
nous nutrients (including fat multiplied 
by 2.25). 

When the percentage of total di- 
gestible nutrients is given, as in Appen- 
dix Table I, the nutritive ratio is com- 
puted as follows: The percentage of 
digestible protein is subtracted from the 
percentage of total digestible nutrients 
to obtain the percentage of digestible 
non-nitrogenous nutrients. This remain- 
der is divided by the digestible protein, 
the quotient being the second term of the 
ratio. 

The manner of computing the nu- 
tritive ratio of Grade No. 1 dent com is 
as follows: 


Total dig. 
nutrients 

Per cent 
81.9 


Dig. protein 
Per cent 


Dig. non- 
nitrogenous 
nutrients 
Per cent 
75.0 


Dig. non- Dig. protein Second factor 
nitrogenous Per cent of nutritive 
nutrients ratio 

Per cent 

75.0 + 6.9 = 10.9 

Nutritive ratios are expressed with 
the colon. The nutritive ratio of dent 
corn is therefore 1 : 10.9 (read as 1 to 
10.9). This means that for each pound 
of digestible protein in corn there are 

10.9 lbs. of digestible non-nitrogenous 
nutrients, including fat multiplied by 
2.25. 

A feed or ration having much pro- 
tein in proportion to the non-nitrogenous 
nutrients is said to have a narrow nutri- 
tive ratio; if the reverse, it has a wide 
nutritive ratio. Oat straw has the ex- 
tremely wide nutritive ratio of 1 : 62.9, 
because of its low content of digestible 
protein compared with the carbohydrates 
and fat. Oat grain has the medium one 
of 1 : 6.5, and protein-rich soybean oil 
meal the very narrow ratio of 1 : 1.1, 
the digestible non-nitrogenous nutrients 
being less than twice the digestible pro- 
tein. 

Another method of computing the 
nutritive ratio, which is even simpler 
than the preceding, is as follows: Divide 
the percentage of total digestible nu- 
trients by the percentage of digestible 
protein , and subtract 1.0 from the quo- 
tient. The result will be the second term 
of the nutritive ratio. For example, the 
nutritive ratio of Grade No. 1 dent corn 
is found as follows: 

Total dig. 

nutrients Dig. protein 
Per cent Per cent 

81.9 H- 6.9 = 11.9 

Second factor 
of nutritive 
ratio 

11.9 - 1.0 = 10.9 

66. Determining digestibility by other 
methods. — There has been much interest re- 
cently among animal nutrition scientists in 
methods of reducing the cost and time re- 
quired in digestion experiments by the use 
of methods in which the feces are not col- 
lected and weighed but are merely sampled 
and analyzed. 

One method is to determine the lignin 
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content of the forage or ration and the lignin 
content of the feces. In this method it is as- 
sumed that lignin is not digested to any ap- 
preciable extent, even by ruminants, and that 
therefore all the lignin in the feed eaten will 
be in the feces. The digestibility of the vari- 
ous nutrients can then be determined from 
the percentage of lignin and of the nutrient 
in the feed and the percentage of each in tire 
feces. Although it has been found that a 
small percentage of the lignin in some feeds 
may be digested by a ruminant, an average 
correction can be made for this. 7 > 

In some experiments in which the lignin 
method has been compared with the stand- 
ard method, the results have agreed well, but 
in others the lignin method has been less 

satisfactory. 8 . _ , 

In another method carefully weighed 
amounts of chromic oxide, an inert, indigesti- 
ble compound, are administered to the ani- 
mal each day, and the amount in the feces 
determined. 0 

Reid of the New York (Cornell) Station 
has developed a method of using a naturally 
occurring plant pigment, or chromogen, in 
forage plants as an indicator in digestion ex- 
periments. 10 This method is based on the 
fact that this pigment is apparently entirely 
indigestible and completely recovered in the 
feces. This method is proving especially use- 
ful in determining the digestibility of the 
forage eaten by animals on pasture. 

' Rv combining the use of the chromogen 
method and the chromic oxide method or by 
the chromic oxide method alone, the amount 
of pasturage dry matter eaten daily can be 
found. 11 In some such studies, a complete 
collection of the feces voided daily is made 
bv means of a feces bag attached to the ani- 
mal. The forage consumption can even be 
estimated approximately by taking samples 
of the feces at stated times each day, with- 
out total collection. . 

In still another method, the digestibility 
of forage is estimated from the nitrogen con- 
tent of the forage and the feces. This method 
seems to be less reliable than the chromogen 
method or the chromic oxide method. 1 - 

A chemical method in which a sample 
of feed is digested with enzymes in the la- 
boratory gives approximate information on 
the digestibility of such feeds as meat and 
fish by-products. 13 

67. Limitations of digestion trials. 
—The data secured in digestion trials 
provide the general basis for our knowl- 
edge concerning the amounts of digest- 
ible nutrients furnished by the many 


different feeding stuffs. Such data are 
therefore highly inportant in the science 
of stock feeding. 

Even the net-energy values of feeds, 
which are discussed later in this chapter, 
are usually computed from tables of di- 
gestible nutrients, such as Appendix 
Table I of this volume, by applying cer- 
tain factors to the values for digestible, 
nutrients. However, in using tables of 
digestion coefficients and digestible nu- 
trients, it is well to bear in mind that 
the digestibility of a particular* sample of 
a feed may differ appreciably from the 
average digesti bil ity for that ®kind of 
feed. Also, VtSoiTs conditions may affect 
the digestibility of a feed or ration. 

Information is given in the next 
chapter concerning the effects upon di- 
gestibility of such factors as various meth- 
ods of preparing feeds, the amount of 
feed eaten, and the proportion of protein 
and other nutrients in the ration. 

Because of the variations in digest- 
ibility of different lots of the same kind 
of feed, some scientists have doubted 
whether the use of such average data 
is advisable. However, from a detailed 
statistical study of the available data, 
Schneider and associates concluded that 
applying average digestion coefficients 
for a given feed to individual lots of 
that feed is warranted. 14 

The following information concern- 
ing the limitations of digestion trials is 
of scientific interest: 

In digestion trials it is commonly as- 
sumed that all matter appearing in the feces 
represents the part of the food which is actu- 
ally indigestible. This is only approximately 
correct, for the feces always contain in addi- 
tion some waste from the body itself, such as 
unabsorbed residues from the bile and other 
digestive juices, worn-out cells and mucus 
from the membranes lining the digestive 
tract, and waste mineral matter. The feces 
also include innumerable living and dead 

bacteria. _ , . 

In herbivora, such as cattle and horses, 
which eat much roughage, these products 
form but a small part of the feces, while in 
carnivora, such as dogs, they form a consid- 
erable portion. All these constituents of the 
feces are waste products. Therefore, although 
they do not represent undigested food, it is 


% 

\ 


' MEASURING THE USEFULNESS OF FEEDS 43 


entirely correct from a practical standpoint 
to deduct them, along with the food that is 
'actually undigested, in determining the di- 
gestible nutrients which are of use to an ani- 
mal. These intestinal waste products which 
are excreted in the feces are a part of the 
cost of digesting the feed, as they represent 
the “wear and tear” of the digestive organs. 

In nutrition studies, when it is desired to 
^determine how much of the protein of the 
feed has actually been digested, the feces 
may be treated with an acid solution of pep- 
sin. This dissolves practically all the protein 
compounds in the feces except the true uridi- 
"* gested food protein. 

It has been pointed out in the preceding 
chapter that in the digestion^pf cellulose and 
pentosans by bacteria in the paunch of rumi- 
nants and to a less extent in the large intes- 
tine of other animals, some of the carbohy- 
drates are broken down into carbon dioxide 
and methane, gases that have no nutritive 
value. Yet, due to the method of computing 
digestible nutrients, these are commonly in- 
cluded in the amount of carbohydrates con- 
sidered digestible. This does not involve any 
serious error even with ruminants, and with 
other classes of stock the discrepancy is usu- 
ally negligible. 

Errors are apt to occur in determining 
the digestibility of the ether extract, or so- 
called “fat,” for fat is usually present in feed- 
ing stuffs in much smaller amounts than pro- 
tein and carbohydrates. Furthermore, as has 
been pointed out in Chapter I, ether dissolves 
not only true fat but also such plant com- 
pounds as chlorophyll and waxes. It also dis- 
solves such products in the feces as the bile 
residues. 

The true fats are highly digestible, but 
the waxes, etc., are of rather low digestibil- 
ity. Fraps and Rather, on studying the ether 
extract obtained from 18 different forage 
plants, found that only 42 per cent was true 
fat. 15 Of this, 68 per cent was digested, while 
only 29 per cent of the remainder ( not true 
fat) was digestible. 

Certain forage plants of the western 
ranges, such as the sagebrushes, have a high 
content of essential oils. (14) Though these 
essential oils have little or no energy value 
to the animal, they are included in the fat in 
the usual feed analysis. The actual feeding 
value of such plants is consequently less 
than shown by the content of total digestible 
nutrients. 16 

The ordinary digestion trials give little 
information concerning the extent to which 
the mineral matter is actually digested and 
absorbed, because calcium, magnesium, phos- 




phorus, and iron are chiefly excreted from 
the body in the feces. Therefore, in a diges- 
tion trial these compounds would be re- 
ported as largely undigested, though they 
may really have been digested and absorbed, 
and later excreted in the feces after being 
used in the body. 

By the use of radioisotopes, such as ra- 
diocalcium, the true digestibility of these 
minerals can be determined. In a digestion 
trial of this kind, it was found that month- 
old calves fed milk digested over 90 per cent 
of the calcium; mature cattle on rations of 
grain and hay, 30 to 40 per cent; and aged 
cattle, only 22 per cent. 17 

II. Net Energy and 
Metabolizable Energy . 

68. All losses not deducted in di- 
gestible nutrient values. — It has been 
shown previously in this chapter that in 
determining the amounts of digestible 
nutrients in a feed, the only loss of nu- 
trients which is deducted is the loss 
that occurs in the undigested material in 
the feces. It is assumed that the re- 
mainder — the digestible nutrients — is all 
assimilated and used in the body. 

However, this is not strictly true. 
Energy losses of three other types occur 
in the digestion and utilization of food. 
These are: 

1. Energy is lost in the urea and 
other nitrogenous waste products that 
are excreted in the urine. These com- 
pounds have energy value which is lost 
to the animal. (51) This loss of energy 
is small in the case of feeds which are 
low in protein and is not very great 
even in the case of feeds rich in protein. 

2. A small amount of energy is lost 
in the combustible gasses, especially 
methane, which are produced in the fer- 
mentations of cellulose, pentosans, and 
other carbohydrates in the digestive 
tract, particularly in the paunch of rumi- 
nants. (44) The amount of energy lost 
by this means does not differ much for 
the various common feeds and is no 
greater for roughages than for grain and 
other concentrates. Even in the case of 
cattle and sheep, the loss is generally 
less than 10 per cent of the total energy 
in the feed. 

3. A much greater loss of energy 
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occurs in the various necessary proc- 
esses of chewing, digesting, and assimi- 
lating the food. This is often called the 
“work of digestion.” It is easy to see 
that energy is required for the move- 
ments of the jaws in chewing, for the 
movements of the digestive tract, and 
for the increased work of the heart and 
lungs during digestion. Also, the secre- 
tion of the digestive juices requires 
energy, and there are losses of energy 
in the heat produced through the bac- 
terial action upon carbohydrates. The 
energy expended in these processes all 
takes the form of heat, and it may help 
to warm the body, if sufficient heat is 
not otherwise being produced in the 
body. However, it cannot be used for 
other purposes, because the body has no 
ability to convert heat into other forms of 
energy. 

In addition to these losses of energy 
due to the actual work of chewing, di- 
gesting, and assimilating the food, a 
further loss occurs through the speeding 
up of the body processes which always 
follows the eating of food. It has been 
found that while nutrients are being ab- 
sorbed from the digestive tract following 
a meal, more heat is produced than at 
other times. 

This effect is familiar to all of us, 
for we know that if we eat a meal when 
we are chilly, we will soon feel decidedly 
warmer. Likewise, if we eat too heartily 
in hot weather, we will suffer even more 
from the heat. 

As stated previously, all the losses of 
energy in the form of heat are often 
called the “work of digestion.” Scientists 
more commonly use the term heat incre- 
ment to include all these losses, for they 
are due to the increase, or increment, in 
heat production of the body that results 
from the consumption of food. 

The heat increment is the additional 
amount of heat which is produced in the 
body following and because of the con- 
sumption of food. It should be borne in 
mind that it is not the total amount of 
heat produced in this period, but only 
the additional amount in excess of the 
heat produced during a similar period of 


time before the food was eaten, or in a 
period when less food was consumed. ^ 

The losses of energy in the he#Kn- 
crement are much greater in the case of 
feeds that are high in fiber than with 
grain and other concentrates that are low 
in fiber and therefore readily digested. 
For example, about 33 per cent of the 
energy in the nutrients digested from, 
com grain is used up in this “work of 
digestion,” while this loss is approxi- 
mately 60 per cent in the case of wheat 
straw, 

69. Net-energy values. — After there 
is deducted jmm the total or gross 
amount of energy in a feed, the energy 
lost in the feces and by these three other 
means, there remains what is called the 
net-energy value . This represents the 
real value of the feed for productive 
purposes, such as producing growth, 
body fat, milk, or wool, or in the per- 
formance of work. To fix in mind the 
exact meaning of net-energy values, the 
following definition should be learned. 

The net-energy value of a feed is 
the amount of energy left after there are 
deducted from its total energy value the 
amounts of energy lost in: (1) Feces; 
(2) combustible gases; (3) urine; and 
(4) heat increment, or “work of diges- 
tion.” 

A certain amount of the net energy 
supplied by the food must be used to 
meet the daily maintenance needs of the 
animal. Even when an animal consumes 
no food, a certain amount of energy is 
required for the necessary functions of 
the body. These include the work of the 
heart, the lungs, and the other internal 
organs, as well as the work done by the 
muscles in producing the movements of 
the body. 

If there is a surplus of net energy 
left after meeting the requirements for 
merely maintaining the body, then this 
surplus may be used for growth, for the 
formation of body fat, for the produc- 
tion of milk or wool, or for muscular 
work. 

The net-energy value of a feed does 
not measure its value for maintaining an 
animal when the weather is cold. This 
is because no credit is given for the fact 
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that the heat produced in the ‘work o£ the remainder is called the metabolizable 
digestion helps to keep the animal energy, (This is sometimes called avail - 
^02; able energy,) Metabolizable energy 

When the temperature of the air shows the value of a feed for maintaining 
surrounding an animal is comfortably the body temperature, but it does not 
warm, enough heat is produced to keep measure its value for productive pur- 
it warm through the oxidations that are poses. 

always taking place in the body, even 71. Net-energy values expressed in 

when no food is eaten. Under these con- therms. — In this country the net-energy 
’ditions it gets no benefit at all from the values of livestock feeds are commonly 
additional heat produced because of the expressed in therms. A therm, which is 
consumption of food (the heat incre- a unit for measuring heat, is the amount 
ment )* ' of heat required to raise the temperature 
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72. Determining net-energy values 
of feeds. — It is much more difficult and 
expensive to determine chemically the 
net-energy value of a feed than to find 
the amount of total digestible nutrients 
it supplies. For this reason, the net- 
energy values of only a very few feeds 
have been thus found. 

First, the gross energy value of the 
feed is found by burning a weighed 
sample in pure oxygen gas in an appa- 


air and in some cases the amount of car- 
bon dioxide breathed out are carefully 
determined. The energy lost in thej p p^ 
bustible gases is not determined in this 
sort of apparatus, but can be computed 
from data obtained in other experiments, 
since this loss is small and relatively con- 
stant for any type of animal. 

, Apparatus of this kind is now used 
in most large hospitals to find the rate' 
of metabolism in humans suffering from 



Respiration Calorimeter at Pennsylvania Station 

Much important information concerning the nutritive values of different classes of feeds 
has been secured through the investigations conducted with this apparatus. (From Pennsyl- 
vania Institute of Animal Nutrition. ) 


ratus called a calorimeter, in which the 
heat given off can be determined ac- 
curately. Next, the energy losses in feces 
and urine are found by collecting and 
drying these excreta and burning sam- 
ples in a calorimeter. 

It is much more difficult to find 
the energy lost in the combustible gases 
and in the heat increment. These losses 
can be determined only by means of a 
respiration apparatus or a respiration 
calorimeter. 

In the simplest type of respiration 
apparatus , the animal breathes through 
a mask placed over its nose and mouth. 
The amount of oxygen in the incoming 


certain diseases. This method has been 
used in extensive studies by Brody and 
associates at the Missouri Station to find 
the energy expenditure of farm animals 
of various classes and under different 
conditions. 

In the more complete type of res- 
piration apparatus, the animal is con- 
fined in an air-tight chamber, equipped 
so that the air entering and leaving can 
be accurately measured and analyzed. 
Extensive studies with farm animals have 
been made by Kellner, Mollgaard, and 
other European scientists with apparatus 
of this kind, and in this country by Ritz- 
man and successors at the New Hamp- 
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* shire Station, by Mitchell at the Illinois 
Station, and by Kleiber at the California 
^ Station. 

' "The respiration calorimeter resem- 
bles this latter type of respiration appa- 
ratus, but in addition is equipped with 
elaborate devices by means of which the 
heat given off by the animal can be di- 
rectly determined. The only respiration 
r calorimeter built in this country for ex- 
periments with farm animals was erected 
years ago by Armsby at the Pennsylvania 
Station. After his death, the investiga- 
' tions were continued by Forbes and 
associates and later by Swift and asso- 
ciates. During recent years this respira- 
tion calorimeter has unfortunately been 
used but little, because of the great 
amount of time and expense required in 
such experiments. 

Another method of determining net- 
energy values is to analyze the entire 
bodies of growing animals that have 
been fed the test ration during an ex- 
perimental period of sufficient length. 
This method has been used by Fraps of 
the Texas Station to determine the net- 
energy values of various feeds for grow- 
ing chickens. 155 It would be very difficult 
and expensive to use the method with 
the larger farm animals. 

Approximate net-energy values can 
be determined rather easily by a method 
proposed by the author of this volume. 
In this method, which is described later, 
certain modifications are made in the 
usual type of practical feeding experi- 
ment. ( 81 ) Other feeds are directly com- 
pared with corn grain as a standard, 
since reliable net-energy values for com 
have been determined in energy investi- 
gations. 

The approximate net-energy value 
of any feed for a particular class of stock 
can also be computed, if a sufficient 
number of ordinary feeding experiments 
have been conducted to compare this 
feed with other standard feeds. This is 
the method that has been chiefly used 
by the author in computing the esti- 
mated net-energy values given in Ap- 
pendix Table II of this volume. 

Moore and associates have also de- 
veloped formulas for estimating the net 


energy values of various feeds from the 
content of total digestible nutrients. 19 
Data are insufficient to determine 
whether these formulas can be used for 
feeds very high in fiber, such as peanut 
hulls. 

73. Net-energy values of nutrients 
and typical feeds. — The various losses of 
energy that occur in the use by cattle of 
pure digestible nutrients and of typical 
feeds are shown in the following table. 
This is based on the investigations by 
Kellner with a respiration apparatus and 
by Armsby with the respiration calorim- 
eter. 

It will be noted that peanut oil, a 
fat, had much more gross energy than 
the other nutrients. This is because fats 
contain a much larger proportion of car- 
bon and hydrogen and less oxygen than 
do carbohydrates or protein. The gross- 
energy value of protein is also somewhat 
higher than that of carbohydrates. 

In the case of the pure nutrients, 
peanut oil or wheat gluten, there was no 
loss of energy in the form of combustible 
gases because fat and protein, as such, 
do not undergo the fermentations in the 
paunch and large intestine which pro- 
duce these gases. However, in the case 
of starch, a loss of 17.3 therms of energy 
occurred in combustible gases for each 
100 lbs. of the nutrient. No loss of energy 
in the urine resulted in either peanut oil 
or starch since they contained neither 
protein or other nitrogenous compounds. 

With ruminants fed pure nutrients 
such as fat, protein, and carbohydrates 
as used in these experiments there are 
losses in the feces and other excreta of 
the body. This loss amounted to 188.8 
therms for peanut oil, 55.4 therms for 
wheat gluten, and 33.6 therms for starch. 
(When these same nutrients are fed to 
simple stomached animals, such as swine, 
much better utilization is secured and 
the losses in this manner are negligible.) 

After all of these various losses were 
deducted there remained 241.0 therms of 
metabolizable energy for the fat, 164‘.5 
therms for the protein, and 137.5 therms 
for the starch. The losses in heat incre- 
ment, often incorrectly called, * work of 
digestion,” were highest in the case of 
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protein and lowest for starch. Deducting 
all losses, there remained 163.8 therms 
of energy from 100 lbs. of fat; 68.3 
therms from protein; and 81.0 therms 
from starch. 

It is important to note that although 
protein contained considerably more gross 
energy than did starch, the losses were 
so much larger that it furnished a less 
amount of net energy. The net-energy 
value of protein represents the value of 
food protein that is supplied in excess of 
the actual needs of the animal for pro- 
tein. It is the worth of protein as a sub- 
stitute for starch or fat in the production 
of heat, energy, or body fat. Protein has 


protein supplement is fed as a corn sub- e 
stitute, the excess amount is usually 
worth a little less than corn, instead^ 
more than the grain. 

74. Net-energy values of concen- 
trates and roughages. — The table shows 
that wheat straw, which is a very low- 
grade feed, has fully as high a gross- 
energy value per 100 lbs. as does ground 
com or timothy hay. This means merely 
that it will produce as much heat on be- 
ing burned. While the gross-energy val- 
ues of these feeds are approximately the r 
same, there are great differences in the 
losses which occur in them. 

In the case of corn, which is highly 




Net energy value of pure nutrients and typical feeding stuffs : 
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Pure nutrients 

Peanut oil (fat) 

Wheat gluten ( protein ) 
Starch "(carbohydrate) 


429.0 

253.1 
188.4 


188.8 

55.4 

33.6 


0.0 

33.2 

0.0 


0.0 

0.0 

17.3 


241.0 

164.5 

137.5 


77.2 


56.5 


163.8 

68,3 

81.0 


Common feeding stuffs 

Ground corn 

Timothy hay 

Wheat straw 


177.7 
182.4 

186.7 


18.6 

86.9 

109.6 


8.0 

7.3 

3.7 


17.8 

13.4 

15.5 


133.3 

74.8 

57.9 


51.5 
31.0 

48.5 


81.8 

43.8 

9.4 


its full value only when used for the re- 
pair of protein tissue, for the building of 
new body protein, or for making the pro- 
tein in milk. 

It should be noted that in comput- 
ing the total digestible nutrients of feeds, 
digestible protein is given the same value 
as digestible carbohydrates, instead of 
being given any higher value. 

Practical feeding experiments which 
are reviewed in later chapters have 
shown clearly that a protein supplement 
such as soybean oil meal or cottonseed 
meal has a much higher value than corn 
grain, when the necessary amount is 
added to balance a protein-poor ration. 
However, when a large amount of the 


M 


digestible, only 18.6 therms of eneigy 
were lost in the feces. Because of the 
lower digestibility of hay, 86.9 therms 
were lost in the feces per 100 lbs. of tim- 
othy hay. Wheat straw was digested so 
poorly that more than one-half of the 
original gross-energy content was lost. 

There was little loss of energy in the 
urine with all of these feeds, for none of 
them is high in protein. 

The loss of energy in combustible 
gases was also small for all of the feeds, 
amounting to less than 10 per cent of the 
gross-energy content. 

Deducting the losses in feces, com- 
bustible gases, and urine, there remained 
133.3 therms of metabolizable energy 
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from 100 lbs. of com; 74.8 therms from 
Jjay; and only 57.9 therms from the straw. 

After the energy lost in heat incre- 
ment is subtracted from the metaboliz- 
able energy for these feeds, the energy 
remaining, or net-energy value is 81.8 
therms, for corn; 43.8 therms for hay; 
and 9.4 therms for straw. 

„ It is sometimes said that no mofe 
energy is lost in the “heat increment” per 
100 lbs, in the case of roughages than 
with corn or other concentrates. While 
» this is literally true, it is a misleading 
basis of comparison. The comparison 
should be made on the basis of the pro- 
portion of the metabolizable energy 
which is lost in the “heat increment.” 

Comparing ground corn and wheat 
straw on this basis, it will be found that 
in the case of the straw 84 per cent of 
the metabolizable energy was lost in the 
heat increment. With the ground corn 
only 39 per cent of the metabolizable 
energy was lost by this means. 

These data show that for produc- 
tive purposes, such as the formation of 
body fat, 100 lbs. of wheat straw were 
worth less than one-eighth as much as 
100 lbs. of com grain and only one- 
fourth as much as 100 lbs. of timothy 
hay. For the production of heat in the 
body, the relative values of these feeds 
are " measured by their metabolizable- 
energy values. Total digestible nutrients 
furnished by various feeds are also ap- 
proximate measures of their relative val- 
ues for this purpose. 

75. Maintaining animals in cold 
weather. — It has been mentioned pre- 
viously that net-energy determinations 
are practically always made with animals 
in an air temperature such that they get 
no benefit from the heat lost in the “heat 
increment.” (68) For this reason such 
net-energy values should not be used 
in computing maintenance rations for 
wintering farm animals in sections where 
the winter climate is cold. It is shown in 
Chapter VIII that the chief maintenance 
requirement in cold weather is for heat 
to keep the body warm. The usual net- 
energy values seriously undervalue the 
worth of roughages for this purpose. In 
computing rations for maintaining stock 


in winter, it is therefore more accurate 
to use total digestible nutrients. Metabo- 
lizable-energy values are also suitable for 
this purpose, but are not in common use. 

The fact that roughages have a 
much higher relative value for warming 
the body than they do for productive 
purposes, is of great importance in live- 
stock feeding. It is pointed out in later 
chapters that mature animals that are 
merely being maintained, such as idle 
horses in winter, can be satisfactorily 
kept on roughages alone, even those of 
rather low quality. On the other hand, 
high-producing dairy cows, fattening 
cattle or sheep, and horses at hard work 
can make but little use of low-grade 
roughage, such as straw or poor, woody 
hay. 

76. Metabolizable energy for valu- 
ing feeds. — Some investigators advocate 
the use of metabolizable-energy values 
for valuing various feeds and for com- 
puting rations, instead of net-energy 
values or total digestible nutrients. 

Except in the case of poultry, this 
does not seem desirable to the author. 
As is pointed out in Chapter XXXVI, in 
poultry the feces and urine are not voided 
separately. It is therefore impossible to 
determine the digestible nutrients by the 
usual methods. However, the metaboliz- 
able energy in a ration can be found by 
determining the energy content of the 
feed and of the combined feces and 
urine. Metabolizable-energy values are 
therefore useful measures of the values 
of poultry feeds. 

In the case of other farm animals, 
metabolizable-energy values do not fur- 
nish a much better index to the rela- 
tive values of feeds high in fiber and 
those low in fiber than do total digest- 
ible nutrient values. It is much more 
difficult to determine metabolizable- 
energy values experimentally, than to 
find the digestibility of feeds. Some have 
advocated the computation of metabo- 
lizable-energy values from the amounts 
of digestible nutrients by the use of var- 
ious factors. 20 Such computed values can 
be only very approximate. Therefore the 
author prefers to use either total digest- 
ible nutrients, with their acknowledged 
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limitations, or else to use estimated net- 
energy values, such as are given in Ap- 
pendix Table II. 

It should be borne in mind that in 
the common method of computing total 
digestible nutrients, the unavoidable loss 
of energy in the urine is approximately 
corrected. This is because digestible pro- 
tein is given the same value as digestible 
carbohydrates. Protein actually has a 
considerably higher energy or fuel valu'e 
than carbohydrates, but part of the en- 
ergy is lost in the urine. 

77. Net-energy values vs. total di- 
gestible nutrients. — There is no question 
but what net-energy values are theoret- 
ically more accurate than total digest- 
ible * nutrients for comparing the values 
of roughages or low-grade concentrates 
with the values of the grains and other 
high-grade concentrates for productive 
purposes. This is because there is a de- 
cidedly greater loss of energy in the 
heat increment from each pound of di- 
gestible nutrients in the case of feeds 
high in fiber than with those low in fiber. 
Therefore each pound of total digestible 
nutrients in roughage or low-grade con- 
centrates has a lower productive value 
than in high-grade concentrates. 

Any person experienced in livestock 
feeding will agree that the relative value 
of good hay and of straw for production 
is far different from the amounts of total 
digestible nutrients in such hay and in 
straw. For example, average alfalfa hay 
has 50.7 lbs. total digestible nutrients 
per 100 lbs.; average grass hay, 44 to 47 
lbs.; and oat straw, 44.8 lbs. No experi- 
enced stockman believes that oat straw is 
really worth over four-fifths as much as 
good alfalfa hay, or nearly as much as 
average grass hay, for stock being fed for 
production. 

Unfortunately, there are decided 
limitations in the' use of net-energy val- 
ues. First of all, on account of the great 
cost of such investigations, the values 
of but very few feeds have been actually 
determined by experiments with, a res- 
piration calorimeter or a respiration ap- 
paratus. For example, though most such 
studies have been with fattening steers, 
the net-energy values of less than 20 


feeds have been directly determined for 
this class of stock. The net-energy value^ 
for other feeds must therefore bo»^o- 
mated from the best data available. 

78. Factors affecting net-energy val- 
ues. — It has been pointed out previously 
in this chapter and is explained further 
in the next chapter that the digestibility 
of any feed varies somewhat, being in-# 
fluenced by several factors. (101-106) 

It is therefore necessary to average to- 
gether the results of several well-con- 
ducted digestion trials to have a reliable 
basis for computing the average amounts 
of digestible nutrients supplied by any 
feed. 

Net-energy values are considerably 
more variable than total 'digestible nutri- 
ents. First of all, there is apt to be a 
greater difference in the results secured 
with individual animals of the same kind 
and kept under the same conditions. 21 
This may be due to the complexity of 
net-energy investigations. 

The net-energy value of the same 
feed or of the same ration is also affected 
by the amount of feed that is given the 
animal. When an animal is scantily fed, 
the net-energy value of the ration per 
pound may be 20 per cent higher than 
when the animal is fed liberally. 22 It is 
pointed out in the next chapter that the 
amount of feed eaten also affects the di- 
gestibility of a ration, but to a much less 
degree. 

Any nutritive deficiency in a ra- 
tion may seriously reduce its net-energy 
value, especially if the deficiency is long 
continued. The effect is apt to be greater 
than the effect upon digestibility. In ex- 
periments by Forbes and associates a 
deficiency in the amount or quality of 
protein, or a deficiency of fat, of minerals, 
of thiamine, or of riboflavin decreased 
the net-energy values of rations for rats 
used as test animals. 23 

It has been found that the same 
feeds have decidedly different net-energy 
values for some classes of stock than for 
others. Thus, the net-energy value of a 
ration for mere body maintenance or for 
milk production was 23 to 24 per cent 
higher than for the fattening of cattle. 21 
For swine or poultry the net-energy val- 
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ues of such high-grade concentrates as 
the cereal grains are much higher than 
•*- tu^faftening cattle. 25 On the other hand, 
because swine and poultry have little 
ability to digest fiber, feeds high in fiber 
have very low net-energy values for 
them. 

The net-energy values of high-grade 
concentrates are much higher for horses 
£ than for fattening cattle. 26 However, hay 

has a much lower net-energy value for 
work horses than for cattle, and wheat 
# straw actually has a negative value. In 
j other words, the more straw the horse 

eats, the less work he can do. 

In addition to the effect of all of 
t these factors, the net-energy value of a 

feed may be affected by the particular 
j combination of - feeds with which it is 

j fed, even though all of the rations are 

balanced in protein and other nutrients. 
As is pointed out in the next chapter, 
scientists differ in their opinions con- 
cerning the importance of such "associa- 
tive action” of feeds. (104) 

79. Net-energy values in Appendix 
Table II. — In spite of these limitations of 
net-energy values, the author believes 
that it is possible to evaluate the most 
t important feeds more correctly on the 

net-energy basis than by using the values 
for total digestible nutrients. He has 
therefore computed estimated net-energy 
values for the most important feeds, 
which are presented in Appendix Table 
II. These values are based upon studies 
of all the available data that provide in- 
formation concerning the relative values 
of these feeds for productive purposes. 
The reader can decide whether to use 
i the total-digestible-nutrient values in Ap- 

pendix Table I or these estimated net- 
energy values in Appendix Table II. The 
* author has endeavored to make both 

tables as useful and reliable as possible. 

In computing the estimated net- 
energy values in Appendix Table II, chief 
reliance has been placed on the results 
of the hundreds of feeding experiments 
conducted by the experiment stations to 
compare the values of different feeds for 
I fattening cattle and sheep, for dairy 

cows, and for swine. The other sources 
of data used in the preparation of this 




table are stated in the paragraphs that • 
precede the table. 

The net-energy values in Appendix ; 
Table II are primarily for growing and ] 

fattening livestock. As has been men- 
tioned previously, the various feeding j: 

stuffs have higher net-energy values for j 

milk production than for the fattening jj 

of animals. However, the relative net- j 

energy values of different feeds for milk 
production and for fattening are prob- 
ably not far different in most cases. Also, 
in the case of feeds which seem to have 
different relative values for dairy cows 
than for fattening stock, separate values 
are given for dairy cows. ! 

Therefore, those desiring to compute 
rations for dairy cows on the net-energy 
basis can safely employ these net-energy 
values, using the figures for net-energy 
requirements given in Appendix Table 
III, which are designed for use with 
these net-energy values. These values can 
also be used in computing rations for 
work animals. 

These net-energy values should not 
be used in computing rations for merely 
maintaining animals during cold weather. 

It is much more accurate to use for this 
purpose the total-digestible-nutrient val- 
ues in Appendix Table I. 

80. Roughages compared with con- 
centrates. — An inspection of Appendix 
Table II will show that there is a con- 
siderably greater difference between the 
net-energy value of a. high-grade concen- 
trate and that of a dry roughage than 
there is between the percentages of total 
digestible nutrients furnished by the same 
feeds. For example, dent corn of Grade 
No. 1 supplies 81.9 therms of net-energy 
per 100 lbs., while timothy hay (all 
analyses) furnishes but 37.3 therms, or 
only 46 per cent as much. However, tim- 
othy hay has 60 per cent as much total 
digestible nutrients as does corn grain. 

It has 49.1 per cent total digestible nu- 
trients, in comparison with 81.9 per cent 
for No. 1 dent corn. 

In the case of lower-grade rough- 
ages, such as com stover and straw, the 
difference between the valuations of 
feeds by these two systems is even 
greater. For instance, wheat straw has 
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40.6 per cent total digestible nutrients, 
which is nearly one-half as much as dent 
corn. However, the straw furnishes only 
10.0 therms of net energy per 100 lbs., 
or but one-eighth as much as does corn 
grain. 

The reason why the net-energy val- 
ues of roughages are much lower than 
their total digestible nutrient values has 
been stated previously in this chapter. 
It is chiefly because the losses of en- 


expensive that such values have been 
obtained experimentally for very few 
feeds. Even for these feeds, the 
were determined with only a few indi- 
vidual animals. 

The author therefore proposed a 
method by which approximate net-en- 
ergy values, or production values, for 
various feeds can be determined rather^ 
easily, by making certain modifications 
in the usual type of feeding experi- 


Net-Energy Values Can Be Found in Feeding Trials 

Experimental sheep barn at Cornell University where feeding experiments to determine 
the approximate net-energy values of various feeds have been conducted. 





ergv in the heat increment, or the so- 
called “work of digestion,” are much 
greater in the case of feeds high in fiber 
than with the grains and other concen- 
trates that are low in fiber and therefore 
readily digested. Therefore, when one 
wishes to compare the value of a rough- 
age for productive purposes with that 
of a concentrate, it is more accurate to 
use net-energy values than to base the 
comparison oil total digestible nutrients. 

81. Determining net-energy values 
by feeding experiments. — It has been 
pointed out previously in this chapter 
that net-energy determinations with large 
farm animals are so time-consuming and 


merit. 27 In this method other feeds can 
be compared with corn grain as a stand- 
ard, since reliable net-energy values for 
corn have been determined in energy 
investigations. 

To illustrate the method, let us sup- 
pose that we wish to find the approxi- 
mate net-energy value, or production 
value, of alfalfa hay for fattening lambs, 
in comparison with that of corn grain. 
One experimental lot of lambs is fed. 
under regular feed-lot conditions a lim- 
ited amount of corn grain with a very 
liberal amount of hay, but no more hay 
than the lambs will clean up with little 
waste. 
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# Another lot of similar lambs is fed 
considerably less hay per day. In addi- 

the y are t usi enou gh corn to 

mafe^the same gain in liveweight as is 
made by the lambs in the first lot. At 
the end of the experiment when the 
lambs are ready for market, the produc- 
tion of both lots will have been equal, 
so far as gain in weight is concerned. 
Taking the well-established net-energy 
value of corn grain as the standard, the 
approximate net-energy value of the al- 
falfa hay can be then computed from 

• the amounts of corn and hay required 
by the two lots to produce the same gain 
in weight. 

By careful slaughter tests it can be 
determined whether there is any observ- 
able difference in fatness of the carcasses 
of the lambs fed the two rations. If such 
a difference is found, a correction can 
be applied to the estimated net-energy 
value of the hay, to correct for the dif- 
ference in energy value of the gain made 
on the two rations. This correction can 
be based upon data which are available 
concerning the energy content of the 
carcasses of animals of various degrees of 
fatness. Except for the great expense 
involved, it would be preferable to make 
chemical analyses of the carcasses of all 
of the lambs. 

Because the method is simple and 
not very expensive, experiments can 
readily be repeated a sufficient number 
of times and with enough animals to 
eliminate most of the variations due to 
individuality of animals or to differences 
in composition of the same kind of feed. 
Also, since such experiments can be 
conducted under practical conditions, 
they should furnish more reliable in- 
formation than we have at present con- 
cerning the productive values of most 
feeds. 

This method has been used by the 
author and associates at the New York 
(Cornell) Station and by other investi- 
gators at the Colorado, Maryland, Michi- 
gan, and Oklahoma Stations . 28 It is suit- 
able for use with dairy cows, as well as 
with fattening or growing animals. 

82. Starch values. — Kellner, who con- 
ducted extensive investigations many years 


ago in Germany with steers in a respiration 
apparatus, measured the values of feeds for 
productive purposes in terms of starch mi- 
nes, instead of net-energy values stated in 
therms. 29 In this system I lb. of digestible 
starch is taken as the net-energy unit. The 
net-energy value of any feeding stuff is ex- 
pressed as the number of pounds of starch 
which is believed to have the same net- 
energy value for productive purposes. Thus, 
the starch value of dent corn, according to 
the Kellner method, is 81.5 lbs. starch equiv- 
alent per 100 lbs. 

Kellner also prepared feeding standards 
based on digestible true protein and starch 
values. These were a decided improvement 
over the old Wolff-Lehmann standards and 
were therefore widely adopted in Europe. 
Because of the great advance in our knowl- 
edge about animal nutrition since then, the 
Kellner values should now be considered as 
of only historical importance. 

83. Armsby net-energy values. — From 
factors based on his net-energy investigations 
with steers and on the experiments of Kell- 
ner, Armsby computed net-energy values 
for a considerable list of feeds. These were 
published in 1917 in his book, The Nutrition 
of Farm Animals. 

Since the net-energy values of only a 
very few feeds had actually been deter- 
mined, most of his values were computed 
from 'the table of digestible nutrients in the 
fifteenth edition of Feeds and Feeding with 
the permission of the writer. Unfortunately, 
his method of computation was faulty, and 
as a result some of his values were decidely 
incorrect. 

For example, the value of barley for all 
fattening ainmals is definitely lower than that 
of corn. Yet, Armsby ’s net-energy value per 
100 lbs. was 89.94 therms for barley, in com- 
parison with only 85.50 therms for dent corn. 
This was due primarily to the fact that in 
Armsby ’s method of computation com was 
given no credit for the fact that it has twice 
as much fat as barley. Similarly, soybeans, 
flax seed, and other fat-rich feeds were given 
lower energy values than barley or wheat, 
while the values should have been much 
higher than for these grains. 

Fully as important as these differences 
was the fact that lower net-energy values 
were assigned to all the legume hays than 
to timothy hay and other grass hay. For ex- 
ample, a net-energy value of only 34.23 
therms was given for average alfalfa hay, 
while the value for average timothy hay was 
43.02 therms. Red top hay, a grass hay 


iRlCl 


:|;j 

II 
r j 

' 1 1 


Iff 4 [i 


f: 


mL 

A: 


i 


i 


FEEDS AND FEEDING 


which is usually of rather poor quality, was 
given a value of 51.22 therms. 

The Armsby net-energy values or the 
Kellner starch values have never been widely 
used in this country. This is probably be- 
cause their limitations have been realized 
more clearly than in some other countries. 
The author believes that the Armsby values, 
like the Kellner starch values, should now 
be considered as having only historical im- 
portance. 

84. Scandinavian feed-unit system. — 
The Scandinavian feed-unit system of valu- 
ing feeds is widely used in the Scandinavian 
countries for measuring the relative values 
of different feeds. 30 In this system the value 
of 1 lb. of barley grain is taken as the stand- 
ard. 

The feed-unit value for any other feed 
is the amount of that feed which is estimated 
to have the same productive value as 1.00 lb. 
of barley. For example, the feed unit values 
of soybean oil meal and of cottonseed meal 
for dairy cows are given as 0.85 lb. and the 
value of corn grain as 0.95 lb. This means 
that according to the estimate, it takes 0.85 
lb. of soybean oil meal or cottonseed meal, 
or 0.95 lb. of corn, to equal LOO lb. of bar- 
ley in feeding value. 

The feed-unit values are not true ex- 
pressions of net energy, for in this system 
feeds rich in protein are given higher values 
than feeds low in protein which actually 
furnish the same amount of net energy. The 
high value given to protein in the feed-unit 
system is undoubtedly the result of the char- 
acter of the rations employed in the experi- 
ments. In the Scandinavian countries there 
is a shortage of protein in the home-grown 
feeds, and considerable amounts of protein 
supplements are imported. Therefore, the 
common rations are often rather low in pro- 
tein. When added to rations which are some- 
what too low in protein content, 1.0 lb. of a 
protein supplement naturally had a higher 
productive value than 1.0 lb. of barley. 

The conditions in the various parts of 
the United States differ much more than in 
the Scandinavian countries. In the corn belt 
there is commonly a shortage of protein in 
the farm-grown feeds. On die other hand, 
in the alfalfa districts of the West, the short- 
age is often one of carbohydrates, and not 
of protein. Similarly, in the cotton belt of the 
South cottonseed meal is sometimes cheaper 
per ton than grain. Under these latter con- 
ditions, protein-rich feeds obviously do not 
have higher feeding values than correspond 
to the amounts of net energy or of total di- 
gestible nutrients that they provide. Prob- 


ably because of these conditions, the feed- 
unit system has never been used widely in 
the United States. 


85. Mollgaard's values. — Mollgaafdcon- 
ducted extensive respiration studies with 
dairy cows in Denmark and published feed 
units for milk production, or production 
units, of a somewhat different kind. 31 For 
feeds for which values have not been de- 
termined experimentally, values were com- 
puted from Kellner's starch values, or from 
the content of digestible nutrients. In his 
values recognition is given to the fact that 
the net-energy values of feeds are higher for 
milk production than for fattening animals. 

86. Fraps' production values. — From 
extensive studies of the results of feeding ex- 
periments in which various feeds were com- 
pared, Fraps of the Texas Station computed 
net-energy values expressed in therms for a 
considerable list of feeds. 32 He called these 
values productive-energy values. 

Fraps' values seem to be much more ac- 
curate estimates of the values of different 
feeds for productive purposes than Kellner's 
starch values or Armsby 's net-energy values. 
For this reason considerable use was made of 
the Fraps' values in preparing the estimated 
net-energy values in Appendix Table II of 
this volume. 

Fraps also determined net-energy val- 
ues of various feeds for chicks by the method 
mentioned previously. (72) 

QUESTIONS 

1. Show, by examples, why the information 

gained by extensive feeding experi- 
ments is the most reliable method of 
estimating the relative value of differ- 
ent feeding stuffs for the various 
classes of stock. 

2. Define digestion coefficient. How are the 

digestion coefficients determined di- 
rectly, and also by difference, in diges- 
tion trials? 

3. What is the relative digestibility of feeds 

low in fiber and of those high in fiber? 

4. Define total digestible nutrients. State 

how the amount of total digestible nu- 
trients is computed. 

5. Define nutritive ratio and show how it is 

computed. What is meant by the term 
narrow nutritive ratio; the term wide 
nutritive ratio? 

6. State three other methods for determin- 

ing digestibility, 

7. What 3 losses of food energy are not de- 

ducted in determining the amount of 
digestible nutrients in a feed? 

8. Define the net-energy mine of a feed. 
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► For what purposes may net energy be 

used in the body? 

.*9. In what terms are net-energy values gen- 
^ orally expressed in the United States? 

10. Describe a respiration apparatus. How 

does a respiration calorimeter differ 
from a respiration apparatus? 

11. By what other means can net-energy 

values be determined? 

12. Why are net energy values more accu- 
• rate than total digestible nutrients for 

comparing the values of roughages 
and of concentrates for productive 
purposes? 

IS. Why may considerable straw be fed ad- 
vantageously to an idle horse, but not 
to one at hard work? 

14. Why does not the net-energy value of a 

roughage measure its value for main- 
taining stock in the winter in most 
sections of the United States? On 
what basis should maintenance rations 
for such animals be computed? 

15. Discuss the factors which affect net- 

energy values. Consider (a) amount 
of feed; (b) nutritive deficiencies; 
(c) kind of animal. 

16. How can approximate net-energy values 

be determined by feeding experi- 
ments? 
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CHAPTER IV 

FACTORS AFFECTING THE VALUE OF FEEDS 


# I, The Preparation of Feeds 

87. When does preparation of feed 
increase its value? — It is of much finan- 
cial advantage to stockmen to know 
whether or "not any particular method of 
preparing feed for farm animals is profit- 
able. Extravagant advertising claims are 
sometimes made concerning the sup- 
posed savings that will result from a cer- 
tain method of preparing feed. It is 
therefore highly important that a farmer 
have reliable information on this subject, 
before spending money for equipment. 

It is often assumed that by grind- 
ing or chopping feed much labor is 
saved the animal and that the value of 
the feed is therefore increased decidedly. 
This idea is based on the supposition 
that the less work the animal does in 
mastication and digestion, the greater 
will be the amount of nutrients left for 
useful production. 

However, this is apparently not true. 
Making feeds so fine and soft that they 
can be swallowed with little chewing, 
not only fails to pay for the cost of such 
preparation, but it may actually lower 
the value of the feed. 

The value of grinding, crushing, or 
chopping feed depends on the character 
of the particular feed in question and 
also on the kind of animal to which it is 
to be fed. Therefore the economy of 
these methods of preparing feed for 
each class of stock is considered in detail 
in later chapters. In this chapter there 
are discussed only certain general prin- 
ciples that apply to the various classes 
of feeding stuffs and to the different 
kinds of livestock. 

In some cases, feeds that are un- 
palatable to stock will be consumed 
readily if they are ground and mixed 
with "those that are well liked. For ex- 
ample, rye gives better results with most 
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classes of stock if it is mixed with more 
palatable grains. 

. To induce animals that are being 
fitted for show to consume a little more 
feed than they might otherwise, the 
grinding of grain, the chopping of hay, 
or the soaking of feed may sometimes 
be helpful, even though the expense of 
such preparation would not be justified 
for other stock. There will naturally be 
more saving in grinding feed for animals 
with poor teeth than for those that can 
chew their food normally. 

88. Grinding grain or other seeds. 
— In the case of grain or other seeds, 
grinding, crushing, or soaking is usually 
profitable only when the particular ani- 
mals fail to chew the seeds thoroughly. 
Seeds that escape chewing may pass 
through the digestive tract without ap- 
preciable digestion, and thus the nu- 
trients are lost. Whether or not it will pay 
to grind grain for any class of stock is 
therefore a problem that can be deter- 
mined only by actual feeding experi- 
ments with that class of animals. 

Such preparation may be advisable 
for very young animals, before their 
teeth are well developed, but later it 
may not be beneficial. Also, in certain 
instances animals chew their feed less 
thoroughly as they grow older, and the 
grinding of grain is then advisable, even 
though it may not have been worth while 
for the same animals when somewhat 
younger. 

For example, after they are a few 
weeks old, calves chew corn or oats 
thoroughly up to about 6 or 9 months 
of age, and there is hence no advantage 
in grinding these grains for them. After 
this age, it usually pays to grind the 
grains. Similarly, growing and fattening 
pigs chew corn with such thoroughness 
up to the usual market weights, that it 
does not generally pay to grind it for 
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them. However, older pigs chew com 
less thoroughly, and therefore the saving 
through grinding is greater. 

All grains should commonly be 
ground for dairy cows. Grain should 
also be ground for beef cattle, with the 
exception that it does not pay to grind 
corn for them if pigs follow the cattle to 
salvage the unchewed corn kernels in 
the manure. All grains except com and 
oats should be ground or crushed for 


quired only one-half as much power and 
sometimes even less, to grind grain to a 
medium fineness as to grind it int^tf 
fine floury meal. 1 It is shown in* later 
chapters that in experiments with dairy 
cows, lambs, pigs, and hens, grain ground 
medium-fine has also had a higher feed- 
ing value than that ground more finely. 

. The cost of grinding is somewhat 
less when grain is merely cracked thaif 
when it is ground to a medium degree of 



Grain Should Be Ground for Dairy Cows 

Dairy cows do not utilize whole grain efficiently, even corn and oats. It therefore pays 
well to grind grain for them. 


horses and mules. In general, sheep chew 
their feed the most efficiently of all the 
larger farm animals. As a result, there is 
generally no advantage in grinding grain 
or other seeds for them, except in the 
case of seeds that are unusually small or 
hard. 

89. Fineness of grinding. — Grain 
should not be ground so fine that it is 
dusty and floury, but instead it should 
be ground only medium fine. Extremely 
fine grinding not only takes much more 
power and time, but it generally makes 
the grain less palatable and may actually 
reduce its feeding value. 

In various experiments it has re- 


fineness. However, the utilization of the 
cracked grain is enough lower to make 
medium-fine grinding preferable. When 
grain screenings, which consist to a con- 
siderable extent of weed seeds, are fed 
to stock, many of the smaller seeds may 
pass through the digestive tract un- 
chewed and alive. Very fine grinding of 
such screenings is therefore desirable to 
prevent infesting the fields with weeds, 
through applying manure that contains 
live weed seeds. 

90. Rolling or crushing grain.— The 
relative merits of rolling or crushing 
grain, compared with grinding it, have 
been much discussed. In fitting stock for 
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show on a full feed of concentrates, many 
stockmen prefer rolled or crushed grain 
in- the mixture. This is because it is 
moreTiulky and may be less likely to 
cause digestive disturbances in such 
heavy feeding. Horsemen also often pre- 
fer rolled or crushed grain for feeding, 
as it is more bulky and may be less apt 
to cause colic. 

* For other classes of stock there is 
probably not much difference in the 
value of grain that has been rolled or 


for outdoor feeding and for use as sup- 
plements for stock on pasture or range, 
as there is less wastage from wind and 
weather than when a ground mixture is 
fed. Since a certain weight of feed takes 
up less space when pelleted, animals 
may eat more feed in pelleted form than 
if the same mixture is fed ground. 

Probably for this reason, broilers 
and young turkeys fed pellets may 
gain more rapidly and more efficiently 
than if fed the same mixture in mash 



The Scoop Shovel Method of Preparing Corn for Pigs 

Up to the usual market weights, pigs utilize ear corn or shelled com so efficiently that 
it does not pay to grind corn for them. ( From Iowa Station. ) 


crushed and that which has been 
ground. 

91. Pellets or cubes; crumbles. — 
Pellets or cubes are made by special ma- 
chines from mixtures of concentrates or 
of concentrates and ground roughages, 
using pressure, usually with the addition 
of steam. Alfalfa meal is often pelleted 
to reduce bulk and expense in shipment. 
Sometimes pelleted feeds are broken 
coarsely by machine to form ‘‘crumbles/’ 
Much interest is currently being shown in 
hay pellets or ‘wafers.” Such uses are 
discussed in the chapters dealing with 
the various classes of stock. 

Pelleted feeds are especially adapted 


form. The results have differed in the 
trials in which pellets have been com- 
pared with mash feeding for laying hens. 

Growing and fattening pigs may 
gain appreciably faster and require less 
feed per 100 lbs. gain when self-fed a 
pelleted ration than when fed the same 
mixture as meal. The difference is greater 
when there is a large proportion of bar- 
ley or oats in the mixture, than when 
com, which is more concentrated, is the 
chief grain. 

Several experiments have been con- 
ducted with fattening lajnbs to compare 
self-feeding a pelleted mixture of con- 
centrates and ground hay with self- 
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feeding or hand-feeding the same kind 
of ration. Considering all trials so far 
conducted, feed consumption increased 
while both gains and feed efficiency im- 
proved. The increase in feed intake is 
largely responsible for the results. With 
cattle, more variable and less dramatic 
responses are usually observed. If rough- 
age is of poor quality, pelleting gives bet- 
ter gains than if of good quality. A higher 
incidence of ruminal parakeratosis has 
been noted in lambs fed all-pelleted ra- 
tions. 

The cost of pelleted feed compared 
with ordinary rations largely determines 
the economy of this method of feeding. 

Experiments have shown that a pel- 
leted or coarse-textured concentrate mix- 
ture is no better for dairy cows jhan a 
mixture of ordinary fineness. (1052) 

92. Chopping or grinding hay or 
other roughage. — In the case of hay, 
stover, and straw, there are no hard 
seed coats to be broken. Consequently, 
the ordinary chewing by livestock tears 
the forage into particles' that can readily 
be penetrated by the digestive juices. 
Additional expense for chopping or grind- 
ing such roughage is therefore usually 
advisable only if it induces animals to 
eat coarse, stemmy portions that they 
would otherwise waste; or if they will 
consume a greater total amount of the 
roughage than when fed without the 
preparation. 

For cattle, sheep, or horses, chopped 
hay is decidedly preferable to ground 
hay, and coarsely chopped hay is better 
than hay chopped fine. Not only are 
much less time and power required to 
chop hay than to grind it, but also 
chopped hay is much more desirable. 
Ground hay is apt to be less palatable 
to stock, and it is often so dusty that 
it is disagreeable to handle. In addition, 
the fine grinding of hay does not in- 
crease its digestibility, and may even de- 
crease it.- 

It is shown later that where a suth- 
ciently large acreage of hay is made on 
a farm, handling it with a forage har- 
vester, or hav chopper, is a very eco- 
nomical method. (407) By this means, 
hay may often be stored at no greater 
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expense than for long hay. In chopping *" - 
the hay, the machine should be set sc> 
as to chop the hay into as long lengths.,# 
as is possible. 3 

In general, for dairy cows, beef cat- 
tle, sheep, and horses, it does not pay 
to go to extra expense to chop hay that 
is of good enough quality to be con- 
sumed with but little waste when fed^ 
long. If long hay is not fed in manger^ 
that prevent undue waste, there may be 
considerable saving in chopping it. For 
example, in the West fattening lambs are r 
commonly fed in open lots, and the al- 
falfa hay is frequently put on the ground, 
simply being rolled up against the fence 
of the feedlot. Under such conditions 
there is considerable wastage, and there- 
fore chopping tire hay and feeding it in 
a suitable rack or self-feeder makes a 
sufficient saving to justify the expense. 

If hay is coarse and stemmy or other- 
wise of poor quality, there may be more 
advantage from chopping than with hay 
of good quality. Not only will the wast- 
age" be reduced, but also the stock will 
usually eat a greater amount of such 
roughage if it is chopped. 

" If one has an abundance of hay but 
it is of rather poor quality, it may be best 
not to chop it for dairy cows or for fat- 
tening cattle or sheep, but to feed very 
liberal amounts of the uncut hay. The 
stock can then eat the finer and more 
nutritious parts and leave the coarse 
stems, which have a very low feeding 
value. The stems can be used for bed- 
ding, or else given to animals that are not 
being fed for production, such as stock 
cattle being carried through the winter 
for fattening later, or to idle horses. It 
must be borne in mind that the chop- 
ping or grinding of roughage does not 
change the chemical composition of the 
stemmy portion at all, nor convert it 
into a’ high-grade feed. 

In the case of com or sorghum 
stover, it usually pays to cut or shred it 
to lessen the refuse, and also because the 
waste is then much better for bedding. 
Cut, shredded, or ground stover or fod- 
der will heat or mold in storage unless 
thoroughly dry. For this reason, in humid 
districts such’ roughages frequently can- 





1 


61 


| i FACTORS AFFECTING THE VALUE OF FEEDS 

| % 

- ** not be kept for more than a few days, especially potatoes, field beans, and soy- 

even in cool weather. beans, which are much better for feeding 

| ’O <^ 3 , Mixing chopped or ground swine or poultry when the feeds are 
\ roughage with concentrates. — Claims cooked. Soybean oil meal that has been 

| have often been made that the value of properly cooked in the manufacturing 

a ration will be greatly increased if the process is also much superior to raw- 

roughage is chopped or ground and tasting soybean oil meal for swine or 

mixed with the grain or other concen- poultry. 

trates. In spite of these claims, experi- When grain with small or hard ker- 

! # ments have shown that such mixing of ne ^ s cannot conveniently be ground or 

the feed does not generally increase its crushed, it may be advisable to soften 

digestibility or its nutritive value. Farm & by soaking before feeding. Care should 

# animals have digestive systems which then taken that such soaked grain 
mix very thoroughly the feeds they eat. does not become stale by long standing. 

: However, in special cases the mix- Old com often gets hard and flinty in 

ing of roughage with grain may be de- summer and sometimes causes sore 

| sirable from other standpoints. For ex- mouths in cattle or other stock if fed 

ample, horses are apt to have colic if whole. It should then be ground or 

I fed a heavy grain, such as ground wheat soaked. 

or barley, as the only concentrate. Mix- Many farmers still feed ground 

ing with the ground grain a small pro- § ra * n and other meals to their hogs in 

portion of a bulky feed, such as chopped the form of slop, believing that slop- 

| or ground hay, ground oats, or wheat feeding produces much better results 

bran, will largely prevent the trouble, than dry-feeding. However just as satis- 

Fattening lambs which are self-fed a factory results are generally secured 

heavy feed, like com, often suffer from when the same feeds are given dry, and 

i digestive troubles. Mixing chopped or much labor and bother are saved. 

ground hay or some other bulky feed 95. Fermenting, pre-digesting, malt- 

with the grain aids in preventing such ing, or sprouting feeds. — From time to 

1 difficulties. time various processes of fermenting, 

| It is highly desirable, when pigs malting, or pre-digesting feeds have been 

* are not on pasture, that they get some exploited by clever promoters. Claims 

legume hay to provide vitamins A and have been made that these processes 

D. If legume hay, even of good quality, would save one-third to one-half the 

is fed uncut in a rack, young pigs will feed usually supplied livestock and 

frequently eat but little of it. It is there- would result in better production. Care- 
fore advisable to mix 5 per cent or more ful experiments have shown that these 
of chopped or ground legume hay in expensive methods of feed preparation 
their concentrate mixture in order to do not cause any saving in feed or re- 
force them to eat it. suit in greater production. 4 

Ground alfalfa meal or alfalfa leaf Some years ago, a method of sprout- 

meal is also commonly included in poul- ing grain for stock was advertised with 
try mashes as a vitamin supplement. extravagant claims of a great increase in 

94. Cooking feed; soaking feed; feeding value. However, experiments 

feeding slop —Many years ago it was showed that instead of a gain, there was 
firmly believed that cooking or steaming a loss of 25 per cent of dry matter in 
feed greatly increased its value. Careful the process. 5 Sprouted oats, which have 
experiments showed, however, that ex- sometimes been recommended as a cure 
cept in the case of the very few feeds for sterility in cattle, have not generally 

mentioned later, such preparation does proven beneficial. 

not increase the digestibility or feeding In Europe, methods of treating 

value. Instead there is a loss in most straw with- caustic alkali to make it more 

f instances. digestible have sometimes been used dur- 

| The only exceptions are a few feeds, ing shortages of other feed. (626) 
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II. Factors Influencing the 
Nutritive Value of Feeds 

96. Variations in the composition 
of feeds. — In computing rations for live- 
stock, it is important to know how much 
the actual composition of any particular 
lot of a given feed may vary from the 
average given in Appendix Table I of 
this volume or in similar tables. 

The following summary shows that 
the average figures for the composition 
of any feeding stuff are but approxi- 
mately correct when applied to a par- 
ticular lot of the feed. This is also true 
of any expression of its nutritive value, 
whether stated in terms of digestible nu- 
trients or of net energy. In other words, 
different lots of any feed vary in feeding 
value, the same as different samples of 
coal vary in fuel value. 

Owing to the expense of obtaining 
chemical analyses, it is out of the question 
for any but the most extensive feed- 
ers to have their particular feeds ana- 
lyzed. With the cereals and the rough- 
ages most stockmen must therefor e 1 ely 
on that average given in tables of di- 
gestible nutrients or of net energy values 
which corresponds most closely in his 
judgment to the feed at hand. 

' In purchasing commercial concen- 
trates it is now fortunately possible in 
most sections of the country to secure 
standard brands, whose composition is 
fully guaranteed by the manufacturer. 

97. Differences in water content— 
Obviously, the amount of moisture in 
grain or any other feed directly affects 
| s nutrient content. Of the cereals, corn 
commonly varies most in water content. 
Therefore separate averages are given in 
Appendix Table I for dent com of the 
various Federal grades, which are based 
largely on the water content. 

Such roughages as corn fodder, corn 
stover, sorghum fodder, and sorghum 
stover also vary widely in water. For ex- 
ample, analyses of corn fodder and corn 
stover show a water content ranging from 
over 50 per cent in field-cured material 
in wet seasons, down to 10 per cent or 
less in arid regions, or when cured un- 
der cover in a dry season. Corn fodder 


having only 10 per cent of water sup- L 
plies 80 per cent more nutrients per 10C> 
lbs. than does corn fodder that contains''- „ 
50 per cent of water! Separate averages 
are therefore given for very dry and for 
ordinary field-cure’d samples of these 
feeds in Appendix Table I. 

98. Differences in roughage com- 
position.— Roughages vary much more^ 
than most concentrates in composition. 
Their nutrient content may be greatly 
affected by the stage of maturity; the 
water content; the amount of plant food r 
in the soil, especially phosphorus, nitro- 
gen, and calcium; and in the case of hay 
or other cured forage, by weathering, 
shattering of the leaves, or leaching dur- 
ing curing. 

On account of the great differences 
in the composition of the same variety of 
hay or other forage, separate averages 
are given in Appendix Table I for the 
various grades or qualities of the most 
important roughages, wherever sufficient 
data are available. The effects of various 
factors on the composition and feeding 
value of pasturage and hay are discussed 
in some detail in Chapters XIII and XIV. 

It is there pointed out that there 
may be more actual difference in the 
feeding value of two lots,, of the same 
variety of hay than there is between hay 
of two entirely different kinds. For ex- 
ample, two loads of alfalfa hay may 
differ more in value than a load of al- 
falfa hav and another of timothy hay. 

The supply of mineral nutrients in 
the soil not only affects the yield of 
crops, but also in the case of forages it 
may have very important effects on com- 
position and nutritive value, 0 Also, proper 
fertilization may make pasture or hay 
more palatable to stock.* When only 
certain strips in a poor pasture aie feiti- 
lized, stock will usually graze down the 
fertilized strips before they eat the rest 
of the forage. This may chiefly be be- 
cause the fertilized plants are larger and 
more succulent. 

Pasturage or other forage grown on 
soil decidedly deficient in phosphorus is 
generally very low in phosphorus. 'Such 
forage . -may. ■ produce a serious deficiency 
• in livestock, unless the animals are sup- 
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plied with a phosphorus supplement. 
The application of a phosphorus ferti- 
lizer to such soils will not only greatly 
increase the yield of forage, but it will 
also generally bring the phosphorus con- 
tent of the forage up to normal levels. 8 

Deficiencies of calcium in forage 
crops are much less apt to occur than 
lacks of phosphorus. Even when grown 
Ido soil low in calcium, legume forage 
crops seem always to have a good con- 
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by the feeding of a mineral supplement, 
as explained in Chapter VI. 

Where there is a border-line defi- 
ciency in the soil of cobalt or another 
trace mineral nutrient, liberal fertiliza- 
tion with ordinary fertilizers is apt to 
decrease the trace mineral content in the 
forage. 0 This is because the available 
amount of trace mineral is diluted in the 
much greater amount of forage pro- 
duced. 



Roughages Vary Greatly in Composition 

The composition of a forage crop is greatly affected by the stage of maturity and also 
by the soil fertility. Young small-grain pasture, such as this, is rich in protein, on the dry basis, 
but hay made from small grains is relatively low in protein. 


tent of calcium, though the yield may be 
greatly decreased by the lack of this 
mineral nutrient. However, the percent- 
age of calcium in legume forage is gen- 
erally higher when grown on calcium- 
rich soil than when raised on land defi- 
cient in calcium. The calcium content of 
non-legume forages is usually consider- 
ably less on calcium-poor soil than on 
soil containing plenty of calcium. 

In a few areas the soil is so deficient 
in cobalt, copper, or iodine that very 
serious nutritional diseases are produced 
in livestock because of a lack of one or 
more of these “trace elements” in the 
forage. Such troubles can be prevented 


On soil very deficient in sulfur, fer- 
tilization with sulfur will not only greatly 
increase the yield of alfalfa and other 
legumes, but it will also improve the 
sulfur content and the feeding value of 
the forage. 10 

The protein content of forage crops 
is affected much more by the stage of 
maturity than by the supply of nitrogen 
in the soil. (359) At immature stages of 
growth most forage crops are much richer 
in protein than when more mature. 
Proper fertilization of pasture or hay 
land may greatly raise the protein con- 
tent of the forage, because it increases 
the proportion of clovers or other leg- 
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limes. Also, liberal fertilization with 
nitrogen not only decidedly increases 
the yield of grasses on nitrogen-poor soil, 
but also improves the protein content. 
(372) 

The increase in protein of grasses 
is greatest when nitrogen fertilizer is ap- 
plied not only early in the spring but 
also later in the season. On soil low in 
nitrogen, liberal fertilization with nitro- 
gen greatly increases the yield of corn 
and also improves the protein content 
of both the forage and the grain. 11 

It is fortunate indeed that proper 
fertilization not only increases the yield 
of pasture and other forage crops, but 
may also very decidedly improve the 
nutritive value. (383) 

99. Differences in composition of 
grains and other seeds. — Climate and 
crop variety are the most important fac- 
tors influencing the composition of the 
grains and other seeds. The yield of seeds 
may be greatly lowered because of a 
lack of plant food in the soil, but the 
percentage composition of the seeds is 
affected much less than with forage 
crops. Thus, a deficiency of phosphorus 
in the soil will reduce the percentage of 
phosphorus in grain much less than in 
forage crops. 

It is pointed out in Chapter XX that 
the varieties of hybrid corn commonly 
grown are definitely lower in protein 
than the open-pollinated varieties grown 
some years ago. ( 682 ) This is apparently 
due both to inherited difference in pro- 
tein content and to the greatly increased 
yield of hybrid corn. Unless hybrid corn 
is amply ’ fertilized with nitrogen, the 
percentage of protein in the large yield 
of grain is lowered by a lack of nitrogen. 

It is shown in Chapter XX that 
there is a wide variation in the percent- 
age of hulls in oats, and therefore in 
the fiber content and the feeding value 
of the grain. Oats with shrunken kernels 
may be fully one-half hulls, while there 
should not be over 30 per cent of hulls 
in grain of good quality. Barley also 
varies in percentage of hulls, though not 
so much as does oats. 

The protein content of wheat, oats, 
or barley is affected very materially by 


climate, and to a much smaller extent ^ 
by the variety and other factors. It is^ 
pointed out in Chapters XX and XXIV*/ 
that these grains are especially low in 
protein when grown in certain districts 
of the Pacific Coast region. Separate 
averages are therefore given in Appendix 
Table I for these grains from that section 
of the country. The protein content of 
wheat may be appreciably increased by* 
liberal fertilization with nitrogen. 12 

The composition of corn grain is af- 
fected by climate much less than that 
of the small grains, provided the crop 
matures. Fraps showed that under Texas 
conditions in seasons with abundant 
rainfall from January to June, the pro- 
tein content of corn is apt to be slightly 
less than in dry seasons. 13 

Samples of the same variety of com 
and wheat from the same region may 
vary 10 per cent and sometimes even 
more in content of protein or fat. There 
are much larger differences in the com- 
position of different varieties of com and 
wheat. 

The nitrogen-free extract is less vari- 
able than the protein or the fat. 

100. Differences in composition of 
by-product feeds. — Separate averages are 
given in Appendix Table I for the vari- 
ous grades of all important by-product 
feeds which vary to any marked extent 
in composition. Thus, averages are given 
for cottonseed meal, linseed meal, soy- 
bean oil meal, peanut oil meal, etc., con- 
taining various percentages of protein. 

In accordance with the feeding- 
stuffs laws in the various states, the by- 
product feeds are sold with definite pro- 
tein, fat, and fiber guarantees. (31) By 
comparing the guarantees for any lot 
of feed with the averages in Appendix 
Table I, one can find the approximate 
composition and the content of digestible 
nutrients in the feed. Feeds made by 
reliable manufacturers will usually have 
slightly more protein and fat and a little 
less fiber than stated in the guarantee. 
This practice is followed as insurance 
against any particular lot of the feed 
falling below the guarantee in protein 
or fat or coming above the guarantee in 
fiber. 
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if: 

Unfortunately, certain grades of tion only 30 per cent or less of the total 
^ meat scrap, tankage, and cottonseed meal feed she eats. It is of great importance 
4 / seem commonly to have slightly less pro- in practical stock feeding that this factor 
tein than is guaranteed by the manu- usually more than offsets the increased 
facturer. (Appendix Table I) digestibility and percentage utilization 

In general, by-product feeds sold of a scanty ration, 
with a definite guarantee of composition Even if a slight reduction from full 

will tend to vary decidedly less from the feeding causes a trifle better percentage 
average for the particular grade of the utilization of the ration, other factors 
*feed than do the grains or the common usually make liberal feeding more profit- 
roughages. able. Just as in the case of a factory 

101. Effect of amount of feed eaten, which is run below its normal capacity, 
— Experiments have shown that farm ^ ie overhead costs in stock feeding are 
animals usually digest a slightly larger greater when an animal is producing at a 
percentage of their feed when fed a low rate - For example, the expense per 
scanty ration than when they receive a pound of product for labor, for housing, 
full ration that includes a liberal allow- an ^ f° r interest on money invested are 
ance of concentrates. Also, there is even a11 m^h higher when the rate of produc- 
a greater difference in the percentage t* 011 is low. 

utilization in the body of the nutrients In certain cases it may be advisable 

from scanty and liberal rations. for other economic reasons to feed ani- 

When the ration contains a con- mals less g rain or otFer concentrates than 
siderable proportion of roughage, the normal. Thus, when grain is very high 
difference in digestibility of a liberal and in P rice in comparison with hay or other 
a scanty ration is not large. In tests with roughage, fattening cattle may return the 
cattle and sheep, from 3 to 9.5 per cent most profit if their allowance of grain is 
more of the dry matter in a mixture of reduced and they are fed all the rough- 
roughage and concentrates was digested a S e ^ e y eat * 

when the animals were fed only enough A g ain > may sometimes be most 

for maintenance than when they were profitable to fatten meat animals more 
fed liberally. 14 When fed hay alone or slowl y than usual > s0 as to have & em 
such a combination as hay and roots, ready for market at a time of the year 
ruminants may digest a full feed as com- when prices are usually high. These 
pletely as a scanty ration. 15 various matters are discussed in detail 

It might seem at first that tire feed- i n chapters of Part III. 
ing of a scanty ration would result in L is shown in Chapter XXXIV that 

more efficient production. However, an leaner carcasses and higher-quality bacon 
animal can use for the production of are produced if pigs are fed during the 

meat, milk, or work only the nutrients finishing period a somewhat limited 

consumed in excess of the amount needed amount of feed or else a ration higher 

for the maintenance of its body. There- than normal in fiber, 
fore, if it is fed scantily, it will have avail- I n most of the digestion trials that 

able for production only a small propor- have been conducted with cattle and 
tion of the total feed eaten. sheep to determine the digestibility of 

For example, a good dairy cow that various feeds, the animals have not been 
is well fed needs about one-half her f e d all they would eat. The amounts of 

feed merely to maintain her body. She feed have been restricted somewhat, as 

uses the remaining one-half for milk pro- otherwise they might not eat all the 
duction. If she is fed only two-thirds as feed that was weighed out, which would 
much feed, she will digest the scanty make it impossible to find the digesti- 
ration somewhat better, but she will still bility of the ration that had been fed. 
need about as much feed as before to For this reason the average digestion co- 
maintain her body. Therefore she will efficients given in Appendix Table I are 
probably have available for milk produc- undoubtedly slightly too high to show 
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the actual digestibility of feeds by lib- 
erally-fed dairy cows, fattening cattle, or 
fattening lambs. 13 Consequently, such 
stock will not secure from the various 
feeds quite so much digestible protein 
and total digestible nutrients as shown 
in Appendix Table I. 

The differences are only slight, how- 
ever, and these facts have been fully 
taken into consideration in the recom- 
mendations made in the Morrison feed* 
mg standards. Therefore rations for dairy 
cows, fattening cattle, and fattening 
lambs which are computed according to 
these standards and from the averages 
in Appendix Table I will be entirely satis- 
factory in practical livestock feeding. 

102. Effect of nutritive deficiencies. 
— Anv marked nutritive deficiency may 
seriously reduce the digestibility of 
the food. In the case of ruminants this is 
partly due to the fact that the cellulose- 
digesting bacteria in the rumen need 
ample supplies of nutrients for effective 
development and activity. As empha- 
sized in Chapter II, cellulose digestion 
in ruminants is much lowered if there is 
a lack in the food of protein or a pro- 
tein substitute, or of the essential min- 
erals. ( 45 ) 

Digestibility is also much reduced 
when a ration has too little protein in 
proportion to the amounts of easily di- 
gested carbohydrates. This is of great 
importance, for it is one of the reasons 
why a protein-poor ration is inefficient. 

One of the reasons why ruminants 
digest such rations poorly is that when 
there is a large proportion of easily di- 
gested carbohydrates, the bacteria in the 
rumen attack the more readily available 
starch or sugars instead of the resistant 
cellulose. Not only is the digestibility of 
the fiber consequently lowered, but also 
that of the protein and nitrogen-free ex- 
tract, for the unattached cellulose cell 
walls protect the proteins and carbohy- 
drates contained therein from the action 
of the digestive juices. If a sufficient 
amount of protein-rich feeds is added to 
balance the ration, the bacteria seem to 
be so stimulated that they attack the 
fiber of the food again. 

The extent of this loss is shown in 


a compilation made by the author of W 
the results of digestion experiments with 
cattle or sheep in which kafir grain was'*** 
fed in properly-balanced rations and in 
rations too low in protein. When fed in 
unbalanced rations, 100 lbs. of kafir sup- 
plied only 58 per cent as much digest- 
ible protein and 57 per cent as much 
total digestible nutrients as it did when 
fed in a balanced ration. Similar data* 
might be given for the other grains. 

In the case of mature fattening cat- 
tle or mature work animals, the actual 
needs of protein for body repair or the 
making of new protein tissues are very 
small, as is explained in later chapters. 
However, because of this depression of 
digestibility, it is economical to feed 
such stock somewhat more protein than 
is needed for their theoretical require- 
ments. These facts are fully taken into 
consideration in the Morrison feeding 
standards, (Appendix Table III.) 

The depression of digestibility 
caused by a lack of protein occurs with 
ruminants when the nutritive ratio is 
wider than about 1:8 or 1 : 10, but 
with swine the nutritive ratio may be 
even wider before digestibility is affected. 

The decrease in the digestibility of pro- 
tein on a ration low in protein is more ap- 
parent than real. The addition of non- 
nitrogenous food to a ration causes a greater 
excretion of protein in the feces. The amount 
of this additional loss depends chiefly on the 
amount of food added. This larger excretion 
of protein may consist chiefly, not of undi- 
gested protein, but of protein that has been 
assimilated and then excreted as a waste. 
However, from the practical standpoint, the 
additional wastage of protein is just as truly 
a loss as though it represented solely a de- 
crease in actual digestibility. 

In conducting digestion trials to deter- 
mine the digestibility of feeds that are rich 
in easily-digested carbohydrates, but low in 
protein, it is exceedingly important to add a 
sufficient amount of protein supplement to 
the ration to prevent any depression of di- 
gestibility. This is well shown in experiments 
by Holdaway and associates of the Virginia 
Station . : 10 In previous digestion trials made 
by various investigators, the protein in apple- 
pomace silage, which is very low in protein 
and very high in easily-digested carbohy- 
drates, was apparently not digested to any 
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' : appreciable extent. On the other hand, in the 

Virginia tests when a sufficient amount of 

* , protein supplement was included in the ra- 

I tion, along with the pomace silage, 37 per 

j cent of the protein in the silage was di- 

; gested, and the digestibility of the nitrogen- 

free extract was also slightly increased. 

103. Effect of proportion of other 
^nutrients. — The addition of more than 0 a 
‘I* small amount of molasses or of sugars in 

some other form to a well balanced ra- 
tion for ruminants may slightly decrease 

* the digestibility, especially of protein. 17 
This is apparently because the bacteria 
in the rumen tend to attack the sugar 
instead of the fiber and other more re- 

f sistant carbohydrates in the rest of the 

^ ration. The results secured from the ad- 

| dition of molasses to practical rations for 

I various classes of stock are discussed in 

! detail in Chapter XXIII. 

The addition of fat to a ration does 
not generally increase the digestibility 
of the other constituents. 18 It has been 
found that feeding cattle more than 1 
lb. fat per 1,000 lbs. weight or feeding 
pure fat or oil in unemulsified form may 
cause digestive disturbance. The effects 
of different amounts of fat in rations for 
the various kinds of stock are discussed 
in later chapters. 

The addition of salt to a ration does 
not affect digestion, even when a large 
amount is added. 19 The salt needs of 
farm animals are treated in later chap- 
ters. 

In a New Hampshire experiment 
the addition of an excessive amount of 
ground limestone lowered the digestibil- 
ity of silage for dairy heifers, but a nor- 
mal amount did not have this effect. 20 

The addition of dilute acids, such as 
lactic acid (the chief acid in sour milk 
} and in silage) or of sulfuric acid, does 

not influence digestibility. This is im- 
portant because silage contains consid- 
erable free acid. 

Adding fiber to a ration reduces the 
apparent digestibility of the protein, but 
not its actual digestibility. 21 (102) 

104. Associative action of feeds. — In 
; some digestion experiments certain feeds 

have been more digestible when fed in bal- 
anced rations with certain other feeds than 
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when fed in other well-balanced combina- 
tions. 22 The term “associative action” has 
been applied to these effects. 

Opinions differ as to the importance of 
such differences in practical stock feeding 
when well-balanced rations are fed, because 
some investigations have shown no differ- 
ences of this kind, or only very slight ones. 23 

105. Effect of other factors in feed. — 

If green forage is cured without waste and 
in a manner to prevent fermentation, the 
mere drying does not appreciably lower its 
digestibility. Ordinarily, however, losses of 
some of the finer and more nutritious parts 
occur in curing forage. Also, fermentation 
and leaching cause changes which lower di- 
gestibility and decrease the content of nu- 
trients. (See Chapter XIV.) Furthermore, 
more energy is required in masticating dry 
forage and passing it through the digestive 
tract than in the case of green, forage. These 
facts explain why green forage is somewhat 
more digestible and commonly gives better 
results than dry forage. The long storage of 
fodders, even under favorable conditions, de- 
creases both their digestibility and payabil- 
ity. In the making of brown hay, as is pointed 
out in Chapter XIV, heavy losses of nutrients 
occur. 

A comparison of the digestion coeffi- 
cients for various kinds of silage with those . r 

for the green forages from which the silage ; 

was made, shows that ensiling tends to de- 
crease rather than increase the digestibility. 

The exceedingly favorable results from silage 
feeding are therefore due to the palatability 
of the silage, to its beneficial effect on the 
health of the stock, and to the fact that less 
feed is wasted than when dry fodder is fed. 

If a feed is heated to an unduly high 
temperature in a manufacturing process, the 
digestibility may be considerably decreased, 
especially that of the protein. The value of 
grain damaged by fire will depend on the ex- j 
tent of the damage. 24 Badly charred grain | 
has little value, while that damaged by 
smoke may be nearly equal to sound grain, 
except in palatability. j 

Grain damaged by frost is usually higher 
in fiber than normal grain and is conse- 
quently less digestible and of somewhat 
lower feeding value. 25 

The digestibility of a few feeds is in- 
creased markedly by cooking, especially for 
swine and poultry. As is pointed out in later 
chapters, this is the case with beans, soy- 
beans, and potatoes, 

106. Effect of miscellaneous factors. — 

Cattle and sheep digest most kinds of feed 
equally well, but such low-grade roughages 
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as straws, which are very high in fiber, are 
digested somewhat better by cattle than by 
sheep. 26 In Pennsylvania experiments there 
was no marked or consistent difference in the 
digestibility of the same mixture of hay and 
concentrates by dairy cows and by sheep, 
when they were fed at a similar level above 
their maintenance requirements. 27 

Horses and pigs digest less fiber than 
do ruminants, in whose paunch the coarse 
feeds undergo special preparation and diges- 
tion, The richer the feed, the more nearly 
do the digestive powers of horses approach 
those of other farm animals. Swine digest 
concentrates fully as well as do ruminants, 
but make only small use of the fiber. Poultry 
digest fiber to a much less extent than do 
ruminants. 

In general, age does not, in itself, in- 
fluence digestibility, though young farm ani- 
mals cannot utilize much roughage until 
their digestive tracts are developed. The di- 
gestive power of old animals is often indi- 
rectly impaired by poor teeth, which make 
the proper chewing of their food impossible. 

Breed does not influence digestibility. 
Individual animals may, however, show con- 
siderable difference in their ability to digest 
the same ration, though ordinarily the di- 
gestibility of a given ration by different ani- 
mals of the same kind will not vary by more 
than 3 to 4 per cent. 

Neither the frequency of feeding, the 
time of watering, nor the amount of water 
drunk (within reasonable limits) appears to 
influence digestibility. 28 Moderate exercise 
tends to increase digestibility, but excessive 
work lowers it. 29 

The flow of saliva and the other diges- 
tive juices is checked by fright. On the other 
hand, kind treatment and portability of food 
should favorably influence digestion. Under 
skillful care animals show remarkable relish 
for their food, and it is reasonable to con- 
clude that better digestion results. 

QUESTIONS 

1. What general principles determine 

whether or not it will pay to grind or 
crush a certain kind of grain for a par- 
ticular class of stock? 

2. To what degree of fineness should grain 

ordinarily be ground for stock feed- 
ing? 

3. What are pelleted or cubed feeds and 

when may they be advantageous? 

4. Discuss the chopping of hay or other 

roughage for livestock; the grinding of 
hay or other roughage. 


5. Under what conditions may it be wise ^ 

to mix cut or ground roughage with ^ 
concentrates? 

6. Discuss the cooking of feed for "cattle; 

for swine. 

7. When would you soak feed for stock or 

feed slop to pigs? 

8. What have experiments shown concern- 

ing any benefit from fermenting, pre- 
* digesting, or malting feeds, or sprout - r 
ing grain? 

9. Give an example of the effect of a dif- 

ference in water content on the value 
of a feed, 

10. What factors affect the composition of 

roughages? 

11. Discuss the effect of soil fertility and of 

climate on the composition of grain 
and other seeds. 

12. Which tend to vary more in composi- 

tion — by-product feeds of guaranteed 
composition or grains and common 
roughages? 

13. Discuss the effect of the amount of feed 

eaten on its utilization. Should dairy 
cows or fattening stock be fed scant- 
ily, in order that they will digest their 
rations most completely? 

14. What is the effect upon digestibility of 

having too little protein in a ration? 
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CHAPTER V 

PROTEINS— FATS— CARBOHYDRATES 




I. Proteins in Livestock Feeding 

107. Importance of proper amount 
and kind of protein. — It has long been 
known that all animals must receive in 
their food at least a certain minimum 
amount of protein. More recently, inves- 
tigations have shown that for man and 
for such animals as swine, poultry, dogs, 
and rats, the quality or kind of protein 
is fully as important as the amount. The 
quality of protein in rations is therefpie 
discussed in detail in the pages that fol- 
low. 

The general requirements of pro- 
tein for various body functions are con- 
sidered in Chapters VIII to X, and 
further information on the requirements 
of each class of stock is presented in 
Part III. The amounts of digestible pro- 
tein advised bv the author for the differ- 
ent classes of stock are shown in the 
feeding standards presented in Appen- 
clix Table III. 

In estimates of the minimum 
amounts of protein required by faim 
animals, such as are given in feeding 
standards, it is assumed that typical 
rations are fed, which provide protein 
of average quality. If the protein is of 
superior quality, a somewhat smaller 
amount will suffice. On the contrary, if 
the protein is of inferior nutritive value, 
a greater amount will be needed, and 
even then the production of the animals 
will generally be lowered, in spite of the 
liberal supply of the inefficient protein. 

It has been explained in Chapter I 
that crude protein , called merely pro- 
tein generally in this book, includes all 
the nitrogenous compounds in feeds. 
(18) It is determined by finding the per- 
centage of nitrogen and multiplying this 
by 6.25. (24) To distinguish the sub- 
stances which are actually protein from 
the simpler nitrogenous compounds, the 
term true protein is used. 

70 


108. Effect of an excess of protein. 
Protein-rich feeds are generally more ex-^ 
pensive than those which are low in pro- r 
tein but rich in carbohydrates and fat. 
In practical livestock feeding we are 
therefore commonly interested only in 
knowing the minimum amounts of pro- 
tein that farm animals require for the 
best results. 

However, protein-rich feeds may 
sometimes be cheaper than carbohydrate- 
rich feeds. This is often the case, for 
example, with cottonseed meal in the 
South and with alfalfa hay in certain 
sections of the West. The question then 
arises as to how much protein farm ani- 
mals can be fed without ’ injury. This 
problem is of especial interest because 
an excessive amount of protein throws an 
increased load on the liver and kidneys, 
which must excrete the surplus nitrogen. 

Experiments have shown that there 
is no danger from feeding farm animals a 
considerably larger amount of protein 
than they actually require. As shown in 
Chapter XXII, dairy cows have been fed 
cottonseed meal, which is very rich in 
protein, as the only concentrate without 
injurious results, if they had plenty of 
vitamins and minerals. Pigs have made 
normal gains and remained in good 
health on rations containing 80 to 42 
per cent of total protein. 1 

It is shown in Chapter II that al- 
though protein has considerably more 
gross energy than do carbohydrates, it 
does not furnish any more net energy. 
(78) For this reason, when a larger 
amount of a protein-rich supplement, 
such as soybean oil meal or cottonseed 
meal, is fed than needed to balance the 
ration, the excess amount is worth no 
more and often a little less than corn or 
other grain. 

It was formerly believed that an ex- 
cess of protein would increase the heat 
production in the body, and thus lower 
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the net energy value of an entire ration. 
Protein-rich diets were therefore con- 
sidered unsuited for hot weather. How- 
ever, in actual experiments an excess of 
protein has not had this effect. 2 The ex- 
cess amount of nitrogen was merely ex- 
creted in the urine, and did not increase 
the heat production. 

t In the case of young animals that 
are growing and fattening, the feeding 
of a ration very high in protein may 
tend to make them grow more rangy 
and to lay on less fat than if fed rations 
lower in protein. 


and thus be used in place of carbohy- 
drate food. 

Certain of the simpler amino acids 
can be made in the bodies of animals, 
either from some of the more complex 
amino acids or by combining ammonia 
or other simple nitrogenous compounds 
with organic acids formed from other 
food nutrients. However, the body is not 
able to synthesize several of the more 
complex amino acids in the body tissues, 
and these must therefore be provided 
from the proteins of the food. In certain 
cases the body may be able to make 



Quality of Protein May Be as Important as the Amount 

Animals n€?ed not only plenty of protein in their food, but also protein of the right kind 
or quality. The pig on the left received plenty of protein, but his ration consisted of only 
grain and grain by-products, supplying protein of poor quality. The pig on the right, which 
is of the same age, received a ration of grain plus skimmilk, which supplied protein of good 
quality. ( From Hart, Wisconsin Station.) 


109. Essential amino acids. — It has 
been explained in Chapter I that pro- 
teins are exceedingly complex substances, 
made up of 24 or more different amino 
acids. In the digestion of food, the pro- 
teins are split into these amino acids, 
which are absorbed from the digestive 
system and enter the blood stream. 

The mixture of amino acids is then 
carried in the blood to the various body 
tissues, where each organ or tissue takes 
the quantities of the different amino 
acids that it needs for its repair or func- 
tioning. As has been explained previ- 
ously, the nitrogen is split off from the 
excess amino acids by the liver and this 
waste nitrogen is excreted in the urine 
by the kidneys. (51) The non-nitroge- 
nous residue from the amino acids can 
be converted into glucose and glycogen 


small amounts of an amino acid, but not 
enough to permit rapid growth. 

The amino acids which cannot be 
made in the body from other substances, 
or which cannot be made in sufficient 
amounts, are called the essential amino 
acids. 

Protein for the growth of protein 
tissues of the body or for such purposes 
as the production of milk cannot be 
made by an animal unless it has an ade- 
quate supply of each of the essential 
amino acids. A shortage of a single one 
will limit the use of all the others, and 
therefore reduce the efficiency of the 
entire ration. 

For example, let us suppose that an 
animal is building protein tissues that 
contain 5 per cent of a certain essential 
amino acid. However, the mixture of 
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amino acids furnished by the food con- 
tains only 1 per cent of this same amino 
acid. Five times as much food protein 
will then be required to form a given 
amount of body protein, as would be 
needed if the food protein supplied the 
same percentage of this essential amino 
acid as there was in the body tissue. 

The nutritive value of a protein is 
not affected if it is deficient in one of 
the non-essential amino acids. Thus* 
casein, the chief protein of milk, is a 
protein of high nutritive value. Neverthe- 
less, it has very little glycine, which is 
the simplest in structure of all the amino 
acids and is readily made in the body 
from other sources by most animals. 

110. Determining which amino 
acids are essential. — Many experiments 
have been conducted with laboratory 
animals fed rations of highly purified 
nutrients to determine which of the 
amino acids are essential. In some of 
these investigations the only source of 
protein has been purified protein or arti- 
ficially digested protein, which was 
known to be lacking in one or more 
amino acids. In other experiments mix- 
tures of pure amino acids have replaced 
all the food protein. 

The pioneer investigations to deter- 
mine which amino acids are essential 
for animals were by Rose at the Uni- 
versity of Illinois with young rats. Later 
studies have been conducted with human 
beings, with chicks, with young pigs, and 
with dogs. 

In the experiments by Rose it was 
found that the following 10 amino acids 
are essential for the growth of rats: ar- 
ginine, histidine, isoleucine, leucine, ly- 
sine, methionine, phenylalanine, thre- 
onine, tryptophan, and valine. 8 

A supply of arginine in the food is 
not needed for maintenance or for slow 
growth of rats, but they cannot synthe- 
size this amino acid rapidly enough in 
their bodies to permit normal growth. 
Cystine, one of the two sulfur-containing 
amino acids, was formerly considered 
essential, but it has been found that 
cystine is not needed if the ration has 
enough methionine, the other sulfur- 
containing amino acid. Methionine is es- 


sential for growth. It can be replaced 
partially, but not entirely, by cystine. ^ 

Recently, the amounts of nearly all * 
of the essential amino acids required by 
chicks and young pigs have been ascer- 
tained in careful experiments, which are 
summarized in Chapters XXXIV and 
XXXVI. 

' 111. Differences in amino acid re v 

quirements. — The requirements of ani- 
mals for the various amino acids differ, 
depending on the kind of animal and 
also on body function. Certain amino < 
acids that are necessary for growth are 
not essential for merely maintaining a 
mature animal. For example, it has al- 
ready been mentioned that arginine is 
necessary for normal growth of rats, but 
not for mere maintenance or for slow 
growth. Apparently, some of the other 
amino acids which are needed by rats 
for growth are not required for main- 
tenance. 

This can be explained by assuming 
that in the small daily breakdown and 
repair which takes place in the protein 
tissues of the body, entire protein mole- 
cules are not destroyed, but only certain 
groups split off. Then, the needs for 
maintenance would not involve building 
entire proteins, but only replacing these 
more simple groups. 

The amino acid requirements of 
swine and dogs are similar to those of 
rats. Chicks need not only the 10 amino 
acids that are essential for rats, but also 
glycine (the simplest amino acid) and 
probably also glutamic acid. 

So far is is known, the amino acid 
requirements for milk production resem- 
ble those for growth. 

With the exception of glycine (the 
simplest amino acid), the amino acids 
can be in two forms— the l- form and 
the d- form. In proteins, only the in- 
forms occur, and in the case of most of 
the amino acids, these are the only form 
which can be utilized by animals. The 
d- form of tryptophan can be used to a 
limited extent. 

Certain of the amino acids have 
been synthesized chemically, and some 
of these are now being made commer- 
cially. In most cases, these are mixtures 
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* of both forms of the amino acid. The 
use of tKe synthetic amino acids as sup- 

* pleme^ts to rations is discussed in the 
chapters dealing with the respective 
classes of farm animals. 

112. Requirements of ruminants 
and horses much more simple. — Fortu- 
nately, ruminants and horses have much 
♦more simple requirements for protein 
than do rats, dogs, pigs, chickens, or 
man. This is because the bacteria and 
other micro-organisms which are so im~ 

* portant in the digestion of fiber by these 
animals are able to use for their food 
very simple nitrogenous compounds, 
which the animals could not themselves 
use at all. 

The bacteria build these simple 
forms of nitrogen into complete pro- 
teins in making the cells of which they 
are composed. Then, further on in the 
digestive tract of the ruminant, these 
bacterial cells are digested, and the pro- 
tein that has been made by the bacteria 
is thus made available to the animal. 

Experiments have proved that all 10 
essential amino acids can be thus made 
by the rumen bacteria from simple forms 
of nitrogen in the food. 4 Therefore the 
bacterial protein may provide all of the 
essential amino acids, even though they 
are lacking in the feed which the rumi- 
nant eats. A similar action occurs in the 
caecum and colon of the horse. 

For this reason, in the feeding of 
dairy cows, beef cattle, sheep, and horses, 
much less attention need be given to the 
kind or quality of protein in the ration 
than is needed in the feeding of swine 
or poultry. As is shown later, even such 
simple substances as urea can be used 
satisfactorily to replace a considerable 
part of the protein in feeding dairy cattle 
and beef cattle. For the first few weeks 
after birth, before the rumen has devel- 
oped sufficiently, young ruminants need 
protein of good quality that supplies the 
essential amino acids. 

Another reason why the quality of 
protein is usually not of major impor- 
tance in feeding dairy cattle (except 
young calves raised on a minimum 
amount of milk) and in feeding beef 
cattle, sheep, and horses, is that a large 
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part of their rations generally consists 
of roughage. The quality of protein in 
good pasturage, hay, or silage is superior 
to that in the cereal grains, which often 
form most of the rations for swine and 
poultry. 

113. Other nutritive essentials in 
protein. — In some of the nutrition ex- 
periments with rats and mice, used as 
test animals, growth has not been so 
rapid on mixtures of pure amino acids, 
substituted for protein, as on a diet con- 
taining natural protein. It therefore 
seemed that some other necessary factor 
besides the known essential amino acids 
was supplied by food protein. 5 This fac- 
tor has been called “strepogenin,” and 
may have been certain peptides, which 
are combinations of amino acids that are 
simpler than protein. j 

In recent Wisconsin experiments, ; 

however, entirely normal growth of rats 
was secured on a diet in which an im- j 

proved mixture of pure amino acids fur- j 

nished all the nitrogen. 6 On the other 
hand, in trials with chicks and laying 
hens, it has not been possible to secure 'j 

satisfactory results on a mixture of pure ! 

amino acids as a substitute for all the 
protein. 7 The question as to whether f 

food protein supplies some other essen- 
tial than amino acids is therefore still un- f 
solved. 1 

114. Quality of protein; supple- 
mentary effect. — Many of our common 
feeds contain too small amounts of one 
or more of the essential amino acids to (s 
produce good results when used as the 
only source of protein for such animals as J 

swine or poultry. On the other hand, a I 

few feeds, such as milk, eggs, and meat, j 

supply the various amino acids in very j 

nearly the proper proportions for com- 
plete utilization. I 

Feeds or rations that furnish insuffi- j 

cient amounts of any of the essential 
amino acids are said to have protein of I 
poor quality. Those which have the 
proper proportions of all of the essential 
amino acids are said to supply protein 
of good quality. I 

Fortunately, the feeds that have 
proteins of poor quality are not all de- 
ficient in the same amino acids. For thi£ 
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reason the proteins in two feeds, each 
of which furnishes poor-quality protein 
when fed alone, may supplement each 
other in a very important manner. For 
example, the quality of protein in corn 
grain is poor because com protein is low 
in lysine and tryptophan, which are two 
of the essential amino acids for such ani- 
mals as swine and poultry. As is shown in 
later chapters, tankage, a meat bv-prod- 
uct, is an effective supplement to corn 
in feeding swine and poultry. This is true 
even though the quality of protein in 
tankage is low when it is fed as the only 
source of protein. (Much of the protein 
in tankage consists, not of meat tissue, 
but of protein in gristle, connective tis- 
sue, and bones, which is of poor qual- 
ity. ) 

Another good illustration of the sup- 
plementary effect of proteins is the man- 
ner in which milk corrects the deficien- 
cies in the proteins of the grains. Milk 
is able to correct the lacks in grain pro- 
tein, because it is rich in lysine, which 
is low in all the grains. Also, it is rich in 
tryptophan, which is deficient in the 
protein of corn and some other grains. 

The manner in which milk makes 
good the deficiencies in com protein is 
shown by Wisconsin experiments in 
which young pigs were feci rations con- 
taining" protein from various sources. 
When pigs were fed only wheat, corn, 
or oat grain, they stored in their bodies 
but 23 to 28 per cent of the total protein 
in their feecl. s On the other hand, when 
skimmilk was the sole source of protein, 
they were able to store 66 per cent of 
the protein supplied by the milk. 

A mixture of one-third each of corn, 
wheat, and oats was only a trifle better 
than anv one of the cereals alone, for 
they are all deficient in lysine. However, 
when pigs were fed 1.3 lbs. of skimmilk 
to each pound of corn, they made 62 
per cent of the total protein in their 
feed into body tissues. The milk was 
thus rich enough in lysine and trypto- 
phan to make the combination of corn 
and milk nearly as efficient as milk, 
which is often called the ideal food. 

This well shows that it is unneces- 
sary for each feed in a ration to furnish 


protein of high quality. All thal^is needed *** 
is a sufficient amount in the entire ration 
of each of the essential aminq^cids. 

115. Effect of excessive heating; of 
long storage. — Too much heat in a man- 
ufacturing process injures the quality of 
protein in feeds by destroying or mak- 
ing unavailable certain amino acids, es- 
pecially lysine, tryptophan, arginine, anct 
histidine. 5 It is pointed out in Chapter 
XXII that although the value of soybean 
oil meal for non-ruminants is decidedly 
improved by thorough cooking, too high # 
heating injures it. (793) Also, the flame- 
drying of such a by-product as fish meal 
decreases the value of the protein, in 
comparison with drying at a lower tem- 
perature. (917) In * the commercial dry- 
ing of grain, too high a temperature re- 
duces the protein value. 10 

The decrease in value of grain dam- 
aged in elevator or other fires will differ 
widely, depending on the actual amount 
of damage by heat or charring, or by 
water with subsequent molding. In some 
cases such grain may be worth nearly as 
much as sound grain, and in others it 
may have little value. 

The storage of well-dried corn or 
wheat for as long as 2 to 3 years did 
not appreciably lower the value of the 
protein in Illinois tests, but storage for 
only a year definite!}' reduced the digest- 
ibility ’and availability of the protein 
in soybean seed. 11 In trials by the United 
States Department of Agriculture with 
various lots of corn stored as long as 6 
years, in some cases the efficiency of 
the protein was much reduced, but not 
in others. 12 

116. Time factor in protein supple- 
mentation. — Recent studies indicate that 
for certain animals the feeding of a pro- 
tein supplement some hours after the 
other feed is eaten may reduce the effec- 
tiveness of the supplement. 13 This could 
be explained as follows: If the animal 
is fed corn every clay, but is fed a pro- 
tein supplement only every other day, 
there will be in its body a deficiency of 
lysine and tryptophan during the day 
in which no" supplement is fed. The 
other amino acids resulting from the di- 
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*** gestion o#the com can therefore not be information has been obtained which 
used ef&tivejy and they cannot be shows approximately the content of the 

•stored^iwth^ body until the next day. different essential amino acids in some 

There is consequently an increased wast- of the most important concentrates. But 
age of amino acids through deaminiza- little such data is available for roughages, 
tion. ( 51 ) except for alfalfa meal. 

Experiments with young rats have Appendix Table X states the ap- 

shown that delaying for several hours proximate percentage of certain amino 
the feeding of an amino acid which was acids in some of the most important 

^deficient in the diet, decreased the for- feeds, so far as data are available. Such 

mation of protein tissue iti the body. This ihformation is helpful in formulating 
time factor may be less important in the efficient rations for pigs and poultry, as 

* feeding of livestock, because of the it shows how feeds can be combined to 

longer time the food remains in the di- meet the known requirements for the 
gestive trafct In a Nebraska experiment different essential amino acids, 
a 24-houi delay in giving the protein 118. Measuring the values of pro- 

supplement to young pigs fed corn did tein in feeds.— Because of the difficulty 
not decrease the growth or the forma- [ n determining accurately the amounts of 

tion of protein tissue. 1 ' 1 A still longer de- each 0 f the essential amino acids in a 

lay in feeding the supplement was ap- feed, the information concerning the nu~ 
preciably detrimental. . tritive value of various feeds as sources 

__ However, it is shown in Chapter 0 f p ro tein has been gained chiefly 
XXVIII that in Kansas trials the gain was through practical feeding experiments. A 
much less when young beef cattle being great number of experiments of this kind 

wintered on mature range pasture were are summarized in Parts II and III of 

fed a double allowance of protein sup- this book. 

plement every other day to save labor, I n such investigations the animals 

instead of the normal amount each are f ec ] rations in which various protein 
da y* supplements or mixtures of feeds are di- 

117. Amino acid content as a meas- rectly compared, and the production on 
ure of value.— Until recently, it was not each ration carefully determined. Care 
possible to ff rid ^accurately the percent- must be taken to make sure that the 
ages of the various amino acids in feeds, experimental rations fully meet all the 
because the carbohydrates interfered requirements for energy, minerals, and 
with the determinations. Information vitamins. Otherwise, the utilization of 
could therefore be secured only on the the protein will be decreased by a lack 
amino acid content of pure proteins, such of other nutrients. It is just as important 
as com zein, which had been extracted that no more protein be fed than is actu- 
from the grain and purified. ally needed, or some will be wasted. 

Fortunately, methods have now In experiments in which it is desired 

been developed for determining the con- to compare the value of the protein in 
tent of the different amino acids in entire various rations, each ration must have 
feeds. After the protein in the feed is the same percentage of protein. This is 
broken down as completely as possible because the percentage efficiency with 
by digestion with acid or otherwise, the which protein is used depends on the 
percentages of the various amino acids level of protein in the ration, 
are found. For most of the amino acids, This principle is of great importance 

the rapid microbiological method is in practical feeding experiments. If two 
used, in which the amount of an amino protein supplements are being compared 
acid is determined by the rate of growth which contain considerably different per- 
of certain bacteria which require the centages of protein, correspondingly less 
particular amino acid. of the supplement richer in protein 

As yet, the results secured by vari- should be used, 

ous investigators differ appreciably, but If enough of the low-protein supple- 
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meat is fed to balance the ration in pro- 
tein content and the same amount of the 
high-protein supplement is included in 
the other ration, it should be evident that 
there will be an excess of protein in the 
latter ration. Part of the high-protein sup- 
plement will then be wasted, so far as its 
use as a protein supplement is concerned. 
On the other hand, if just enough of 
the high -protein supplement is used to 
balance one ration and no more of the 


This is the percentage of thel digested 
protein that is used for both maintenance 
and growth. In such an expedient, the 
feces and the urine voided by tfie ex- 
perimental animal are carefully collected 
and analyzed, so as to find the amount 
of protein stored in the body. 

In this method a protein that was 
used with perfect efficiency for main- 
tenance and growth would have a bio- # 
logical value of 100 per cent. Few feeds 



Determining Nutritive Value of Protein in Rations 

Experiments are being conducted with lambs in these metabolism cages to determine 
the nutritive value of the protein in different rations. The feed is accurately analyzed and 
weighed, and all feces and urine are collected and analyzed. (From Cornell University.) 


low-protein supplement is included in 
the other ration, the latter will not supply 
enough protein for optimum results. 

Therefore, whenever this fundamen- 
tal principle is neglected, either one or 
the other of the rations will be made less 
efficient than it should be, solely be- 
cause the experiment was not properly 
planned. Unfortunately, this simple prin- 
ciple has not been considered in cer- 
tain of the comparisons that have been 
made of protein supplements. 

1 19. Biological values; other meas- 
ures of protein quality. — The most com- 
mon laboratory method of measuring the 
nutritive value of the protein in a ra- 
tion is to determine the biological value . 


even approach this theoretical efficiency, 
and a value of 90 per cent or more 
proves that the protein in a feed has an 
unusually high efficiency. Biological val- 
ues of 75 to 90 per cent indicate that 
the protein is considerably better than 
average. 

In such metabolism experiments the 
results can also be stated in terms of the 
percentage of total protein or of digest- 
ible protein that is stored by the ani- 
mal. In similar tests with lactating ani- 
mals, one can find the percentage of 
food protein that is secreted in the milk. 

The “gross protein value” method 
has been used at the Washington Station 
to find the relative value, in comparison 
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% ' with casern, of various protein supple- 
ments f|r balancing a base diet made 
1 up of id |n grains, mill feeds, and alfalfa 
meal. 15 

In the carcass analysis method, used 
sometimes in experiments with labora- 
tory animals, the amount of protein 
stored in the body on each ration is de- 
termined by analysis of the carcasses of 
"animals fed the ration, in comparison 
with the analyses of similar animals 
slaughtered at the beginning of the 
„ trial 

A chemical method sometimes used 
to measure the quality of protein in vari- 
ous protein supplements is to digest the 
feed in a solution of pepsin or other en- 
zymes and hydrochloric acid. 16 The por- 
tion not digested is considered valueless. 
This method seems to be useful for fish 
meals and packing-house by-products, 
but is less reliable for other feeds. 

120. Protein of cereal grains and 
by-products. — Since the cereal grains 
and their by-products form such a large 
part of the concentrates fed farm ani- 
mals, it is essential that the nature of 
their protein be thoroughly understood. 
When fed as the only source of protein, 
the grains all fall decidedly below such 
a food as milk in quality of protein. 

The results have differed consider- 
ably in the experiments to compare the 
quality of protein in the various grains, 
when " furnishing all or nearly all the 
protein in the ration. Generally, the 
protein of corn has been less efficient for 
growth than the protein of barley, oats, 
or wheat. Also, com generally has con- 
siderably less protein than these other 
grains. All of the grains are low in lysine, 
and corn and milo are deficient in trypto- 
phan as well. 

When the cereal grains have been 
fed to pigs, chicks, or rats as the only 
source of protein, the biological value 
of the protein has usually ranged be- 
tween 60 and 70 per cent when the ra- 
tions have had 8 to 10 per cent protein. 
In comparison with this, the protein in 
milk has generally had a biological value 
of 85 to 90 per cent or more. Highly- 
milled flour made from the cereals, such 
as patent wheat flour, has somewhat 
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poorer quality protein than the entire : 
grain. 

No good stockman feeds his animals ■ 

grain alone. In livestock feeding the im- 
portant question is therefore how the de- 1 

ficiencies of the protein of the grains can ) 

be corrected by proper combination with 
other feeds. It has been previously j 

shown that milk effectively makes good J 

the lacks in the protein of grain. (114) j 

Other protein-rich feeds that efficiently 
supplement the protein of the grains are j 

fish meal, meat scrap, tankage, soybean 
oil meal, and peanut oil meal. These and j 

other protein supplements are discussed ;j 

later in this chapter, and further informa- |J 

tion concerning the manner in which j 

they supplement the grains is given in I 
the chapters of Part III. I 

The germs of the cereal grains fur- 
nish protein of better quality than the 
rest of the kernels. Also, the bran layers 
of wheat have better protein than the j 
endosperm portion. Therefore wheat 
bran and wheat middlings supply better ; 
protein than the entire wheat grain. 17 
Likewise, corn oil meal (made from the 
com germs) has better protein than the | 
entire corn grain or than corn gluten 
feed. Similarly, the protein in rice, bran :fi 
and rice polish is of much better quality 
than the protein in the entire rice ker- j j 
nel. 18 1 1 

Though these particular cereal by- 
products have better protein than the v| 
entire cereal grains, none is satisfactory j 

as the only protein supplement to grain j I 

for feeding swine or poultry. For the 1 1 

best results it is necessary to combine I 

them with such feeds as milk, fish meal, 
meat scrap, or soybean oil meal, which 
more effectively correct the deficiencies 
of the cereal protein. ■ 

Corn gluten feed and corn gluten ■ 

meal resemble corn grain in deficiencies 
in quality of protein. For swine or poul- 
try these com by-products should be 
combined with protein supplements that 
correct these deficiencies. ■ 

121. Feeds of animal origin. — The ■ 

values of the various protein supplements I 

of animal origin are discussed in detail ■ 
in Chapter XXIII. As has been empha- E 

sized previously in this chapter, milk pro- Jj 
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tein makes good the deficiencies of the 
cereal proteins in a very complete man- 
ner. Casein, which forms oyer three- 
fourths of the protein in milk, is but 
slightly inferior to the entire mixture ot 
proteins that milk contains. 

Lactalbumin, or milk albumin, 
which forms most of the rest of the mil 
protein, is of even higher value than 
casein. The protein of whey is chiefly 
lactalbumin. It is therefore not surprising 
that whey is very effective in correcting 
the deficiencies in the protein of the 
cereal grains, even though whey has only 
a small percentage of protein on the diy 

'The proteins of eggs, meat, and fish 
are also of unusually high nutritive value, 
a fact that is of great importance in hu- 
, • i • nr IS 


FEEDS AND FEEDING t j 

nencies of the the manufacturing process. Indeed, such 
Wete man- soybean oil meal equals or ~\es close 
: s over three- to milk in making good the«ese jiencies • 
i milk, is but in the proteins of the grains, afc) 
tire mixture of The protein of raw soybeans is of 

much lower value for swine, poultry or 
nilk albumin, such laboratory test animals as rats , be- 
•est of the milk cause thorough cooking is required to 
ier value than make the methionine and cystine m soy-^ 
vhev is chiefly beans fully available to these animals. 

" not surprising However, if the cooking is too severe, the 
re in correcting nutritive value may be decreased. Cook- 
nrotein of th! ing soybeans does not appreciably im- 
rwhey has only prove the value of soybean protein for 
teTn on the dry such ruminants as cattle over 1 year of 
age or sheep. . 

meat and fish For swine not on pasture, especially 

’nutritive value, young pigs, and also for ^*3^^ 
portance in hu- consisting of soybear ‘ 


^TthrnTof great importance in hu- 

man nutrition. The protein of e ? gs somewhat by the addition of a small 

equal „* i. ^J^ctLhriv below in amount of meat scrap, tankage, fish meal 


auality of protein. Animal tissues that 
consist mostly of gristle and connective 
tissue are of much lower value than 
muscle or most glandular tissue, such as 

liver or kidney. , 

For swine and poultry feeding, the 
meat and fish by-products are popular 
protein supplements. Meat scrap and 
tankage correct the deficiency of the 
protein of the grains, but are less effec- 
tive single protein supplements to the 
grains than are soybean oil meal or hsh 
meal. The protein value of much ot the 
meat scrap and tankage now made seems 
to be lower than that made years ago, 
presumably because it is more largely 
composed 'of gristle and connective tis- 
sue (902) Fish meal consisting mostly 
of fish heads has a lower value than that 
made chiefly of muscular tissue 

Blood meal of the usual kind is not 


somewiictL u v , n ! 

amount of meat scrap, tankage, fish meal 

or skimmilk. VVTT . 

It is shown in Chapter XXII that 
the value of peanut oil meal as a pro- 
tein supplement equals or closely ap- 
proaches that of soybean oil meal. Cook- 
ing improves peanut protein less than 
soybean protein. 

' Peas are a very satisfactory feed for 
livestock, except for the fact that they 
are usually expensive. However, the pro- 
tein of peas does not supplement that 
of the cereals as completely as does that 
of soybean oil meal, because of a de- 
ficiency of methionine. (855) Therefore 
in poultry feeding peas cannot be used 
to replace as large a proportion of the 
animal-protein supplements as is possible 
with soybean oil meal. 

Most beans and also cowpeas and 
lentils have protein of much poorer qual- 
ity than does soybean oil meal. Also, 

Iw swinfi 


v .** — j — , i . j • nnf , than does sovucaix w ***'—*• » 

Blood meal of the usual kind is utilized verv poorly by swine 

u^^alue and poultry unless they are thoroughly 


as that of meat scrap or tankage. 

122. Protein of legume seeds.— 
The proteins of the various legume seeds 
and their by-products differ to a surpris- 
ing degree in nutritive value. For the 
feeding of swine and poultry, we can 
give top rank among protein-rich feeds 
of plant origin to the protein of soybean 
oil meal that has been properly cooked m 


Deans are uuuxcu r j j 

and poultry unless they are thoroughly 

co ok 0 (j [ 

The values of other legume seeds 
are discussed in Chapter XXII. 

123. Protein of other concentrates. 
—Detailed information is given in the 
various chapters of Part II concerning 
the manv other protein supplements 
available for stock feeding. On account 
of the importance of linseed meal and 
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cottonseecV fceal, the nutritive value of 
their pijfgin is of especial interest. 
, These are excellent supplements 

for dairj .ctle, beef cattle, sheep, and 
horses. 

For swine or poultry, the protein 
of linseed meal does not effectively sup- 
plement the protein of the grains, prob- 
ably because it contains less lysine than 
Idoes soybe&b oil meal. Therefore for 
swine or poultry linseed meal should 
be used in combination with such a 
supplement as soybean oil meal, fish 
meal, meat scrap, or tankage, which sup- 
plies more lysine. (829) It is shown in 
Chapter XXII that for another reason 
than quality of protein linseed meal is 
not satisfactory as any important part of 
a ration for poultry. (8»36) 

Ordinary cottonseed meal can be 
used in only very limited amounts for 
swine or poultry, because of the gossypol 
content. (811) Recently, methods have 
been developed for producing de-gossy- 
polized cottonseed meal, which can make 
up a larger part of their rations. (812) 
Even this cottonseed meal should, how- 
ever, be fed in combination with such 
protein supplements as fish meal, soy- 
bean oil meal, meat scraps, or tankage. 

Coconut oil meal is not satisfactory 
as the only protein supplement to the 
cereal grains for' feeding swine or poul- 
try. 

Dried brewers' yeast and other 
yeasts, which are rich in B-complex vita- 
mins, are also rich in protein and can be 
used as protein supplements in stock 
feeding. However, yeast should not be 
used as the only protein supplement to 
grain for swine or poultry. 

Distillers dried solubles are also 
very rich in B-complex vitamins and rich 
in protein, but the protein is not of good 
quality for poultry or swine. It did not 
supplement corn protein in Indiana tests, 
because it was low in the same amino 
acids. 20 

Nuts, except peanuts, are rarely 
used for stock feeding. It is of interest 
to note, however, that although nuts are 
rich in protein, the protein of most nuts 
was decidedly inferior to that of meat 
in Illinois tests. 21 


124. Protein of forage crops.- — 
There is but little exact information con- 
cerning the value of the protein in pas- 
tures, hay, and silage, for swine and 
poultry or for other animals that need 
protein of high quality. However, prac- 
tical feeding experiments show that the 
protein of most first-class roughages is 
at least of fairly good quality, and that 
it corrects to a considerable extent the 
deficiencies in the proteins of the grains. 

Pigs on excellent pasture, such as 
alfalfa, clover, or rape, make reasonably 
good growth when fed only corn or 
other grain, plus a mineral supplement 
However, such a ration is too low in 
amount of protein for the most rapid 
growth, especially of young pigs. Also, 
the quality of the protein can be made 
still better by adding to the ration such 
a protein supplement as skimmilk, meat 
scrap, or fish meal. 

Similarly, for poultry excellent pas- 
ture, such as Ladino clover, other clo- 
vers, or alfalfa, greatly reduces the need 
for high-quality protein supplements, 
such as meat scrap or milk by-products. 

125. Protein in non-legume forage. 
— From the excellent growth made by 
young cattle, sheep, and horses on good 
grass pasture, we can conclude that 
there is no deficiency for such animals 
in the quality of protein supplied by 
most kinds of young grass. 

Some experiments to compare the 
value of the protein in grasses and other 
forages have been conducted with rab- 
bits and guinea pigs, used as laboratory 
test animals. Both rabbits and guinea 
pigs are able to digest such roughage 
fairly efficiently through bacterial action 
in the digestive tract, though less com- 
pletely than do cattle or sheep. In Arkan- 
sas tests with guinea pigs there was not 
much difference in the biological value 
of the protein of most kinds of young 
grass and of legume forage, but the 
protein in the legume forage was di- 
gested to a slightly greater extent. 22 In 
Florida experiments the quality of Ber- 
muda grass protein for rabbits was nearly 
as good as that of a clover-grass pas- 
ture. 23 

In Canadian tests with rabbits the 


so 
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protein of mixed grasses from a fertilized 
plot was of higher value than that of 
grass from an unfertilized area. 24 Also, 
the protein in young timothy was of de- 
cidedly higher value than that of young 
reed canary grass. 

Other experiments have indicated 
that although the amount of protein in 
corn silage and wheat straw is low, the 
quality of protein in this small amount 
of protein is satisfactory for lambs. 25 


for dairy cows, beef cattle, s||eep, and 
horses. Red clover hay like wise Apr nish es 
protein of good quality for these Animals, f 
but it is somewhat lower than aWalfa in 
amount of protein. 

Investigations have shown that leg- 
ume hay even provides protein of good 
quality- for ruminants when it is fed as 
the only source of protein. This was 
proved in me^bcAm experiments with c 
growing lamblfaflRhe .New York (Cor- 



Legume Forage Insures Good Protein for Ruminants 

A fine crop of reel clover in the foreground, with corn in the background. Such a com- 
bination as clover or alfalfa hay and corn grain provides good quality protein for ruminants. 


126. Legume forage insures good- 
quality protein for herbivora. — One of 
the exceedingly important facts in live- 
stock feeding is that legume forages ad- 
mirably supplement the grains in feeding 
dairy cattle, beef cattle, sheep, and 
horses. This is emphasized in Chapter 
XVL 

First of all, legume forages are rich 
in protein. Also, the combination of grain 
and legume forage furnishes protein of 
very satisfactory quality for these ani- 
mals. It is shown in later chapters that 
merely an abundance of well-cured al- 
falfa, soybean, or cowpea hay, fed with 
farm grain and without any high-protein 
supplement, makes a satisfactory ration 


nell) Station. 26 When growing lambs 
were fed either alfalfa hay or red clover 
hav as the sole source of protein in a 
ration supplying plenty of carbohydrates 
and fat, the biological value of the pro- 
tein was high. Indeed, the protein of the 
legume hay or of legume hay and corn 
grain was just as efficient as the protein 
of soybean oil meal or of dried skimmilk. 
Similar results were secured in Missouri 
experiments with dairy heifers. 27 

127. Quality of protein in feeding 
cattle or sheep. — A question of much im- 
portance is whether or not it is necessary 
to give any consideration to quality of 
protein in the practical feeding of dairy 
cattle, beef cattle, or sheep. Detailed in- 
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formation/ concerning this problem in 
feeding Aeach of these classes of stock is 
* given Jo the respective chapters of Part 
III. 

In general, it seems safe to conclude 
that for cattle or sheep there is not apt 
to be any deficiency in the. quality of 
protein when any considerable part of 
the roughage consists of legume forage. 
*If enough fegumq ha;«pr gpen mixed hay 
high in legumes h'Sqffbgpod results can 
be secured when the only protein supple- 
ment is such a feed as corn gluten meal 
or corn gluten feed, both of which have 
proteins of. rather poor quality. If only 
non-legume roughage is fed, especially 
that of poor quality, then the kind of 
protein supplied by various protein sup- 
plements may sometimes be important. 28 

A possible explanation of such dif- 
ferences with good-quality roughage and 
poor roughage may be the following: 
When all of the roughage is of poor qual- 
ity, the bacterial fermentation in* the 
rumen may be so changed that there is 
less formation of good-quality protein by 
the bacteria from the nitrogenous com- 
pounds in the feed. 

In raising dairy calves chiefly on 
milk substitutes, attention must be given 
to the quality of protein in the ration 
for the first feW- weeks, until the rumen 
has developed enough for the calf to con- 
sume and utilize considerable roughage. 

128. Amino acid supplements. — If 
a ration for pigs or poultry is deficient 
in one of the essential amino acids, the 
lack can be corrected by including a feed 
that has a good supply of this amino 
acid, or else by adding a small amount of 
the pure amino acid. The amino acid re- 
quirements of pigs and poultry and the 
ways in which a lack of essential amino 
acids can be corrected by a suitable 
protein supplement are discussed in 
Chapters XXXIV and XXXVI. Commer- 
cial products are also on the market, pre- 
pared from natural feeds, which are rich 
in certain of the essential amino 
acids. 

Through the recent commercial pro- 
duction of some of the essential amino 
acids synthetically, it has become pos- 
sible to use a pure amino acid to sup- 


plement a ration which has too small an 
amount of that amino acid. Thus far, 
methionine and lysine are the only essen- 
tial amino acids produced at a sufficiently 
low cost to make such use practical. 
Methionine is available at approximately 
$1.50 per pound, and synthetic lysine is 
about $4.50 per pound. Other amino 
acids are much more expensive. 

The use of synthetic methionine in 
rations for pigs and poultry is treated in 
Chapters XXXIV and XXXVI. Such sup- 
plementation with methionine has thus 
far been used chiefly in rations for chicks 
and turkey poults. 

129. Urea as a protein substitute. — 
With our present livestock population, 
insufficient amounts of protein supple- 
ments are available to balance properly 
the rations for all the farm animals. It 
is therefore fortunate that many thou- 
sands of tons of urea, which can be used 
as a partial protein substitute for certain 
classes of stock, are manufactured each 
year from the nitrogen of the air for use 
in industry and agriculture. 

Each pound of urea, which is a very 
simple nitrogenous compound, contains 
as much nitrogen as 2.9 pounds of pro- 
tein. To reduce the trouble from caking 
in storage, a small amount of other ma- 
terial is mixed with the feed urea to 
give a product containing as much nitro- 
gen as though it had 262 per cent of 
protein. 

Numerous investigations have 
shown that when urea is added to a suit- 
able ration for ruminants, the bacteria 
in the rumen can convert it more or less 
completely into protein in their cells 
during the fermentation which occurs 
normally in the rumen digestion. 29 The 
urea is first changed rapidly into am- 
monia in the rumen, and this is com- 
bined with non-nitrogenous compounds 
in the building of the bacterial protein. 
Further on in the digestive tract, the 
bacteria are digested, and the protein 
is thus made available to the animal. 
(44) 

The conversion of urea into protein 
is not efficient when the ration does not 
have a readily available supply of en- 
ergy for the bacteria, or when urea is 
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high in protein. 

When urea is added to a concen- 
trate mixture which has the usual amount 
of cereal grains, the conversion into pro- 
tein is satisfactory, as the starch in the 
grain furnishes plenty of energy for the 
bacteria. The conversion of urea into pro- 
tein is poor when urea is added to hay 
alone, without any concentrates. Also, 
the conversion is not satisfactory when 
urea is added to molasses and such 
roughage as grass hay. However, urea 
can be converted into protein effectively 
when the concentrate mixture contains 
a good supply of grain, along with some 
molasses. For sheep, which have a high 
sulfur requirement in wool production, 
the utilization of urea may be increased 
if sulfur is added to a ration which is low 
in this mineral. 

Too large an amount of urea in a 
concentrate mixture may make it un- 
palatable, and animals may be poisoned 
if they consume more than a certain 
amount of urea. Therefore not moie than 
2 to 3 per cent of urea should be in- 
cluded in the total concentrates fed. 
Also, urea should not form more than 
5 to 10 per cent, of protein supplemen- 
tal mixtures or pellets, or the palatability 
may be much decreased. 

Urea must be mixed very thor- 
oughly and carefully in a mixture to 
prevent any animal from getting a dan- 
gerous amount. Deaths of stock have 
been caused in a few instances by mixed 
feeds, containing urea, which were not 
prepared with sufficient caie. 

It must be borne in mind that urea 
furnishes no energy to an animal, while 
the common protein supplements rui- 
nish both protein and energy. Therefore 
when protein-rich feeds cost but little 
more than the farm grains, the use of 
urea is uneconomical. For example, even 
if the nitrogen in urea is used as effi- 
ciently as the nitrogen in a protein sup- 
plement, it will require about 14 lbs. of 
urea plus 100 lbs. of corn or other grain 
to replace 100 lbs. of soybean oil meal. 

If a ration already has enough pro- 
tein, there will be no advantage in add- 
ing urea to it. Thus, it is shown in Chap- 


trate mixture having 16 to kipper cent 
protein supplies plenty of protein for r 
feeding with com silage and good mixed 
hay containing at least one-third leg- 
umes. ( 1017 ) There will be no benefit 
from adding urea to such a concentrate 
mixture, so as to increase the protein 
equivalent to 20 per cent or more. r 
The use of urea as a. protein sub- 
stitute for dairy cattle, for beef cattle, 
and for sheep is discussed in the chap- 
ters dealing with these classes of stock. , 
Urea has given the most satisfactory re- 
sults when it has replaced not more 
than one-fourth to one-third the protein 
in a ration, and when there was con- 
siderable grain in the mixture. It has us- 
ually' - not been an effective protein sub- 
stitute when used without grain, but 
mixed only with molasses or alfalfa meal. 
Urea has been used chiefly in formula 
feeds (commercial mixed feeds) for 
dairy cattle and beef cattle. It has also 
been a fair substitute for part of 
the protein in rations for pregnant and 
lactating ewes, but in some of the ex- 
periments with fattening lambs it has not 
been an effective protein substitute. 

Urea has little or no value as a pro- 
tein substitute for swine or poultry, or 
for dairv calves before th# rumen is well 
developed. 30 However, a properly mixed 
urea-containing feed will not poison 
these animals if they chance to eat some 

of it. 7 . . 

Differing from certain advertising 
claims made for urea, feeding experi- 
ments have shown that even with poor 
roughage, rations containing urea gen- 
erally give no better results than when 
all the' protein is supplied by natural 
feeds. 

130 . Urea-treated silage. — In some 
experiments urea has been added to 
green forage as it was ensiled, to increase 
the protein value of low-protein silage, 
such as corn or sorghum. 31 Beef cattle be- 
ing wintered do better on such silage 
than on corn or sorghum silage with no 
protein supplement, but may not gain 
quite so well as on normal silage and a 
protein supplement, 

In some tests 'the addition of urea to 
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’ m silage has^reduced the palatability, and 
in a Flo?a^te: trial a considerable part of 
the adc|Ict nitrogen was lost from the 
silage as ammonia or by leaching. 

131. *t)ther protein substitutes. — 
By adding ammonia to certain low-pro- 
j tein feeds, ammoniated products have 

! been made, which might serve, like urea, 

t $s partial protein substitutes. These have 

( included arrimoniated cane or corn mo- 

lasses, ammoniated citrus pulp, am- 
moniated beet pulp, ammoniated con- 
* densed distillers molasses solubles, and 
ammoniated furfural residue. 

In recent New York experiments the 
nitrogen in ammoniated molasses, am- 
moniated citrus pulp, and ammoniated 
distillers molasses solubles was much less 
available to rumen bacteria or to steers 
than the nitrogen of urea. 32 Similar re- 
jj suits were secured with ammoniated 

molasses in recent Ohio tests. 33 

In some feeding experiments am- 
moniated molasses has given results simi- 
lar to those with urea. 34 However, in 
other trials cattle and sheep have had 
extreme nervous symptoms after receiv- 
ing ammoniated cane molasses only a 
few days, acting crazy. 35 Death has 
sometimes followed unless the feed was 
discontinued . . S 

AmmowSt&A condensed .distillers 
molasses solubles has been a fairly satis- 
factory substitute for part of the pro- 
tein supplement. 36 

Ammoniated citrus pulp was less 
palatable than plain citrus pulp to beef 
cattle, and produced less gain than cot- 
tonseed meal. 37 

In an English test ammoniated beet 
pulp was worth less than ordinary beet 
pulp, 38 and in a Colorado trial it had no 
advantage over alfalfa hay as a source 
of protein for fattening cattle. 39 

Ammoniated furfural residue in one 
experiment decreased the gain of beef 
cattle when replacing half the cotton- 
seed meal in the ration. 40 

By heating urea, biuret , a less sol- 
uble condensation product, is formed. 
Since this is less toxic than urea if a 
large amount is consumed, its value as 
a protein substitute is being tested. In 
recent trials lambs gained slightly less 
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with biuret as a protein substitute than 
with urea. 41 

In an experiment with dairy heifers 
another nitrogen compound, dtcyanodia - 
mide, produced slightly smaller gains 
than did soybean oil meal. 42 

II. Fats in Livestock Feeding 

132. Functions of fats. — It has been 
shown in Chapter I that several groups 
of substances besides the true fats are 
included in the ether extract, or so-called 
“fat” of feeds and animal tissues. (13- 
14) Though present in only small 
amounts, certain of these substances are 
very important in animal nutrition. 

For instance, vitamin A, carotene, 
and vitamin D, which are discussed in 
Chapter VII, are soluble in fat solvents 
and are therefore included in the ether 
extract. Cholesterol and the phospholip- 
ids, which are essential constituents of 
the body, are other important com- 
ponents of ether extract, though usually 
present in very small amounts. Vitamins 
E and K are likewise soluble in ether 
and are thus included in the ether ex- 
tract. 

In seeds most of the ether extract is 
true fat. On the other hand, in forage 
crops more than one-half of it may con- 
sist of other compounds, especially chlor- 
ophyll, which apparently has no food 
value to animals. The digestion, absorp- 
tion, and utilization of fat in the body 
have been explained in Chapter II. (47, 
51) 

The fat in foods serves as a source 
of energy, the same as the carbohydrates. 
Also, body fat or the fat in milk can be 
formed from the fat in the feed. Fat is a 
much more concentrated source of en- 
ergy than the carbohydrates, for digest- 
ible fat furnishes about 2.25 times as 
much energy per pound as is contained 
in digestible carbohydrates. For this rea- 
son, a concentrate mixture very low in 
fat is generally lower in total digestible 
nutrients than one having more fat. 

Fat is not only a concentrated 
source of energy and of body fat or milk 
fat, but it also has other functions. It aids 
in the absorption from the food of vi- 
tamin A and especially of carotene, and 
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may help in the absorption of calcium. 
Experiments have also shown that the 
net-energy value of a ration is decreased 
if it is unusually low in fat. (78) 

Fat forms a considerable part of 
the food of suckling animals. For ex- 
ample, fat forms as much as one-third of 
the dry matter of cow’s milk. It is pointed 
out in Chapter IX that for very young 
calves, especially for those that are not 
vigorous, milk that is not unduly rich in 
fat is better than very rich milk. (269) 

For certain animals, fats that have 
a high melting point are less digestible 
and of less value than fats which have 
a lower melting point. However, for farm 
animals, except possibly poultry, there 
does not seem to be such a difference. 43 

The effect of the kind of fat in the 
ration upon the character of body fat 
or milk fat made by animals is discussed 
in Chapter IX and in the chapters of Part 
III. 

133. Need of fat by farm animals. 
— The question as to whether farm ani- 
mals require a certain minimum amount 
of fat in their rations for optimum re- 
sults is now of greater importance than 
formerly, because of the wide use of the 
solvent process of extracting fat very 
completely from such oil-rich seeds as 
soybeans and from some by-products 
high in fat 

It has been shown in previous chap- 
ters that carbohydrates can serve not 
only as the source of energy in the body, 
but also as the source of body fat and 
milk fat. However, experiments summa- 
rized in the chapters dealing with the 
various classes of stock have proved that 
young calves, lambs, pigs, and chicks 
need a certain minimum amount of fat 
for growth and health. 

Experiments with dairy cows re- 
viewed in Chapter XXV also show that 
the yield of milk is reduced when the 
concentrate mixture is too low in fat 
( 1020 ) In these experiments and in trials 
with pigs, the difference in value per 
100 lbs. of rations low in fat and moder- 
ate in fat was greater than the difference 
in energy value as ordinarily computed. 
In other words, the additional amount of 
fat was worth more than 2.25 times as 


much as an equal weight o% digestible 
carbohydrates. \ 

Experiments with laboraWy ani-f 
mals fed diets containing almost no fat 
have shown that rats, mice, and dogs re- 
quire for growth and even for health 
small amounts of certain unsaturated 
fatty acids, such as linoleic acid, which 
are present in most natural fats. These 
are called th^ essential fatty acids. r 

Whether farm animals need these 
fatty acids (linoleic, arachidonic, and 
linolenic) is still unknown. In New York 
experiments young calves could not live 
on a fat-free diet, but the fat deficiency 
was corrected by including 2 per cent 
of hydrogenated coconut oil, which con- 
tains no unsaturated fatty acids. 44 This 
indicates that the deficiency was not a 
lack of essential unsaturated fatty acids. 

134. Adding fat to rations. — Except 
under special conditions, carbohydrates 
furnish energy for farm animals more 
cheaply than do fats. Therefore the abil- 
ity of livestock to utilize increased 
amounts of fat in their rations has not 
until recently been of practical impor- 
tance. 

During the past few years, there 
has been a large surplus in this country 
of by-product animal fats, produced in 
the meat and rendering industries. As a 
result, the prices of these tallows and 
greases have fallen to levels that make 
their use in livestock feeds practical. 
This surplus has come about chiefly be- 
cause of the advent and wide use of de- 
tergents in the soap industry, and the 
desire of consumers for meat cuts from 
which more of the surplus fat has been 
trimmed. 

In the manufacture of formula 
feeds, or mixed commercial feeds, the 
addition of 1 to 2 per cent or more of 
such fats reduces dustiness and may im- 
prove the color, texture, and palatability 
of the feed. Because fat is a lubricant, 
adding it makes the feed mixture less 
abrasive to machinery, such as mixers, 
conveyors, and scales. This lubricating 
quality of added fat also appreciably in- 
creases the capacity of pelleting machin- 
ery. In this country, a small amount of 
such animal fat is now added to some 
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of the comfnercial alfalfa meal to reduce 
dustiness/and improve the color. 

* To^revent the development of ran- 
cidity, it is essential to use fat to which 
an approved antioxidant, or stabilizer, 
has been added in proper amount. When 
a stabilized fat is added to a feed mix- 
ture, there is a tendency for the loss of 
vitamin A and of xanthophyll during 
storage to be reduced. 45 ' On the other 
hand, the use of unstabilized fat in a mix- 
ture increases the loss of vitamin A and 
vitamin E. 

Animal and vegetable fats seem to 
be equally effective additions to feeds, 
but ordinarily by-product animal fats are 
much cheaper than such plant fats as 
soybean or cottonseed oil. Hydrogenated 
fats, or stearic acid, which have a melt- 
ing point above body temperature, are 
not well utilized, at least by poultry. 
Also, a fat that is very solid at ordinary 
temperatures does not reduce dustiness 
and improve appearance like liquid or 
softer fats. 

The experiments in which by-prod- 
uct fats have been added to rations for 
the various classes of stock are summa- 
rized in the chapters dealing with the 
different kinds of farm animals. 

135. Does the fat of milk have spe- 
cial value?— It is well known that one 
of the great values of milk as a human 
food and as a food for all young mam- 
mals is the high vitamin A value of the 
fat. Many experiments have been con- 
ducted in an endeavor to find whether 
the fat of milk has other special values, 
most of the tests having been with young 
rats started on the experimental diets 
after weaning. In such studies care is 
taken to supply in all diets an abundance 
of vitamin A and other vitamins that may 
be furnished by butterfat. In some of 
the investigations the young rats have 
made better growth on diets containing 
milk fat, when lactose was the carbohy- 
drate food. However, in other tests there 
has been no difference in the results from 
milk fat and other fats. 

In experiments in which dairy 
calves have been raised from birth on 
semi-purified diets or on milk replacers 
containing ample vitamins, the calves 


grew poorly and usually died when fed 
ordinary plant oils, such as soybean oil 
or cottonseed oil as a substitute for milk 
fat. However, when lard or homogenized 
hydrogenated plant fat was used, the 
growth was nearly normal, though some- 
times slightly less than on milk fat. 
(1114) 

These results indicate that for very 
young animals various kinds of fat may 
differ decidedly in value, even when an 
abundance of vitamin A is provided from 
other sources. 

III. Carbohydrates in’ 
Livestock Feeding 

136. Value and functions of various 
carbohydrates.— The carbohydrates in 
feeds differ greatly in digestibility and 
nutritive value, as has been shown in 
previous chapters. Starch and the sugars 
are readily digested and have a high 
feeding value. Cellulose and the other 
very complex carbohydrates are digested 
only through the bacterial action that oc- 
curs in the rumen of ruminants, in the 
caecum and large intestine of horses, and 
to a much less extent in the large in- 
testine of other animals. By this means 
ruminants, such as cattle and sheep, and 
also horses are able to digest and utilize 
the fiber of feeds fairly well, though it 
has a much lower value for them than 
starch. Swine or poultry can make very 
little use of fiber. Lignin is digested to 
only a very small extent, even by rumi- 
nants. 

It has been shown in Chapter II 
that in the process of digestion starch is 
changed to glucose. Compound sugars 
are also converted almost entirely into 
glucose or other simple sugars and ab- 
sorbed into the blood in this form. In the 
bacterial digestion of fiber the chief use- 
ful products are organic acids, largely 
acetic acid. Experiments have shown that 
these organic acids are absorbed and 
used in the body the same as glucose. 

Since carbohydrates form about 
three-fourths of the dry matter in most 
plants, they are the chief source of en- 
ergy and heat for farm animals. Most of 
the energy for muscular work thus comes 
from the carbohydrates in the food. It is 
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also shown in later chapters that the car- 
bohydrates are the chief source of body 
fat and an important source of the fat in 
milk. 

So far as is known, in ordinary ra- 
tions the value of the carbohydrates in 
various feeds generally depends on the 
extent to which they are digested and on 
the net energy they furnish. Thus, the 
value per pound of starch and of the 
various sugars is usually about the same, 
while fiber has a much lower value, even 
for ruminants. 

Especially for young animals, milk 
sugar (lactose) seems to increase the 
assimilation and use of calcium and phos- 
phorus, probably because of its influence 
on the tvpe of bacterial growth in the in- 
testines.' Lactose tends to produce an 
acid type of fermentation and to prevent 
putrefaction. However, too large a pro- 
portion of lactose, as when there is too 
much dried whey in a ration, may pro- 
duce diarrhea. (896) 

137. Molasses. — Molasses, consist- 
ing chiefly of sugars, may sometimes be 
very desirable in stock feeding, as it 
increases the palatability of feeds that 
might not otherwise be well-liked. For 
example, stock will clean up low-grade 
hay better if diluted molasses is sprinkled 
over it. It has been shown in the preced- 
ing chapter that the addition of a large 
amount of molasses to a ration may de- 
crease its digestibility. (103) 

The use and value of molasses for 
the various classes of stock are discussed 
in Chapter XXIII. 

QUESTIONS 

L Is it generally dangerous to feed consid- 
erably more protein than needed? 

2. Explain what is meant by an essential 

amino acid. 

3. How can it be determined whether or 

not a certain amino acid is essential 
for a particular kind of animal? . 

4. What is known about differences in the 

amino acid requirements for different 
body functions? 

5. Why are the requirements of ruminants 

and horses for protein much . more 
simple than in the case of pigs or 
chickens? 

6. What is meant by protein of good qual- 

ity? 


7. Describe how the protein m one feed 

can supplement that in another. 

8. What is the effect of excessrJL heating r 

on protein quality; of long swage of 
feed? 

9. What is meant by the time factor m pro- 

tein supplementation? 

10. How can a table showing the percentage 

of the essential amino acids help in 
* making' up efficient .JObtions for pigs 
and poultry? "H* 

11. Describe one method of measuring the 

nutritive* value of protein. 

12. What quality of protein is furnished by 

the cereal grains; by wheat bran? 

13. What is the quality of protein in milk, 

meat, fish, and eggs; in meat scrap, 
tankage, and fish meal? 

14. Discuss the quality of protein in the fol- 

lowing: (a) Well-cooked soybean oil 
meal; (b) raw soybeans; (c) peanut 
oil meal; (d) peas; (e) beans. 

15. What is the quality of the protein in: 

(a) Linseed meal; (b) cottonseed 
meal; (c) coconut oil meal; (d) yeast; 
(e) dried distillers solubles? 

16. Discuss the quality of protein in good 

forage crops. 

17. What is known about the quality of the 

protein in good grass pasture? 

18. What is the quality of protein in legume 

forage for ruminants? 

19. Compare the importance of quality of 

protein for cattle or sheep with its 
importance for swine or poultry. 

20. What pure amino acid is'sometimes used 

in supplementing rations for poultry? 

21. Under what conditions and for what 

kinds of stock may the use of urea as 
a protein substitute be economical? 

22. What are the functions of fat in the 

body? 

23. What is known about the needs of farm 

animals for a minimum amount of fat? 

24. Why is by-product animal fat often 

added to formula feeds or to alfalfa 
meal? 

25. Does the fat of milk have special value? 

26. Discuss the value and functions of vari- 

ous carbohydrates. 

27. What special value may molasses have 

in a ration? 

references 

1. Robison, Ohio Buis. 617, 680; Carroll, 111., 

mimeo. rpt.; Terrill, Warden, Rocker, and 
Reamer, III., Jour. Arner. Vet. Med. Assoc., 
121, 1952, pp. 304-305. 

2. Forbes, ■ Swift, ' Marcy, , and , Davenport, Perm., 

Jour. Nutr., 28, 1944, pp. 189-196. 

3. Rose, 111. Physiological Reviews, 18, 1938, pp. 

109-136. ' 






PROTEINS— FATS— CARBOHYDRATES 


4. Loosli al., N.Y., Science, 110, 1949, pp. 

144- 745; see also: Duncan, Huffman, and 
AgralYala, Mich., Jour. Dairy Sci., 35, 1952, 

#. . p. JjjDSj, 'Reed, Moir, and Underwood, Aus- 

tralian. Jour. Sci. Res., Series B, 2, 1949, 
pp. 304— 317; McNaught et al., Biochem. 
Jour.; 46, 1950, pp. 32-36. 

5. Wooley, Jour. Biol. Chem., 159, 1945, pp. 

753-754; see also: Swanspn, Iowa Rpt. 
1949; Maddy and Swift, Penn.,* Jour. Nutr., 
47, 1952, pp. 243-262. 

6. Elvehjem, J|tod erson, Maddy, and Wykes, Wig. 

# 7. Lewis and^wvehjem, Wis. Bui. 510; Cravens, 
Elvehjem-, and Halpin, Wis., Poultry Sci., 
29, 1950, p. 764. 

8. McCollum, Wis., Jour. Biol. Chem., 19, 1914, 

p. 323; Hart and Steenbock, Wis., Jour. Biol. 

• Chem., 38, 1919, p. 267; 43, 1924, p. 923. 

9. Committee on Protein Foods, Nat. Res. Council, 

Reprint and Cir. Series 131, 1950. 

10. Hathaway, Yung, and Kiesselbach, Nebr., Jour. 

Anim. Sci., 11, 1952, pp. 430-440; see also: 
Albert and Neumann, 111., Jour. Anim. Sci., 
14, 1955, p. 1192. 

11. Mitchell and Beadles, 111., Jour. Nutr., 39, 

1949, p. 463-484; 111. Rpt. 1938-47. 

12. Cabell and Ellis, U.S.D.A., Jour. Anim. Sci., 

14, 1954, pp. 1167-1173. 

13. Geiger, Science, 111, 1950, pp. 594-599; Gei- 

ger, Bancroft, and Hagerty, Jour. Nutr., 42, 

1950, pp. 577-585. 

14. Eggert, Brinegar, and Anderson, Nebr., Jour. 

"Nutr., 50, 1953, pp. 469-477. 

15. Robertson, Carver, and Cook, Wash. Bui. 388; 

Carver and Wilhelm, Wash. Bui. 394; Evans 
and St John, Jour. Nutr., 30, 1945, pp. 209- 
217. 

16. Almquist, Stokstad, and Halbrook, Cal., Jour. 

Nutr., 10, 1935, pp. 193-211; Evans, St. 
John, and McGinnis, Wash. Bui. 470; Gehrt, 
Caldwell*/ arid Elmslie, Jour. Agr. and Food 
Chem., 3, 1955, pp. 159-162. 

17. Osborn an,d Mendel, Jour. Biol. Chem., 37, 

1919, p, 557; Jones and Gersdorff, Jour. 
Biol. Chem., 64, 1925, pp. 241-251; Mur- 
phy and Jones, Jour. Biol. Chem., 69, 1926, 
pp. 85-99; Klein, Harrow, Pine and Funk, 
Amer. Jour. Physiol., 76, 1926, pp. 237-246. 

18. Kik, Ark. Bui. 416; Maynard, Fonda, and 

Chen, N.Y., Jour. Biol. Chem., 55, 1923, pp. 

145- 155. 

19. Carr, Spitzer, Caldwell, and Anderson, Ind., 

Jour. Biol. Chem., 28, 1917, pp. 501-509; 
Winter, Ohio Bui. 436. 

20. Hughes and Hague, Ind., Jour. Nutr., 30, 1945, 

pp. 245-258. 

21. Mitchell and Beadles, III., Jour. Nutr., 14, 

1937, pp. 597-608. 

22. Kik, Ark. Bui. 434. 

23. Davis and Blaser, Fla. Rpt 1946. 

24. Crampton, Canada, Amer. Soc. Anim. Prod., 

Proc. 1934. 

25. Sotoia, Wash., Jour. Agr. Res., 40, 1930, pp. 

79-96; Watkins, New Mex. Bui. 194. 

26. Morrison and Turk, N.Y. (Cornell) Rpts. 1933, 

1934; Turk, Morrison, and Maynard, N.Y., 
Jour. Agr. Res., 48, 1934, pp. 555-570; 51, 
1935, pp. 401-412; Miller, Morrison, and 
Maynard, N.Y., Jour. Agr. Res., 54, 1937, 
pp. 437-448; Miller and Morrison, N.Y., 
Jour. Agr. Res., 58, 1939, pp. 149-155; 
Miller and Morrison, N.Y., Jour. Anim. Sci., 

1, 1942, p. 353. 

27. Swanson and Herman, Mo. Res. Bui. 372, 

28. Lofgreen, Loosli, and Maynard, N.Y., Jour. 

Anim. Sci., 6, 1947, pp. 343-347; Hart and 
Humphrey, Wis., Jour. Biol. Chem., 21, 


1915, p. 239; 26, 1916, p. 457; 31, 1917, 
p. 445; 35, 1918, p. 367. 

9. For a review of the numerous investigations 
on urea as a protein substitute, see Reid, 
N.Y., Jour. Dairy Sci., 36, 1953, pp. 955-996; 
see also, Gallup, Pope, and Whitehair, Okla. 
Bui. B-409. 

0. Hays et al., Iowa, Jour. Anim. Sci., 13, 1954, 

pp. 987-988; Hanson and Ferrin, Jour. 
Anim. Sci., 14, 1955, pp. 43-48; Slinger, 
Pepper, Hill, and Branion, Canada, Poultry 
Sci., 31, 1952, pp. 1106-1108. 

1. Becker et al., Fla. Rpts. 1947, 1949, 1950; 

Ga. Rpt. 1946; Nevens, Harshbarger, and 
* Kendall, 111. Bui. 529; Archibald and Par- 
sons, Mass. Bui. 425; Cullison, Miss., Jour. 
Anim. Sci., 3, 1944, pp. 59-62; Means, Miss. 
Farm Res., 7, 1944, No. 5; 8, 1945, No. 5; 
Kiosterman, Bentley, and Moxon, Ohio, An. 
Sci. Mimeo. Ser., Nos. 79, 94; LaMaster, 
Mitchell, and Roderick, S.C. Rpt. 1945; 
Woodward and Shepherd, U.S.D.A., Jour. 
Dairy Sci., 27, 1944, pp. 648-649. 

2. Davis, Wasserman, Loosli, and Grippin, N.Y., 

Jour. Dairy Sci., 38, 1955, pp. 678-687. 

1. Hershberger, Engle, Bentley, and Moxon, Ohio, 
Jour. Anim. Sci., 14, 1955, pp. 1207-1208; 
see also: Tillman, Gallup, and McLaren, 
Okla., Jour. Anim. Sci., 14, 1955, p. 1224. 
t Hughes et al., Kan., Join. Anim. Sci., 14, 1955, 
p. 1210; Parham, Frye, Kilpatrick, and Ru- 
soff, La., Jour. Dairy Sci., 38, 1955, pp. 
664-668; Pope et al., Okla. Misc. Pubs. 
MP-34, MP-43; Knodt, Williams, and Brum- 
baugh, Penn., Jour. Anim. Sci., 9, 1950, pp. 
661-662; Magruder, Knodt, and Williams, 
Penn., Jour. Anim. Sci., 10, 1951, pp. 1055- 
1056; Tillman and Swift, Penn., Jour. Anim. 
Sci., 12, 1953, pp. 201-212; see also: King, 
O’Dell, LaMaster, and Roderick, S.C., Jour. 
Dairy Sci., 38, 1955, p. 624. 

I. Richardson et al., Kan. Cir. 308; Rusoff, Landa- 
gora, Lee, and Bertrand, La., Jour. Anim. 
Sci., 13, 1954, p. 998; Barrentine and Dar- 
nell, Miss. Inform. Sheet 498; Tillman, Gal- 
lup, and McLaren, Okla., Jour. Anim. Sci., 
14, 1955, p. 1224 and report at meeting of 
Amer. Soc. Anim. Prod., 1955. 

> Brown, Damon, Singletary, and Bertrand, La. 
Rpt. 1952; Tillman and Kidwell, La., Jour. 
Anim. Sci., 10, 1951, pp. 934-938; Ma- 
gruder and Knodt, Penn., Jour. Dairy Sci., 

36, 1953, pp. 581-582; Tillman and Swift, 
Penn., Jour. Anim. Sci., 12, 1953, pp. 201- 
212 . 

. Kirk, Davis, and Peacock, Fla., Jour. Anim. 

Sci., 13, 1954, pp. 989-990. 

, Ferguson and O’Neave, Jour. Agr. Sci., Eng- 
land, 33, 1943, pp. 95-100. 

. Colo. Rpt. 1945. 

. Pope, Humphrey, Heller, and Campbell, Okla. 
Misc. Pub. MP-31. 

, Gaither, Garrigus, Forbes, and Hatfield, 111., 
Jour. Anim. Sci., 14, 1955, p. 1203; Meiske, 
VanArsdell, Luecke, and Hoefer, Mich., Jour. 
Anim. Sci., 14, 1955, pp. 941-946. 

, Magruder and Knodt, Penn., Jour. Dairy Sci., 

37, 1954, p. 657. 

, Paul and McCay, N.Y., Arch. Biochem., 1, 
1942, pp. 247-253. 

Cunningham and Loosli, N.Y., Jour. Dairy Sci., 
37, 1954, pp. 453-461; see also: Lambert, 
Jacobson, Allen, and Zaletel, Iowa, Jour. 
Dairy Sci., 36, 1953, p. 591, 

Siedler* and Schweigert, 111., Jour. Agr. and 
Food Chem., 2, 1954, pp. 193-195; Living- 
ston, Bickoff, and Thompson, U.S.D.A., Jour. 
Agr. and Food Chem., 3, 1955, pp. 439-441. 


; i( i 


It : 


i 


;•< I 

( 


86 







soga: 

assin 

phor 

on tl 

testir 

acid 

putrc 

portii 

mucl 

duce 


ing c 

very 

incre. 

migh 

exam 

hay l 

over 

ing c 

amou 

creas- 

the v 
in Cl: 


V 

V 

CHAPTER VI 


MINERALS IN LIVESTOCK FEEDING 


138. Importance of minerals. — It 
has long been known that common salt, 
calcium, and phosphorus are necessary 
for the health of animals, and even fOr 
life itself. However, as late as thirty 
years ago, the knowledge was very 
limited concerning the exact amounts 
required of these minerals, and but little 
was known about the need for any other 
minerals. 

Since that time, outstanding dis- 
coveries have been made concerning the 
mineral nutrition of animals. It has been 
found that in some areas or under cer- 
tain conditions disastrous results are pro- 
duced by a previously unknown lack of 
one of the trace minerals— iodine, cop- 
per, iron, cobalt, or manganese. The ef- 
fects of a deficiency of calcium, phos- 
phorus, or salt for the various kinds of 
farm animals have also been studied in 
detail, and the requirements for these 
minerals carefully determined. 

These discoveries have caused much 
popular interest in the subject of min- 
erals and have led to extensive use of 
mineral supplements in stock feeding. 
(For simplicity, the common practice is 
followed in this volume of referring to 
mineral nutrients or mineral compounds 
as “minerals.”) 

Although decided deficiencies ot 
other minerals may occur that must be 
corrected by the use of a suitable mineral 
supplement, common salt is the only min- 
eral that must generally be added to 
usual rations for cattle and sheep. To 
avoid expenditures for unnecessary min- 
eral supplements, it is therefore impor- 
tant that stockmen know definitely the 
conditions under which there may be a 
lack of other minerals, and also know 
how to correct any deficiency at mini- 
mum cost. The use of mineral supple- 
ments when they are not needed is not 
only a waste of money, but also may in 
some cases be actually injurious. 


One of the chief purposes of this 
chapter is to shpw whei^^^ral supple- 
ments should be provide ^Jlp stock, and 
when none is needed, iRpt common 
salt. Further information about the min- 
eral needs of each cjtass of stock is given 
in Part III. The amounts of calcium and 
phosphorus in various feeds are shown 
in Appendix Table I, so far as data are 
available, and the amounts of other im- 
portant minerals in typical feeds are 
given in Appendix Table IV. 

The amounts of calcium and phos- 
phorus required by each class of the 
larger farm animals are stated in the 
Morrison feeding standards (Appendix 
Table III), and the mineral needs of 
poultrv are shown in detail in Chapter 
XXXVI. 

139. Functions of minerals. — Min- 
erals have many vital functions in the 
body. First of all, the skeletons of verte- 
brate animals are composed chiefly of 
minerals (nearly all calcium and phos- 
phorus). Minerals are also necessary 
constituents of the soft tissues and the 
fluids of the body. A few examples will 
serve to show how indispensable min- 
erals are in the body. Phosphorus is a 
vital ingredient of the chief proteins in 
the nuclei, or life centers, of all body 
cells. It is also a part of certain other im- 
portant proteins, such as the casein of 
milk. The phospholipids, which are phos- 
phorus-containing fat-like substances, are 
essential parts of all living protoplasm. 
The power of the blood to carry oxygen 
is due to hemoglobin, the iron-protein 
compound in the red. blood 'Corpuscles. 

The soluble mineral compounds in 
the blood and other body fluids are nec- 
essary to give these fluids their character- 
istic properties and to regulate the life 
processes. The acidity or alkalinity of the 
digestive juices is caused by mineral 
compounds. Thus, the acidity of the gas- 
tric juice in the stomach, which is neces- 
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sary for thf action of the enzyme pepsin, 
is due to hydrochloric acid, formed from 
sodium dftloride and other chlorides pres- 
ent in the blood. The osmotic pressure, 
needed for the transfer of nutrients and 
waste products through the cell walls, 
depends on mineral salts. 

The mam ten an ce of an approxi- 
mately ^^■Kreaction in body tissues*, 
or the pii^ Mro of acidity or alkalinity, 
is due chi|| f to a delicate adjustment 
of the mineral compounds in the body 


continually furnishes an excessive 
amount of certain minerals, the body 
may be unable to keep the blood com- 
position normal, and injury will result. 

140. Sodium and chlorine; common 
salt. — Both sodium and chlorine are nec- 
essary for animal life, and farm animals 
usually do not secure enough of these 
two minerals in the feed they eat. To 
furnish these minerals, common salt 
(sodium chloride) should be supplied, 
except under unusual conditions. 



Pigs Need Ample Salt for Efficient Gains 


Pigs supplied with salt in addition to a ration of corn plus soybean oil meal, alfalfa leaf 
meal, bone meal, and ground limestone, gained nearly twice as fast in Indiana experiments 
as those getting no salt. Upper lot: pigs supplied with salt. Lower lot: pigs getting no salt. 
( From Vestal, Indiana Station. ) 


fluids. A serious lack of calcium in the 
blood, such as occurs in milk fever of 
cows, causes convulsions and tetany. 

For the various life processes, not 
only must there be sufficient supplies of 
the various essential minerals, but also 
there must not be a large excess of any 
of them. Thus, the regular beating of 
the heart depends on proper proportions 
of calcium and potassium in the blood. 
The kidneys are usually able to protect 
the animal against any excess of various 
minerals in the blood by excreting the 
excess in the urine. However, if the food 


Through recent investigations at 
certain experiment stations, partly fi- 
nanced by the Salt Producers Associa- 
tion, much new information has been 
gained concerning the requirements of 
farm animals for salt and for its two 
constituents, sodium and chlorine. These 
experiments have shown that at least in 
the case of dairy cows, sheep, and pigs, 
the chief deficiency in a ration made up 
of ordinary feeds, with no added salt, 
is sodium, rather than a lack of chlorine. 
The experiments dealing with the salt re- 
quirements of each kind of farm animals 
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are summarized in the respective chap- 
ters of Part III. 

Cattle, sheep, horses, and other her- 
bivorous animals (those that live chiefly 
on forage) need a somewhat greater pro- 
portion of salt in their rations than do 
swine or poultry, and show great hunger 
for salt when it is not supplied. Carnivora 
(flesh eating animals) secure sufficient 
salt in the flesh and blood they consume 
and therefore need no additional salt. If 
swine are fed meat scrap, tankage, or 
fish meal as the chief or only protein sup- 
plement, these feeds may supply enough 
salt. However, it is the safest plan to 
furnish them with salt even then. 

The amount of salt needed may vary 
somewhat in different regions, depending 
on the salt content of the feeds grown 
there and on whether or not the water 
contains an appreciable amount of salt. 
Occasionally, in arid districts or very 
near the ocean where salt reaches the 
land from spray in the atmosphere, the 
forage, soil, or water may contain so 
much salt that there is no need of fur- 
nishing additional salt for livestock graz- 
ing there. 

Salt may be provided in the form 
of loose salt, salt blocks, or lumps of rock 
salt, the choice depending on which form 
is cheapest or most convenient. An ex- 
cellent method is to furnish a supply 
where the stock can take what they de- 
sire. They will not eat too much unless 
they have previously had an insufficient 
supply. They may then take so much at 
first as to cause indigestion, and there- 
fore the amount should be limited at the 
start. For outdoor feeding in humid dis- 
tricts, placing the salt in suitable salt 
boxes will greatly reduce the wastage 
from weathering/ especially if the boxes 
are protected from rain. 

For dairy cows, 1 per cent of salt 
is generally included in the concentrate 
mixture, and then additional salt is pro- 
vided so that they can take more if they 
wish. In the case of poultry, one-half 
per cent or less of salt is commonly in- 
cluded in the mash. 

Salt stimulates the secretion of sa- 
liva and promotes the action of certain 
enzymes. It is an appetizer, as well as a 


I 

nutrient, and animals may therefore con- 
sume more than they actually need. 
However, since salt is cheap, Allowing 
them to take what they desire is wise. 

Sodium and chlorine are important 
in maintaining the necessary osmotic 
pressure in' the body cells, and sodium is 
the chief alkaline elemej ^gp ncerned in 
maintaining neutrality 3) ^|p dy tissues^ 
Chlorine is required the 

hydrochloric acid in thl^ptric juice. 
Blood is much richer in" sodium and 
chlorine than in other minerals. 

Sodium and chlorine are normally 
excreted chiefly in the urine. Also, sweat 
is high in these minerals. When the salt 
intake is large, the excess must be ex- 
creted in the urine, and about 5 gallons 
of urine must be produced for each 
pound of salt consumed. 

When men do hard work at unusu- 
ally high temperatures and sweat pro- 
fusely, as in deep mines and furnace 
rooms, they suffer less from fatigue if 
they take salt tablets regularly or drink 
water containing a small amount of salt. 
This replaces the salt lost in the sweat. 
Similarly, it ■ is important to provide 
plenty of salt for horses doing hard work 
in hot weather. 

If animals receive insufficient salt, 
the body retains its supply tenaciously, 
and the excretion in the urine is greatly 
reduced. However, if the lack is severe 
and long continued, injury results. The 
digestibility of food is lessened, appetite 
is much decreased, growth declines, and 
reproduction may be impaired. 

141. Consuming large amounts of 
salt. — Farm animals are not harmed by 
consuming considerably larger amounts 
of salt than they need. Advantage is 
taken of this fact in mixing salt with a 
protein supplement for cattle or sheep on 
the range, and then self-feeding the mix- 
ture to "save labor, instead of hand-feed- 
ing the protein supplement each day. 
The percentage of salt in the mixture is 
regulated so that the stock will eat the 
needed amount of protein supplement, 
and no more. The experiments in which 
this method has been tested are sum- 
marized in Chapters XXVIII and XXX. 

* Surprisingly large amounts of salt 
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may be consumed without injury in this 
method. For example, beef cows have 
eaten oy ar -2 lbs. of salt daily in such a 
mixture for long periods with no harm. 
In this method it is essential that the 
animals have access to plenty of water, 
conveniently available, so that they can 
get rid of.jjpjp excess salt through the 

* ‘ Salt^ing of stock may occur, 
if animajk^GPre' access to brine or un- 
usually salty whey, when water is not 
readily available. A very large percent- 
age of salt in the mash may kill poultry. 
For example, chicks were killed in one 
experiment when 5 per cent of salt was 
included in the ration. 1 On the other 
hand, in another test chickens grew 
normally on a ration having as much as 
8 per cent salt. 2 

142. Calcium and phosphorus. — 
Farm animals are more apt to suffer from 
a lack of phosphorus or of calcium than 
of any of the other minerals except com- 
mon salt. Calcium and phosphorus com- 
pounds make up about three-fourths of 
the mineral matter in the entire bodies 
of farm animals and over 90 per cent 
of that in thpir skeletons. Compounds of 
these minerals' also form more than half 
the minerals in milk. Therefore liberal 
amounts of cqjjcium and phosphorus are 
needed by growing animals, by those 
that are pregnant, and by those which 
are producing milk. Even for merely 
maintaining mature animals, sufficient 
amounts of these minerals must be pro- 
vided to replace the daily losses from the 
body, or injury will finally result. 

In order to assimilate and use the 
calcium and phosphorus in their food 
efficiently, animals must have sufficient 
vitamin D. As is shown in the next chap- 
ter, this may be furnished either in the 
feeds they eat or through the effect of 
sunlight or other , light that contains 
ultraviolet rays. Also, the ratio, or pro- 
portion, between the amount of calcium 
and the amount of phosphorus in the ra- 
tion should be within certain limits. A 
great excess of one of these minerals 
may be detrimental, even though the 
supply of the other is ample. The im- 
portance of this factor is discussed later. 


There is now more apt to be a need 
of a calcium or phosphorus supplement 
in addition to usual rations than in early 
days. This is because of two factors. First, 
the supply of these minerals in the com- 
mon feeds, especially in roughages, has 
decreased in the older farming districts, 
because the calcium and phosphorus con- 
tent of the soil has been depleted. Sec- 
ond, the requirements of farm animals 
for these minerals have become much 
greater, as their rates of production of 
meat or milk have been increased 
through breeding and through improved 
and more intensive methods of feeding 
and management. 

Under many conditions there is a 
plentiful supply of both these minerals 
in the rations for farm animals, without 
the addition of any special calcium or 
phosphorus supplements. On the other 
hand, a lack of one or both of these min- 
erals may sometimes occur which lowers 
production or even causes serious injury. 
It is therefore highly important to know 
whether or not there are sufficient 
amounts of these minerals in any par- 
ticular ration. 

The requirements of the farm ani- 
mals, except poultry, for calcium and 
phosphorus are stated in the Morrison 
feeding standards, and the requirements 
of poultry are shown in Chapter XXXVI. 
Specific information is also given in Part 
III as to whether or not various common 
rations are lacking in calcium or phos- 
phorus, and recommendations are there 
made for the correction of any such de- 
ficiencies. 

Stock require somewhat more cal- 
cium than phosphorus, because the 
amount of calcium in their bodies is 
much greater than of phosphorus. Also, 
milk contains slightly more calcium than 
phosphorus. In spite of these facts, there 
is less apt to be a lack of calcium than 
of phosphorus in the rations of cattle, 
sheep, or horses. This is because rough- 
ages generally make up a large part of 
the feed eaten by these animals, and 
most roughages contain much more cal- 
cium than phosphorus. Only when such 
animals are fed largely on grain and 
other concentrates or when the rough- 
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age is unusually poor, is there apt to be 
a lack of calcium. 

The condition is, however, far dif- 
ferent in the case of swine and poultry. 
They are commonly fed chiefly on grain 
and grain by-products, all of which are 
very low in calcium, but are fair or even 
high in phosphorus. 

Also, poultry require much higher 
percentages of calcium and phosphorus 
in their rations than do other classes of 
stock, and the need for calcium for egg 


cult to prevent a loss of calcium from 
the body, even when they are fed a 
ration that would supply p%ty for 
younger ones. (245) It is therefore im- 
portant that aged animals have abun- 
dant calcium. ; 

143. Composition and formation of 
bone. — The bones of matui^feimals con- 
tain about .26 per cent o i^^^ -a.1 matter^ 
20 per cent of protein, °f fat, 

and 50 per cent of water .^^pfoximately 
85 per cent of the mineral matter is cal- 



Growing Animals Need Abundant Calcium and Phosphorus 


Over 90 per cent of the mineral matter in the skeleton consists of calcium and phos- 
phorus. In certain rations the amounts of these minerals may be insufficient for health. ( From 
Ellenberger. ) 


shell formation is particularly great. Both 
calcium and phosphorus supplements 
must therefore be added to most poultry 
rations. 

Swine need somewhat greater per- 
centages of calcium and phosphorus than 
do cattle or sheep. They generally need 
a calcium supplement, unless calcium- 
rich protein supplements, such as meat 
scrap, tankage, fish meal, or milk, are 
fed in sufficient amounts. Also, it is 
beneficial to add a phosphorus supple- 
ment to some common swine rations. 

Young animals have much greater 
ability to absorb and use calcium than do 
older ones. It is shown later that in the 
case of very old animals, it may be diffi- 


cium phosphate, 14 per cent calcium 
carbonate, and I per cent magnesium 
phosphate or carbonate. 

The growth of bones in length oc- 
curs in a zone near the ends of the long 
bones. Here the mineral compounds are 
deposited in a temporary zone of carti- 
lage, Bone increases in diameter by for- 
mation of t bone under the periosteum, 
the membrane which covers the bones. 

The chief strength of a long bone 
is due to the dense, compact bone in the 
outer shaft. Inside the bone, especially 
near the ends, is spongy bone, made up 
of a lace-like bony network (called 
“trabeculae”) . This spongy bone serves 
as a reserve store of calcium and phos- 
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phorus that can readily be drawn upon 
when the supply in the feed is insuffi- 
cient to meet the needs. When the sup- 
ply is more liberal or the needs are less, 
the store can then be replenished. It is 
shown in Chapter XXV : that a high- 
producing cow normally’ draws on this 
store of njitetals in her skeleton at the 
^height of^^’oductioh, (1037) 

Unlb^H||p^' draft on tK‘e calcium 
and phosp^Ms lasts too long, the ani- 
mal is not injured at all by this process. 

* However, if the shortage continues un- 
duly long, the supply in the spongy bone 
will be exhausted, and calcium and phos- 
phorus will be drawn from the shafts 
and other supporting parts of the bones. 
This will weaken them and may produce 
serious injury. 

144. Calcium and phosphorus con- 
tent of feeds. — Because of the impor- 
tance of calcium and phosphorus, the 
author has compiled the available data 
concerning the amounts of these minerals 
in various feeds. These averages are 
given in Appendix Table I. It will be 
noted that such information is still lim- 
ited, in comparison with the data for the 
content of protein, fat, fiber, nitrogen- 
free extract and total mineral matter in 
feeds. 

In using f these figures it must be 
remembered that the amounts of these 
minerals in any particular lot of feed, 
especially of a roughage, may differ con- 
siderably from the average. When grown 
on soil low in available phosphorus or 
in calcium, roughages will generally con- 
tain decidedly less of the mineral than 
when grown on fertile soil. At early 
stages of growth, forage plants contain 
much more calcium and phosphorus, on 
the dry basis, than at later stages. 

145. Calcium content of roughages. 
— One of the most important facts con- 
cerning the calcium content of feeds is 
that legume hays and all other legume 
forages except legume straw are very 
rich in calcium. Alfalfa hay of average 
quality has 1.47 per cent calcium; red 
clover hay, 1.28 per cent; and soybean 
hay, 1.10 per cent Though the calcium 
content of legume forage is influenced 


to some extent by the amount of this 
mineral in the soil, one can always safely 
count on its being relatively rich in cal- 
cium. If the soil is too deficient in cal- 
cium, legume crops will not grow. 

Non-legume roughage in general 
contains much less calcium than that 
from legumes, and if grown on soil de- 
ficient in calcium, such roughage may 
be considerably lower in this mineral 
than indicated by the average figures. 
Timothy hay of average quality has 
0.35 per cent calcium; good-quality hay 
from mixed grasses, 0.48 per cent; and 
dry corn stover, 0.54 per cent. 

Grass that is mature, and especially 
that which is weathered, is lower in cal- 
cium than immature grass. However, 
there is generally less difference in the 
calcium content than in the content of 
phosphorus. Even mature, weathered 
grass generally has a fair content of cal- 
cium, while the phosphorus may be seri- 
ously low. 

Cereal straw is slightly lower than 
grass hay in calcium content. Silage from 
corn or the sorghums contains about as 
much calcium, on the dry basis, as does 
hay from the grasses. Roots and tubers 
are generally low in calcium. 

146. Calcium content of concen- 
trates. — All of the cereal grains are ex- 
ceedingly low in calcium, the content 
ranging from only 0.02 per cent in corn 
to 0.09 per cent in oats. None of the by- 
products of the grains is rich in calcium, 
and wheat bran, wheat middlings, com 
gluten meal, and corn distillers dried 
grains are all low. Most oil meals are 
low to fair in calcium, peanut oil meal 
having 0.16 per cent, soybean oil meal 
0.27 per cent, and linseed meal 0.37 per 
cent. 

In the process of manufacture lime 
is added to certain by-products, thus 
increasing the calcium content. For this 
reason dried citrus pulp has 1.98 per cent 
calcium, dried beet pulp 0.69 per cent, - 
and corn gluten feed 0.41 per cent. 

Milk and the animal by-products 
that contain bone, such as meat scrap, 
tankage, and fish meal, are rich in cal- 
cium. On the dry basis milk has about 
as much calcium as does legume hay, 
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dried skimmilk having 1.28 per cent. 
Fish meal has 5.36 per cent calcium, and 
meat scrap of the 50-per-cent-protein 
grade contains so much bone that it has 
10.67 per cent calcium. 

147. Phosphorus content of rough- 
ages. — There are striking differences in 
the content of phosphorus and of cal- 
cium in various feeds. While legume 
forage is rich in calcium, none of th£ 
roughages is rich in phosphorus. The 
phosphorus content of various hays usu- 
ally ranges from 0.15 per cent or even 
less, up to 0.30 per cent. Legume hay 
contains but little more phosphorus than 
grass hay of similar quality. 

Early in their growth, grasses and 
legumes have a much larger percentage 
of phosphorus on the dry basis than at 
the hay stage. Thus, mixed pasture 
grasses and clovers from well-grazed, fer- 
tile pastures have 0.58 per cent phos- 
phorus on the air-dry basis. Fodder and 
silage from corn or* the sorghums gen- 
erally have slightly less phosphorus, on 
the dry basis, than grass hay. The stover 
from these crops, the straws from the 
small grains, and likewise such feeds as 
cottonseed hulls and flax straw are very 
low in phosphorus. On the dry basis 
some roots and tubers are slightly higher 
in phosphorus than the hay crops, while 
sweet potatoes are low. 

A decided phosphorus deficiency of 
the soil reduces the phosphorus content 
of forage even more than a lack of cal- 
cium lowers the calcium content. Pas- 
turage, hay, or other forage from land 
poor in phosphorus may be so low in 
the mineral that it produces serious phos- 
phorus deficiency in stock, if it is the 
only source of phosphorus. 

Also, the phosphorus content of the 
grasses is greatly lowered as the plants 
mature and especially as the dried plants 
become weathered. Mature, weathered 
range forage is therefore often very low 
in phosphorus. 

148. Phosphorus content of concen- 
trates. — The cereal grains contain a fail- 
amount of phosphorus, differing decid- 
edly in this respect from their very low 
content of calcium. The percentage of 
phosphorus ranges from about 0.27 per 


cent in corn grain to 0.39 per cent in 
wheat. 

A very important fact is tB^t most 
of the protein-rich by-product, concen- 
trates of plant origin are much higher in 
phosphorus than are the grains or the 
roughages. Wheat bran is .especially rich 
in phosphorus, containing^^fe per cent. 
Standard wheat middlinCTHH 0.93 per_ 
cent;” cottonseed meaf^Bpfc usual 
grades, 0.89 to 1.19 pej>«pf and lin- 
seed meal, 0.86 per cent. Wheat flour 
middlings have less phosphorus than 
standard middlings, and wheat red dog 
flour contains still less. 

The protein-rich legume seeds are 
medium in phosphorus, soybeans hav- 
ing 0.59 per cent; field peas, 0.50 per 
cent; and cowpeas, 0.46 per cent. Soy- 
bean oil meal contains 0.63 per cent 
phosphorus and peanut oil meal 0.54 per 
cent. Com gluten meal is relatively low 
in phosphorus for a protein-rich concen- 
trate, while corn gluten feed has an 
average of 0.80 per cent. 

Milk is nearly as rich in phosphorus 
as it is in calcium, dried skimmilk hav- 
ing 1.04 per cent phosphorus, for ex- 
ample. Because of the bone they contain, 
meat scrap, tankage, and fish meal are 
very high in phosphorus as well as being 
rich in calcium. Thus, jmeat-and-bone 
scrap of the 50-per-cent-protein grade 
contains 5.27 per cent phosphorus, and 
fish meal 3.42 per cent. On the other 
hand, dried blood is relatively low in 
both phosphorus and calcium, having 
0.25 per cent phosphorus and 0.32 per 
cent calcium. 

149. When do lacks of calcium oc- 
cur? — Certain general conclusions can be 
drawn from these data on the calcium 
and phosphorus content of various classes 
of feeds. It is shown in Part III that dairy 
cattle, beef cattle, sheep, and horses do 
not need more than 0.2 to 0.3 per cent 
of calcium in their rations on the air- 
dry basis, except in the case of very 
young animals. 

Legume forage, no matter whether 
it is hay, silage, or pasturage, usually has 
about 1.0 per cent or more of calcium on 
the air-dry basis. Therefore when leg- 
ume forage forms any important part 
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of the ration for cattle, sheep, or horses, 
there will ordinarily be an abundance of 
"calcium * Even when no legume rough- 
age is fed to these classes of stock, there 
will usually be no deficiency of calcium 
unless the roughage is grown on soil very 
low in calcium or unless they are fed 
largely and other concentrates, 

with amount of ro^rgh- 


Altho^^Pgood dairy cows need 
large amouhts of calcium for the milk 
, they produce, it is shown in Chapter 
XXV that generally there is not apt to 
be a deficiency of calcium in their ra- 
tions when they are fed good roughage, 
even if none of it is legume forage. 
(1036) However, when no legume 
roughage whatsoever is fed to dairy 
cows, it is probably wise to furnish addi- 
tional calcium as insurance against any 
possible lack, unless the non-legume 
roughage comes from soil well supplied 
with calcium. 

It is shown in Chapters XXVIII and 
XXX that when young cattle or lambs 
are fattened on liberal amounts of grain, 
with non-legume roughage and such pro- 
tein supplements, as soybean oil meal or 
linseed meal;' there may be a decided 
lack of calcium in the ration. This is be- 
cause they do^not eat enough roughage 
to meet their calcium requirements. In 
such cases there will generally be a great 
benefit in rate and economy of gain from 
feeding a calcium supplement, such as 
ground limestone. 

If the animals have been raised pre- 
vious to the fattening period in an area 
where the forage is high in calcium, they 
may have in their liodies a sufficient 
store of the mineral to meet their needs 
during the usual fattening period. They 
may then show little or no benefit from 
the addition of a calcium supplement. 

There is an entirely different situa- 
tion with reference to the need for addi- 
tional calcium in the rations of swine 
and poultry. For the reasons stated pre- 
viously in this chapter, a calcium supple- 
ment is needed in most poultry rations, 
and swine also generally need additional 
calcium. (142) 

Disastrous results may be caused by 


stock eating too much of certain plants 
that contain considerable oxalic acid or 
soluble salts of oxalic acid. On being ab- 
sorbed by an animal, these react with 
the calcium in the body to form insoluble 
calcium oxalate, and the animal may die 
from the resulting extreme calcium de- 
ficiency. This is the cause of the severe 
losses from halogeton poisoning on cer- 
tain western range areas. (675) 

150. When are there deficiencies of 
phosphorus? — Since the cereal grains 
are fair in phosphorus content and most 
protein-rich concentrates are rich in this 
mineral, there will generally be no lack 
of phosphorus when stock are fed a con- 
siderable proportion of these feeds in a 
well-balanced ration. However, when the 
ration is balanced only by protein sup- 
plements not rich in phosphorus, there 
may be a lack. 

The phosphorus supply for beef cat- 
tle, sheep, and horses will be ample even 
when they are fed entirely on roughage, 
if the forage has been grown on soil 
reasonably well supplied with the min- 
eral. On the other hand, there may be a 
serious deficiency of phosphorus if stock 
are fed chiefly on phosphorus-poor for- 
age, without any supplement that is 
high in this essential. 

There are large areas in this and 
other countries where the forage is so 
deficient in phosphorus that serious re- 
sults are produced in livestock unless this 
lack is corrected. In these areas the soil 
is so lacking in available phosphorus that 
the forage grown on it is very low in the 
mineral. As has been pointed out in 
Chapter IV, the percentage of phos- 
phorus in grain and other seeds is af- 
fected much less by a deficiency of phos- 
phorus in the soil, but the yield may be 
reduced severely. (99) 

Fertilization with superphosphate or 
other phosphorus fertilizers not only 
greatly increases the yields of crops in 
such areas, but also generally produces 
feeds of normal phosphorus content and 
therefore prevents injury to stock from a 
lack of the mineral. Wherever fertiliza- 
tion of the land is not practicable, as on 
range areas, trouble from phosphorus de- 
ficiency may be prevented by supplying 
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bone meal or some other safe phosphorus 
supplement. 

Because of the higher phosphorus 
requirements of dairy cows, a ration of 
roughage alone or even of roughage and 
farm grain is apt to be deficient in phos- 
phorus. ( 1035 ) Therefore, unless one is 
sure that the hay or other roughage has 
a good content of phosphorus, a phos- 
phorus supplement should be added to 
such rations. 

When meat scrap, tankage, or fish 
meal are used as the only or the chief 
protein supplements in rations for swine 
or poultry, there will generally be no 
need of "adding a phosphorus supple- 
ment. On the other hand, a phosphorus 
supplement should be used when the ra- 
tion is balanced largely with such a pro- 
tein supplement as soybean oil meal, 
which is not very high in phosphorus. 

151. Value of phosphorus in vari- 
ous feeds— In some cases it is necessary 
to consider not only the amounts of phos- 
phorus in various feeds, but also the 
form in which the phosphorus is present. 

A large part of the phosphorus in seeds 
and their by-products is in the form of 
phytin, an" organic phosphorus com- 
pound. Investigations have shown that 
the phosphorus of phytin is not so well 
assimilated by certain animals as phos- 
phorus in other forms. This is especially 
the case with poultry. As shown in Chap- 
ter XXXVI, in poultry rations a certain 
proportion of the phosphorus must 
therefore be supplied in non-phytm 
form, such as bone meal or other suit- 
able ’phosphorus supplements. Hens can 
use phytin phosphorus somewhat better 
than can chicks. Recent experiments 
mentioned in Chapter XXXIV indicate 
that pigs utilize phytin phosphorus less 
efficiently than non-phytin phospho- 

rus. „ . . , 

The assimilation of phytin phos- 
phorus is improved when the ration 
has a plentiful amount of vitamin D. 
It may also be increased when the ration 
contains natural, unheated roughages, 
for these contain an enzyme which splits 
off the phosphorus from the phytin. 

Experiments have shown that rumi- 
nants can use phytin phosphorus satis- 



factorily. The phosphorus in roughages 
is generally well utilized by stock. 

152. Calcium-phosphorus Nratio. — * 

It has been mentioned previously that 
not only must animals receive adequate 
amounts of qalpium and phosphorus, but 
also there {should be a suitable propor- 
tion, or ratio, between °* 

tfitSe two* minerals. If a great* 

excess of calcium or-.,:pBw s P^ orus » , 
detrimental effects may ' ‘M/produced, 
even when there is an amount of the 
other mineral that would be adequate * 
under usual conditions. Also, less vita- 
min D is needed in the ration when 
there is a desirable calcium-phosphorus 

ratio. b . 

Apparently, little attention need be 
given to the ratio between the amounts 
of calcium and phosphorus in feeding 
cattle or sheep, if there is a plentiful 
supply of each mineral. However, recent 
experiments with beef calves have shown 
that when there is a slight shortage of 
phosphorus in the ration, adding a cal- 
cium supplement that is not needed 
may increase the phosphorus deficiency. J 

With an ample amount of both 
calcium and phosphorus, the results 
have been satisfactory when cattle have 
been fed rations having calcium-phos- 
phorus ratios ranging all ♦the way from 
more than 6 to 1 down to 0.6 to l. 4 (A 
ratio of 6 parts of calcium to 1 of phos- 
phorus is written as a ratio of 6:1.) 
In a recent New Hampshire investiga- 
tion, however, adding an excessive 
amount of ground limestone (0.2 lb. 
per head daily) to a ration for dairy 
heifers slightly decreased the digesti- 
bility. 5 Adding half as much limestone 
did ’not have this undesirable effect. 

For swine, rations having calcium- 
phosphorus ratios between 1.1 : 1 and 
1.5 : 1 seem to be most satisfactory, 6 
and* for chicks a calcium-phosphorus ra- 
tio of about 1.5 ; l. 7 

153. Effects of phosphorus or cal- 
cium deficiency; rickets. — A decided de- 
ficiency of phosphorus or calcium, or a 
failure to utilize these minerals because 
of a lack of vitamin D, will cause rickets 
in growing animals and will also pro- 
duce serious trouble in mature animals. 
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is often easily excited and may have 
attacks of fits. Respiration is rapid, and 
the animal becomes exhausted from 
slight exertion. A depraved appetite 
may develop, as shown by the chewing 
of bones, wood, or hair. In severe cases 
the animal may show a decided lack of 
appetite, especially for roughage. 

The most marked symptom of rick- 
ets in pigs is stiffness of the legs. This 
is usually accompanied by a general un- 
thrifty appearance and failure to make 
good gains in weight. Eventually, paraly- 
sis of the hind legs often occurs. This 
is due, at least in certain cases, to a 
fracture of one of the vertebrae and 


Even a moderate lack may result in a 
weak skeleton that cannot withstand the 
usual strains and shocks. 

The term rickets is commonly used 
for the disease produced in young ani- 
mals by a lack of calcium, phosphorus, 
or vitamin D. ( SometimeSTthe term is 
used , a ^ S0 ^^^ m ^ ar ^ seas « es mature 

i In rS^^Kthe blood becomes .-defi- 
cient inwlPIPborus or calcium or in 
both of tnbse minerals. As a result, nor- 
mal amounts ” of phosphorus and cal- 
cium are not deposited in the growing 
bones. The bones are therefore weak 
and are readily broken or fractured. In 


Calves Suffering from Rickets 

The calf op the left has a mild case of rickets. It is beginning to show the characteristic 
arching of the back, swollen knees, and stiffness. Note the tendency to develop long toes. 
The calf on the right has a very bad case of rickets. Note the crippled condition, bent and 
swollen knees, swollen hocks, and badly arched back. (From Huffman, Michigan Station.) 


an attempt to overcome the weakness, 
the long bones become abnormally large 
at the ends, where the growth takes 
place. Thus, characteristic enlargement, 
or “beading,” often results at the ends 
of the ribs. If rickets develops at an 
early age, the legs may become decid- 
edly deformed. 

Among the larger farm animals, 
rickets occurs most frequently in young 
dairy cattle and in pigs. The methods of 
preventing this trouble in these animals 
are therefore discussed fully in Chapters 
XXVII and XXXIV. 

In young cattle characteristic symp- 
toms of rickets are stiffness, swollen 
joints, bent knees, and an arching of the 
back, except immediately at the rear of 
the shoulders, where there is often a 
sag. The animal frequently stands 
humped up with middle drawn up and 


the resulting crushing or constriction of 
the spinal cord. 

If the disease has not advanced 
too far, the animal will usually recover 
when supplements are added to the ra- 
tion that furnish liberal amounts of vita- 
min D, calcium, and phosphorus. How- 
ever, recovery may be slow if it has 
reached the stage where there is a 
marked lack of appetite. Also, it may 
be impossible to overcome malforma- 
tions of the skeleton produced by the 
disease. 

154. Phosphorus or calcium defi- 
ciency in mature animals. — In the case 
of mature animals a deficiency of phos- 
phorus or calcium or a lack of vitamin 
D produces mineral-deficiency diseases 
that are somewhat different from rick- 
ets. 

Phosphorus and calcium are with- 
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drawn from the bones to meet the needs 
for these minerals by the body. The 
store of these minerals in the spongy 
part of the bone will be drawn on first. 
If the deficiency is not too serious or 
continued too long, the strength of the 
skeleton will not be injured. However, 
if the withdrawal continues, phosphorus 
and calcium will be taken from the 
shafts and other structural parts of the 
bones. As a result, the bones become 
porous and weak, and are easily broken. 
The animals also often become lame or 
stiff, because of injury to the joints. 

The term osteomalacia is most fre- 
quently used for the deficiency diseases 
in mature animals caused by a lack of 
phosphorus or calcium or a deficiency 
of vitamin D. Other names given to 
these troubles are pica, stiffs, and osteo- 
porosis. Sometimes these diseases are 
included under the term rickets, but 
this term is best used only for the simi- 
lar disease in growing animals. 

If breeding females are fed rations 
seriously deficient in phosphorus or cal- 
cium, the body of the mother does its 
utmost to protect the young against the 
lack by withdrawing the mineral from 
her skeleton. In extreme cases, normal 
reproduction may be prevented and the 
young may be born weak or even dead. 
This is much more apt to occur in the 
case of brood sows than with herbivora, 
for sows fed on only grain and grain 
by-products receive a ration that is disas- 
trously deficient in calcium. 

155. Effects of phosphorus defi- 
ciency. — One of the first symptoms of 
a deficiency of phosphorus is a lack of 
appetite and a run-down, unthrifty ap- 
pearance. 8 Animals that are still grow- 
ing will fail to make normal gains, and 
those producing milk will drop off 
greatly in yield. A continued lack of 
phosphorus will generally cause a de- 
praved appetite, and the animals will 
gnaw bones, wood, or other objects, 
or eat dirt in an instinctive effort to se- 
cure the needed mineral. In severe cases 
of phosphorus deficiency the animals 
sometimes no longer show a depraved 
appetite, but are listless and have little 
desire for food. 



Heavy death losses of cattle from * 
botulism have occurred on phosphorus- 
deficient range pasture, due to the eat-, 
ing of decayed bones or flesh in which 
the botulinus toxin has been produced. 

A long-continued phosphorus defi- 
ciency will often cause stiffness of the 
joints, and the bones b ecome 

fragile and easily broke»B^wvere lack 
of phosphorus in breed MI Piales may- 
cause weak or dead ofi^jpK^he milk • 
yield may also be so low tfes#4he mother 
is unable to nurse her young properly/ ^ 
High-producing cows and young stock 
are usually affected most by the de- 
ficiency, because of their greater needs 
for the mineral. In phosphorus-deficient 
areas cows frequently fail to come in 
heat regularly and often do not calve 
more than once in two years. 

In cases of phosphorus deficiency, 
animals not only have poor appetites and 
eat less feed than normal, but also they 
utilize poorly that which they do con- 
sume. 9 In phosphorus deficiency, the di- 
gestibility of the feed is not appreciably 
reduced, but the digested nutrients are 
utilized inefficiently. In cattle, but not 
in sheep, the conversion of carotene 
into vitamin A in the body may appar- 
ently be interfered with. 

156. Effects of calcium deficiency. 

— It has been shown previously in this 
chapter that cattle, sheep, or horses are 
not apt to lack calcium when good 
roughage forms a large part of their ra- 
tions. (149) However, in a few areas 
the soil is so deficient in calcium that 
serious trouble occurs unless a calcium 
supplement is provided. (1036) Injury 5 
from calcium lack may also result if 
dairy cows are fed only a small quan- 
tity of poor-quality grass hay with a 
concentrate mixture having no added 
calcium supplement. 

While dairy cows suffering from 
phosphorus deficiency are commonly 
thin and run-down in condition, those 
affected by a lack of calcium may be in 
good flesh if fed liberally on concen- 
trates, However, their milk yield may be 
greatly reduced, and their bones may 
break without any unusual strain or 
shock. 
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Because of the deficiency of cal- 
cium in all the grains, care is necessary 
,to make sure that swine and poultry are 
provided with plenty of this mineral. It 
is shown in Chapter XXXIV that a lack 
of calcium in the rations of brood sows 
may cause reproductive failure. The 
serious eiMfe^of a deficiency of calcium 
•upon hlMBfe discussed in Chapter 

lS730|Plra«m supplements. — When 
. a ration i^ied that is deficient in cal- 
cium, in phosphorus, or in both of these 
minerals, the lack should be corrected by 
the use of a suitable mineral supple- 
ment, In deciding what supplement to 
use, one should first determine which 
mineral is lacking. If the ration is defi- 
cient only in calcium and has plenty of 
phosphorus, it is uneconomical to use 
a supplement like bone meal, which 
furnishes both of these minerals. Such 
supplements cost much more than 
ground limestone or other calcium sup- 
plements, Also, if there is already plenty 
of phosphorus in the ration, it may be 
detrimental to add considerably more. 

Ground limestone , which is mostly 
calcium carbonate, is the most com- 
monly-used calcium supplement. This is 
generally cheap and is readily available 
in most areas. High-calcium limestone „ 
or caicitic limestone, is to be preferred 
as a calcium supplement, for the value 
depends on the actual amount of cal- 
cium present. Such limestone has about 
38.5 per cent of calcium. Sometimes 
"mineralized limestones,” to which small 
amounts of such minerals as manganese 
or iodine have been added, are sold at 
prices that are extremely high, in com- 
parison with ordinary limestone, con- 
sidering the actual amounts of added 
minerals. 

Dolomitic limestone , which contains 
considerable magnesium carbonate, is a 
fairly satisfactory calcium supplement, 
except for poultry. In Ohio tests the use 
of dolomitic limestone in place of high- 
calcium limestone lowered the egg pro- 
duction and tended to produce eggs 
with weak or thin shells, 10 For other 
stock dolomitic limestone has been equal 
in some experiments to high-calcium 


limestone, when fed at an equal calcium 
level, but in other tests it has not pro- 
duced as good results. 11 

Ground oyster shell is an excellent 
calcium supplement and is very popular 
for poultry. 12 It contains approximately 
as much calcium as high-calcium lime- 
stone. Ground clam shell, 13 mussel 
shell, 14 coquina shell, 15 and coral 16 are 
also satisfactory calcium supplements. 

• Marl is satisfactory as a calcium 
supplement when it does not contain 
too large a proportion of clay or sand. 
Its value per ton will obviously depend 
on the amount of calcium it supplies. 

Precipitated calcium carbonate , a 
by-product from soap and sugar fac- 
tories, is sometimes available for use as 
a mineral supplement and is entirely 
satisfactory for the purpose. 

Wood ashes contain about two- 
thirds as much calcium as does ground 
limestone and may be used in place of 
it as a calcium supplement, when avail- 
able on the farm. 

Gypsum supplies calcium in the 
form of calcium sulfate instead of cal- 
cium carbonate, as in limestone and 
the other calcium supplements that have 
been mentioned. It is apparently satis- 
factory for use as a calcium supplement 
in stock feeding, except for laying poul- 
try. 17 To meet the heavy demand for 
calcium in egg-shell formation, calcium 
in carbonate form, as in limestone or 
in oyster shell, is much superior to that 
in gypsum or in bone meal or other 
phosphate sources. 18 

Basic slag was a satisfactory cal- 
cium supplement for pigs in Mississippi 
tests. 19 

Unslaked lime or water-slaked lime 
(hydrated lime) should not be fed to 
stock, because of the caustic nature of 
these forms of lime. 

158. Phosphorus supplements. — In 
using a phosphorus supplement for live- 
stock feeding, it is necessary to see that 
the product does not have a dangerous 
amount of fluorine. As is explained later, 
if rations contain more than certain very 
small amounts of fluorine, livestock are 
injured. ( 168-169 ) 

Bone meal and products made from 
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bone are entirely safe, as they have only 
a very small amount of fluorine. On the 
other hand, phosphates of rock origin 
generally contain dangerous amounts of 
fluorine unless they have been thor- 
oughly defluorinated, or specially treated 
at a high temperature to remove most 
of the fluorine. 

The common phosphorus supple- 
ments supply calcium as well as phos- 
phorus, bone meals and spent bone black 
having about twice as much calcium as 
phosphorus. 

Information is given in Part III on 
the relative values of the different phos- 
phorus supplements for the various 
classes of stock, so far as data are avail- 
able. 

159. Steamed bone meal. — Steamed 
bone meal, often called merely “bone 
meal,” is the most common phosphorus 
supplement for stock feeding. It con- 
tains an average of 30.14 per cent cal- 
cium and 14.53 per cent phosphorus, 
with 7.5 per cent protein and 1.2 per 
cent fat. If solvent-extracted, the aver- 
age fat content is only 0.4 per cent. 

In the production of steamed bone 
meal for feeding purposes, fresh bones 
of suitable quality are cooked under 
steam pressure very thoroughly. This 
extracts most of the protein and fat, 
which are used for other purposes. The 
residue is pressed and dried, and then 
ground. 

Raw material of much better qual- 
ity should be used in making bone meal 
for stock feeding than for fertilizer bone 
meal. For feeding, only bone meal should 
be bought that has definitely been made 
for this purpose and that has been so 
prepared that it is entirely free from 
any disease-producing organisms. Ferti- 
lizer bone meal often has a rank, dis- 
agreeable smell, differing decidedly from 
good-quality steamed bone meal. 

Special steamed bone meal is simi- 
lar to ordinary bone meal, except that 
it is produced in the manufacture of 
gelatin and glue from selected bone. It 
commonly has a trifle more calcium and 
phosphorus and a little less protein 
than does steamed bone meal. It has 
very little odor and is nearly white. 


160. Cooked bone meal. — This by- 

product, formerly called raw bone meal, 
is not uncooked, but is thoroughly cooked, 
in open kettles, instead of under steam 
pressure, as in the making of steamed 
bone meal. Because of the lower tem- 
perature, the protein is removed less com- 
pletely, and cooked bone is there- 

for lower in phosphonaHBcalciiam. 
It an average of 26^^^Rent pro-*' 
tein, 5.0 per cent fat, a^JPfjper cent 
calcium and 10.25 per cent phosphorus. 
Cooked bone meal is sometimes ground 
more coarsely than steamed bone meal 
and screened into various sizes for poul- 
try of different ages. 

161. Spent bone black, or bone 
char. — Bone black is a granular product 
made by charring bone in closed re- 
torts and grinding it coarsely. It is em- 
ployed especially for clarifying and de- 
colorizing the sirup in the manufacture 
of cane or beet sugar and in making table 
sirups. After the bone black has once 
been used and has taken up organic 
impurities, it is re-charred and used 
again. Finally, it becomes too powdery 
for further use, and is then dried and 
sold as spent bone black , or bone char, 
for stock feeding or for fertilizer. 

Though black in color, spent bone 
black may have nearly as much phos- 
phorus and calcium as steamed bone 
meal. It may be used in the same man- 
ner as steamed bone meal in stock feed- 
ing* 

162. Rock phosphate; phosphorized 
limestone. — Most rock phosphate (some- 
times called “lime phosphate”) contains 
3.25 to 4 per cent of fluorine. Experi- 
ments have proved that this high fiourine 
content makes it unsafe for feeding to 
livestock as a phosphorus supplement 
for any long period, except possibly as 
part of the phosphorus supplements for 
poultry. 

The rock phosphate from a few 
areas, especially the West Indian island 
of Curacao, generally has a much lower 
amount of fluorine. In using such phos- 
phate for feeding, one should be sure 
that the level of fluorine is safe. 

Phosphorized limestone is also un- 
safe for continued feeding to livestock. 
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It is part way between limestone and 
rock phosphate in chemical composition. 
Though the percentage of fluorine is 
lower than in rock phosphate, the pro- 
portion between the amounts of phos- 
phorus and of fluorine is nearly the 
same as jg^rock phosphate. Therefore, 
if enougiBB||^horized limestone is fed 
supplHMMBfcrtain amount of phos- 
phorus, ^ ^BpE on will have neatly as 
much fluSlpras though rock phosphate 
had been used. 

In an instance which came under 
the observation of the author, disastrous 
results were produced in a dairy herd 
which, according to the owner, had been 
fed phosphorized limestone as a mineral 
supplement for 3 to 4 years. This had 
been done in a mistaken and vain effort 
to eradicate brucellosis, or Bang's dis- 
ease, by the use of a mineral supple- 
ment. 

163. Soft phosphate with colloidal 
clay, or colloidal phosphate, — This prod- 
uct is nothing but a mixture of fine parti- 
cles of rock phosphate and clay. Tt is 
the fine material that is washed out of 
pebble rock phosphate in preparing the 
rock for crushing. Formerly the material 
was wasted, but it now is sold as a phos- „ 
phate fertilizer and sometimes as a min- 
eral supplement for livestock. It has 
about 18 per cent calcium and only 9 
per cent phosphorus. In proportion to 
the content of phosphorus, it has nearly 
as much fluorine as does rock phosphate, 
and is therefore not safe for continued 
feeding. 

In certain experiments with chicks 
and pigs, summarized in Part III, soft 
phosphate with colloidal clay has not 
been a satisfactory phosphorus supple- 
ment. 

164. Superphosphate. — In the man- 
ufacture for fertilizer of superphosphate 
from rock phosphate, most of the fluorine 
is not removed. Therefore, superphos- 
phate should not be used for feeding to 
livestock over any long period. For ex- 
ample, in a New York test with chicks 
superphosphate produced satisfactory re- 
sults for 2 months, but by the end of 
10 months over half of the chickens fed 
superphosphate had died. 20 Those that 



lived had grown much slower than others 
fed bone meal. 

165. Defluorinated phosphates. — 
During the serious shortage of steamed 
bone meal in World War II, methods 
were developed for removing nearly all 
the fluorine from rock phosphate to pro- 
duce defluorinated phosphate. Accord- 
ing to the definition of the Association 
of American Feed Control Officials, de- 
fluorinated phosphate must not contain 
more than 1 part of fluorine to each 100 
parts of phosphorus. 21 Such defluorinated 
phosphate is an entirely safe substitute 
for bone meal. It may be somewhat less 
palatable than bone meal. 

The availability of the phosphorus 
and calcium in the defluorinated phos- 
phates now made in this country is nearly 
equal to that in bone meal, while the 
phosphorus in certain of the products 
made earlier was much less available. 22 

166. Dicalcium phosphate; mono- 
calcium phosphate; tricalcium phos- 
phate. — Dicalcium phosphate , an excel- 
lent phosphorus supplement with a safe 
level of fluorine, is usually made from 
rock phosphate or phosphoric acid, but 
some is made from bones. It has 18 per 
cent or more of phosphorus, in compari- 
son with 14.5 per cent for bone meal. 
Per pound of phosphorus, dicalcium 
phosphate equals bone meal as a phos- 
phorus supplement. 23 

Monocalcium phosphate is a similar 
product, except that it has more phos- 
phorus and much less calcium. Trical- 
cium phosphate , on the other hand has 
more calcium than does dicalcium phos- 
phate. 

167. Soluble phosphate added to 
water; phosphoric acid. — In areas where 
the salt content of the forage is higher 
than usual, livestock on pasture may 
consume but little common salt. When 
phosphorus supplements are mixed with 
salt, they may then not eat the desired 
amount of the mixture, and the phos- 
phates are often not palatable when fed 
alone. Under such conditions, sometimes 
sodium phosphate or another soluble 
phosphate is added to the drinking water 
in the proper amount. 24 

Jn a recent Kansas test liquid phos- 
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phoric acid, added to molasses, was a 
satisfactory phosphorus supplement for 
beef cattle or sheep. 25 As phosphoric 
acid is corrosive, the small amount 
needed must be carefully mixed with 
suitable feeds. 

168. Poisonous effects of fluorine. 
— Traces of the mineral fluorine are ap- 
parently needed by animals for the devel- 
opment of teeth of good quality, and 
these traces are amply supplied by all or- 
dinary rations. In livestock feeding, we 
are concerned only with the poisonous ef- 


the animals may become lame and have 
difficulty in walking. 

In addition to these effects, animals' 
suffering from fluorine poisoning may 
have poor appetites, and sometimes seri- 
ous diarrhea. Young animajs fail to gain 
normally, older ones loS^^^ght, and 
milk production is mudh^flHwed. 

^gerious fluorine poi^HBof stock,, 
especially cattle, has occ ^jK %u a few 
areas where the water was un- 

usually high in fluorine, <imd also in 
the vicinity of certain smelters or fae~ r 



Fluorine in Certain Rock Products May Poison Stock 


Jaw bone and teeth of cow which had been fed a mineral supplement containing fluorine 
for three years. The teeth were worn down to such an extent that the cow was unable to 
chew her feed normally. In spite of liberal feeding she became a pitiful wreck. (From Udall, 
New York State Veterinary College, Cornell University.) 


fects of fluorine when dangerous amounts 
are consumed. 

Not only is fluorine a violent poison 
when taken into the body in any con- 
siderable amount, but it is also a cumula- 
tive poison. Even very small amounts 
have a poisonous effect if steadily con- 
sumed over a long time. The chief effect 
is upon the teeth and bones. The teeth 
have faulty enamel and are so soft that 
they wear down so much that the ani- 
mals are unable to chew their food. In 
some cases the teeth are worn down to 
the pulp cavities and are so sensitive that 
the animals will not drink cold water, 
because of the pain, but lap it with the 
tongue, like cats or dogs. The bones 
become soft and are often enlarged, and 


tones where fluorine-containing flue gases 
have contaminated the soil and for- 
age. 

Several experiments have been con- 
ducted to determine the effects upon 
different classes of stock of rations con- 
taining various amounts of fluorine, the 
most extensive being the studies of 
Hobbs and associates at the Tennessee 
Station. 8 ® In the Tennessee experiments 
the teeth of cattle became worn and 
eroded when the animals were fed con- 
tinuously rations containing 0,0037 per 
cent (37 parts per million) or more of 
fluorine, 27 Even less caused marked 
staining of the teeth. In these studies the 
injurious effect of fluorine was decreased 
if 0.1 to 0.5 per cent of aluminum sul- 
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fate or aluminum chloride was included 
in the ration. 

Sheep or swine are not injured by 
fluorine unless the level is higher than 
would be detrimental to cattle, and poul- 
try are still less susceptible to fluorine 

169 JBto levels of fluorine in ra- 
dons. — ^H^Huorine is a cumulative 
poison, nHp>unt that will be safe in 
a ration class of stock will de- 

pend on hoW long the feeding of the 
* supplement is continued. Thus, in Wis- 
consin experiments with dairy cows, in- 
cluding 0.6 per cent of rock phosphate in 
the concentrate mixture produced marked 
poisonous effects only after 3 years of 
continuous feeding. 28 Then the results 
were very injurious. 

The Committee on Animal Nutri- 
tion of the National Research Council 
has recently recommended that total ra- 
tions should not contain more than the 
following percentages of fluorine from a 
rock source: Dairy cows, 0.006-0.010; 
beef cows, 0.0065-0.010; sheep and 
swine, 0.010-0.020; and chickens, 0.030- 
0.040> 

If a supplement containing fluorine, 
such as rock phosphate, is fed for only 
a short period, a somewhat higher level 
of fluorine is not injurious. 

Total rations should not have more 
than the following percentages of fluo- 
rine in soluble compounds, which are 
more readily absorbed: Dairy cows, 
0.003; beef cows, 0.004-0,005; sheep and 
swine, 0.007-0.010; chickens, 0.015- 
0.030; and turkeys, 0.030-0.040. 

The Association of American Feed 
Control Officials has adopted the follow- 
ing tentative regulation for any mineral 
or mineral mixture: “The fluorine con- 
tent of any mineral or mineral mixture 
which is to be used directly for the feed- 
ing of domestic animals shall not exceed 
0.30 per cent for cattle; 0.35 per cent 
for sheep; 0.45 per cent for swine; and 
0.60 per cent for poultry.” 21 

In using a phosphorus supplement 
of rock origin or a mineral mixture con- 
taining such a product, one should note 
the guarantee of the manufacturer con- 
cerning the fluorine content. He should be 


sure that the fluorine content of the total 
ration fed does not exceed safe limits. 

Bone meal contains about 0.03 to 
0.04 per cent of fluorine, an amount 
that is entirely safe when the usual 
amount of bone meal is fed as a phos- 
phorus supplement. 

The application of phosphate ferti- 
lizers in ordinary amounts for many 
years does not apparently increase the 
fluorine content of forages to a danger- 
ous level. 30 

170. Iodine; goiter in farm ani- 
mals. — Iodine is necessary for animals, 
because the rate of metabolism of the 
body is controlled through the action 
of an iodine-containing hormone, called 
thyroxine, which is secreted by the thy- 
roid gland in the neck. If an animal does 
not secure enough iodine in its food to 
make a normal amount of this com- 
pound, the thyroid gland may enlarge 
in an attempt to make sufficient of it, 
and the ordinary type of goiter results. 

Only very small traces of iodine are 
needed by animals, and the bodies of 
mature animals have less than 1 part of 
iodine in 3 million parts of body weight. 
In the case of farm animals a deficiency 
of iodine is apt to cause goiter only in 
the new-born young. Older farm animals 
rarely show any symptoms of a lack of 
this mineral. 

It is now well known that the soil 
and water in certain areas of this and 
other countries are so deficient in io- 
dine that additional iodine must be sup- 
plied to prevent goiter in man or in live- 
stock. In other regions the iodine supply 
is ample, and there is no benefit whatso- 
ever from furnishing additional iodine. 
In the United States the chief iodine- 
deficient areas are in the Great Lakes 
region and westward toward the Pacific 
Coast. 

Generally, iodine deficient areas are 
found only in interior districts, and the 
iodine supply is ample in most sea-coast 
regions. This is because sea water is 
rich in iodine. Ocean spray carried into 
the air evaporates, and the sea-salt dust 
is brought inland by wind. 

Before the method of prevention 
was discovered, there were heavy losses 
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of new-born pigs, lambs, kids, calves, 
and foals in iodine-deficient areas, be- 
cause of goiter. The young thus affected 
are born dead or weak, the losses being 
especially severe in the case of pigs and 
lambs. Such pigs usually are practically 
hairless, and the disease in swine is often 
called “hairless pigs.” The pigs have 
thick, pulpy skin and large necks, and 
seem unusually large and fat because of 
a bloated condition. In lambs and calves 
affected with goiter, the enlarged thy- 


If iodized salt is not readily avail- 
able, it can be mixed on the farm by 
adding one-half ounce of finely-ground' 
potassium iodide to 300 lbs. of salt. The 
mixture will contain a little more than 
0.007 per cent iodine. Because of the 
small amount of potassiu m, Jfeji ide used, 
it should be first mixed tnHHphly with 
a Tew pounds of the saltflBBhis then r 
be mixed with the rest ojHKjjjr 

In areas where iodin^^nciency is 
most serious, it may possibly be wise to 



Goiter Sometimes Causes Heavy Losses > 

A litter of pigs affected with goiter, or “hairlessness,” caused by a lack of iodine in the 
ration of the sow. Some of the pigs are dead, while others are still alive, although very weak. 
After this sow had been given iodine in the form of potassium iodide during her next gestation 
period, she produced a litter of thrifty pigs. ( From Hart, Wisconsin Station. ) 


roid gland is readily seen. In foals there 
is seldom a visible goiter, the only symp- 
tom usually being extreme weakness at 
birth. 

Experiments have proved conclu- 
sively that goiter in new-born farm ani- 
mals can be entirely prevented by sup- 
plying small amounts of iodine to preg- 
nant animals during at least the last half 
of the pregnancy period. 31 The simplest 
method of furnishing iodine is to supply 
iodized stock salt during this period, in- 
stead of ordinary salt. Such salt should 
contain 0.007 per cent of iodine, and a 
process should be used to stabilize the 
iodine so as to prevent its loss into the 
air. Otherwise, on exposure much of the 
iodine will be volatilized. 


use iodized salt regularly in place of 
common salt for all stock, and not merely 
for pregnant animals. On the other hand, 
in districts where there is no deficiency 
of iodine, the use of iodized salt or other 
iodine supplements for farm animals 
does not seem advisable. Experiments 
have shown that an excess of iodine is 
definitely injurious to animals. Organic 
forms of iodine, such as kelp, are no 
more effective than iodized salt for pre- 
venting goiter. (977) 

Certain drugs, especially thiouracil 
and thiourea, decrease the action of the 
thyroid gland and thus slow down me- 
tabolism. It is of interest, but not or- 
dinarily of practical importance, that 
cabbage, turnips, and soybeans seem to 
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f ' have a similar effect on the thyroid various diseases, will prevent sterility 

gland. Thiouracil has sometimes been and other breeding troubles, will eradi- 

used to increase the rate of fattening of cate or prevent brucellosis (Bang's dis- 

animals. ease), will cause a great increase in 

171. Iodine supplements in border- product, or will markedly increase the 
line areas. — It is rather surprising that efficiency with which feed is utilized. 

I there is belittle goiter among livestock 172. Iron and copper. — An ade- 

in manw|B|s where it has been com- quate supply of iron is necessary for ani- 
# ‘ * mon arJHnumans. Thus, there have mals, because the oxygen is transported 

| been fltfB Bjfe s of goiter in livestock in .in the blood by the hemoglobin, which 

certain gSSjpfeast of the Mississippi River is an iron-containing compound. Iron 

.{■'■> where goit&r is frequent in humans un- also has other necessary functions in the 

' less iodized salt is used. body. In spite of the importance of iron, 

Where the supply of iodine is rather the bodies of animals contain only a very 

low, but not deficient enough to cause small amount. Indeed, there is only 0.01 

ii noticeable goiter in new-born animals, to 0.03 per cent of iron in the bodies of 

the use of iodized salt may be beneficial, farm animals, 
f For example, using iodized salt instead For hemoglobin formation there 

of common salt for brood sows in a New must be small traces of copper in the 
York experiment reduced the number food, as well as an ample supply of iron, 

1 of pigs born weak or dead, although although hemoglobin contains no cop- 

there had been very few cases of new- per. Traces of copper are therefore nec- 

born pigs showing symptoms of goiter. 32 essary for animals, although this mineral 

Anyone who is in doubt as to is a violent poison when any consider- 
whether or not it is advisable to use io- able amount is taken into the body, 
dized salt in place of common salt for The amount of copper required by 

his stock under his local conditions can animals is very small, being only about 

readily secure information from his state one-tenth the requirement of iron, or 

agricultural college or county agent. even less. Where the need for copper is 

A very limited amount of data in- not increased by an excess of molyb- 
clicates that navel-ill and weakness of denum or some other condition, a con- 
foals may be lessened by feeding brood tent of only 0.6 part of copper per mil- 

mares during pregnancy as much as 14 to lion in the dry matter of forage is all 

15 grains of potassium iodide a week, that animals need. (173) 
with their grain. 33 Further results are If the food of animals is too low in 

needed before final conclusions can be iron, or in copper or cobalt, nutritional 

drawn concerning the merits of this anemia will result. In this disease there 

treatment. is a serious lack of hemoglobin in the 

In areas where there is no definite blood. Such anemia is very different 
deficiency of iodine for livestock, there from pernicious anemia in man and 
has generally been no benefit from add- from anemia caused by great loss of 
frig iodine to a normal ration. Several ex- blood, as from a wound. At least in the 
periments have been conducted to study case of some animals, anemias may also 
this question, including trials with dairy be caused by a deficiency of certain vi- 
cows, dairy calves, pigs, lambs, and tamins. 

chickens. 34 Even in the 'trials where an In all but very few areas of the 

iodine supplement has apparently been world, the usual rations of farm animals 
beneficial, the advantage has usually supply an abundance of iron and cop- 
been slight. per, except perhaps during the suckling 

In spite of these results, extravagant period, as is explained later in this chap- 
advertising claims are sometimes made ter. With this exception, there is gen- 
for various iodine supplements. For ex- erally no need of adding copper or iron 
ample, statements have been made that supplements to livestock rations, 
such products will build up resistance to In a few districts the soil is so lack- 
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mg in copper that serious disease is pro- 
duced in livestock. Copper deficiency 
in cattle or sheep causes slow growth, 
failure to fatten, and severe anemia in 
extreme cases. In young cattle, a rickets- 
like condition may result and the bones 
may become fragile. Cows in a copper- 
depleted condition may fail to conceive 
or may have difficulty in calving, and 
the calves may be born rachitic. In cop-, 
per deficiency, the hair of the cattle be- 
comes bleached in color, and wool loses 
its natural crimp, but instead is straight 
and “steely.” Where there is a deficiency 
of copper, the lack can readily be cor- 
rected by the use of such a mineral mix- 
ture as the “salt sick” mineral mixture 
widely used in Florida. (173) 

A deficiency of copper is believed 
to be the cause of the trouble of sheep 
in West and South Australia called 
“stringy” or “steely” wool, of the disease 
of sheep in West Australia called “en- 
zootic ataxia,” and of “falling disease' 
or “sudden death” of dairy cattle in West 
Australia. “Coast disease” of cattle and 
sheep in Australia and other areas seems 
to be due to a deficiency of both cop- 
per and cobalt. 

Some scientists doubt that a de- 
ficiency of iron ever occurs under natural 
conditions in livestock past the suckling 
age. However, on mineral-deficient soil 
at the Florida Range Experiment Sta- 
tion, when iron has" been omitted from 
the mineral mixture for beef cattle, the 
results have not been so good as with 
an iron supplement. 35 

Using an iron or copper supplement 
when it is not needed may be injurious. 
An excess of iron tends to interfere with 
the absorption of phosphorus, through 
the formation of insoluble iron phos- 
phates. Animals may be poisoned by the 
continued use of a mineral or salt mix- 
ture containing a far greater amount of 
copper than the mere trace needed by 
animals. 

Sometimes medicated stock salt or 
mineral mixtures containing appreciable 
percentages of copper sulfate are sold 
as preventives of stomach worms or other 
internal parasites. It was found in Texas 
studies that heavy losses of sheep on 


certain ranches were due to the con- 
tinued use of such medicated salt mix- 
tures. 36 

With the exception of milk, nearly 
all common feeds have sufficient iron 
to meet the need of farm animals, even 
though the iron content, tijywally less 
than 0.01 per cent. LeafjGJfaes, leg- 
ume seeds, wheat bran, ^gflHpnd fish r ■ 
by-products, and most are 

higher than the grains in the 

grains generally have enough; There is 
but little information concerning the *• 

actual availability of the iron in various 
feeds to farm animals, as nearly all such 
studies have been chemical tests or trials 
with small laboratory animals. 

173. Correcting copper and other 
deficiencies. — The largest area in this 
country where copper deficiency occurs 
is in Florida. For many years it had been 
known there that cattle would not thrive 
on certain areas of poor, sandy land. 
They lost their appetites, they became 
emaciated and weak, and their blood 
was very low in hemoglobin. Young cat- 
tle were most affected and were often „ 
badly stunted. Many of the animals died 
from the disease, which is called “salt 
sick.” Goats and sheep were also affected 
in certain of the areas. 

It was finally found that these con- 
ditions were due to a serious lack in the 
forage of one or more of the trace 
minerals, including copper. 37 In certain 
areas, the chief deficiency is of cobalt, 
which is discussed later. Often the lack 
of trace minerals is associated with a 
deficiency of phosphorus or calcium, or 
of both of these minerals. 

Recovery follows rapidly when the 
animals are allowed to take as much as 
they wish of a “salt sick” mineral mix- 
ture, such as the following; IOC) lbs. com- 
mon salt, 25 lbs. red oxide of iron, 1 lb. 
pulverized copper sulfate, and I ounce 
cobalt sulfate or cobalt chloride. One- 
half ounce cobalt carbonate may be used 
instead of the sulfate or chloride, as it 
is twice as high in cobalt. The mixture 
must be mixed very thoroughly, so no 
animal will get too much copper sulfate 
or cobalt, as they are poisonous if con- 
sumed in more than traces. In the areas 
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' * where the forage is also deficient in 

! phosphorus or calcium, it is necessary to 

: "include these minerals also in the mix- 

ture. 

In certain areas nutritional diseases 

I occur that are prevented and cured by 

a C0 PP^^fcp^ ement » even though the 
forage dHK normal amount of copper. 
# * * HowevefBBI assimilation and utilization 

’ of cnp^i aHy prevented by an exdess of 

' * another ifflferal or by some unknown 

cause. 38 

Investigations in England of the 
1 disease called “teartness” first revealed 

the cause of this trouble which occurred 
in ruminants, especially in calves and 
cows in milk. Animals suffering from this 
disease have serious diarrhea and run 
down in condition. It was found that 
although the pasture forage had a nor- 
| mal amount of copper, the animals were 

suffering from a copper deficiency, 
caused "bv a high content of molyb- 
denum. The trouble could be entirely 
1 corrected by supplying a copper supple- 

ment. (Molybdenum is a mineral that 
is required in mere traces by plants.) 

Other areas have since been found 
where this trouble, caused by excess 
molybdenum, "Occurs. Among these are a 
considerabl^:di$trict in southern Florida 
on organic soil, areas in southern Cali- 
fornia, and one in Manitoba, Canada. 39 
Cattle are most frequently affected, es- 
pecially voung animals. Sometimes sheep 
are injured, and also even horses, swine, 
and chickens. 

The amount of copper needed in a 
mineral mixture to prevent the disease 
will depend on the molybdenum content 
of the forage. Advice should therefore 
be secured from the local agricultural 
college or experiment station as to the 
proper mineral mixture to use in any par- 
ticular area. In the Everglades district 
of Florida, the following mixture is rec- 
ommended: Steamed bone meal 50.0 
lbs., common salt 44.7 lbs., pulverized 
copper sulfate 2.5 lbs., copper oxide 0,8 
to 1.2 lbs., depending on the copper 
content, and cobalt carbonate 1.0 ounce 
or cobalt sulfate or chloride 2,0 ounces. 
(Copper oxide is used to furnish part 
of the copper, as it is less soluble and 


less toxic than copper sulfate. Two : ? 
pounds of aluminum sulfate is sometimes 
added to the mixture but is not con- 
sidered necessary.) 

Another copper deficiency disease j 
that occurs with a normal amount of 
copper in the forage is “swayback” of 
new-born and young lambs, which oc- 
curs in several areas in Great Britain. 

.The lambs suffer from incoordination 
or paralysis of the legs and often die. 

The trouble can usually be prevented by 
feeding a copper supplement to the 
ewes during pregnancy. This can be 
done by mixing 0.3 lb. of copper sulfate 
with each 100 lbs. of salt. The forage in 
these areas is generally normal in cop- 
per content, but it is apt to have an un- 
usually high content of lead and zinc, 
which apparently interferes with the uti- 
lization of the copper in the feed. ^Cop- 
per pine” of calves also occurs in some 
areas of Scotland with a normal content 
of copper in the forage, and no excess 
of molybdenum. 40 

174. Anemia of suckling animals. 

— Milk is exceedingly low in iron and 
also in copper, and it is not possible by 
any method of feeding the mother to in- 
crease the amounts of these minerals in 
her milk. To offset this lack, young 
mammals are born with a store of the 
minerals in their bodies which normally 
suffices until they begin to eat other food 
that supplies plenty of these minerals. 

If they are kept on milk alone for an 
unusual length of time, disaster will 
follow because of these and other lacks. 

When young farm animals are 
raised under normal conditions and are 
allowed to eat other feed as soon as they 
will take it, there is generally no trou- 
ble whatsoever from anemia (the lack of 
hemoglobin), except in the case of suck- 
ling pigs which are not on pasture but 
are confined away from the soil Anemia 
may readily be prevented in such suck- 
ling pigs by one of the methods de- 
scribed in Chapter XXXIV. 

175. Cobalt. — In 1935 it was first 
reported that certain serious diseases of 
grazing stock in Australia were definitely 
caused by a deficiency of cobalt in the 
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feed. 41 Since then, in widely-scattered 
areas of the world, it has been proved 
that lack of cobalt or of both cobalt and 
copper is the cause of hitherto baffling 
diseases of ruminants. 

In North America, it has been de- 
termined that a lack of cobalt has pro- 
duced serious troubles in certain areas 
of Florida, Maine, New Hampshire, 
Michigan, New York, Wisconsin, and. 
Western Canada. 42 However, cobalt-de- 
ficiency is distinctly a local problem, and 
in most of our country there is appar- 
ently no lack of cobalt in livestock feed- 
ing. 


after cobalt is supplied. It is sometimes 
difficult to distinguish the symptoms of 
cobalt deficiency from those caused by 
a lack of phosphorus. However, if the 
appetite is not improved decidedly after 
2 weeks of cobalt feeding, the trouble is 
not due to cobalt deficiency^^#iis way, 
one can readily find whe^^B cobalt 
deficiency is actually the-mKm of the 
malnutrition in his stock. 

Cobalt is required by-«|/bacteria 
which are so important in tM digestion 
of feed and the synthesis of B-complex 
vitamins by ruminants. It is believed that 
the chief cause of cobalt-deficiencv trou- 



The Pig on the Left Has Severe Anemia 

These pigs are litter mates. The one on the left was raised by its mother in a hog house 
and a small paved exercise lot, without access to the soil. It has severe anemia, due to the 
lack of iron and copper in milk. The thrifty pig on the right was transferred spen after birth 
to a sow whose udder was swabbed with a solution of ordinary iron sulfate. ( From J. P. Will- 
man, Cornell University.) 


In cobalt-deficient areas, the trou- 
ble occurs both with stock on pasture 
and with animals fed winter rations. 
Young animals are more apt to be af- 
fected than mature ones. 

Cattle or sheep suffering from co- 
balt deficiency lose their appetites, be- 
come unthrifty and emaciated, and may 
have a depraved appetite, especially a 
desire to eat hair or gnaw wood or bark. 
A serious anemia may also be produced. 
Young animals fail to make proper 
growth, and in severe cases animals may 
“pine away" and die. On some farms af- 
fected by the trouble, a considerable 
proportion of the lambs have been lost 
because of this deficiency. 

Cobalt-deficient animals usually 
show marked improvement in appetite 
and other conditions within 3 to 7 days 


bles in ruminants is a lack of vitamin 
B 32 , produced by a greatly lessened for- 
mation of this vitamin in the rumen 
when there is a serious lack of cobalt in 
the food. Cobalt-deficiency in sheep has 
been cured by feeding or by hypoder- 
mic injection into the blood of sufficient 
amounts of vitamin B 12 . 43 

These discoveries explain why non- 
ruminants need less cobalt than do rumi- 
nants. Horses, on the same pastures 
where cattle suffer from cobalt defi- 
ciency, are not affected. However, even 
non-ruminants, such as swine and poul- 
try, need minute traces of cobalt, be- 
cause vitamin B I2 , which they require, 
contains cobalt. (220) In recent experi- 
ments adding cobalt to low-cobalt ra- 
tions for growing pigs has increased the 
gains. 
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Only mere traces of cobalt are re- water, spray it over the salt with a small 
quired by cattle and sheep, a content of fly sprayer, and then mix the salt well. 
-1 part of cobalt in 10 million parts of Thorough mixing is essential, so that no 
the ration, on the dry basis, providing an animal will get a large excess of cobalt, 
-ample ampunt The requirement for which would be injurious. In cobalt-de- 
sheep seems to be slightly higher than ficient regions, the needed trace of co- 
for cattl&^E&ep show definite symptoms bait is rather generally added by the 
of cobalt deficiency when pasture forage manufacturer to commercial formula 
has less VKabout 0.7 part per 10 mil- feeds. 

' lion, basis, while cattle may Although an animal can be poi- 

not suffflrPfetil the content is 0.4 part soned by a considerable amount of a 
per 10 rrraMon parts. Before the cause cobalt salt, no injury is produced by a 
of the disease was discovered, farmers ration that contains one hundred times 
had found that it could be cured by the amount actually needed. 45 
moving the affected animals from the Where there are deficiencies of cop- 

4 sick” area to a “healthy” pasture. In- per or iron in addition to cobalt, such a 



Effects of Cobalt Deficiency 


Left, yearling heifer suffering from severe cobalt deficiency on cobalt-deficient pasture. 
Right, the same Beifer 2 months before freshening and 7 months after she had been supplied 
with a “salt-sick” mineral mixture containing cobalt, on the same pasture. The heifer showed 
marked recovery within 2 months after cobalt was supplied. (From Becker, Florida Station.) 

vestigations showed later that the re- mixture as the “salt sick” mineral mixture 

covery on “healthy” areas was due to a used in Florida should be fed. ( 173 ) In 

higher cobalt content of the forage. an area where the salt content of the 

Legume forage generally has more pasture forage is so high that the animals 

cobalt than do the grasses, but yet may do not eat much salt, as in some areas 

sometimes be deficient. Timothy seems of Scotland, 3 lbs. of cobalt sulfate per 

to be often especially low in cobalt. Re- acre can be mixed with superphosphate 

cent studies have shown that heavy fer- and applied to the pasture, 

tilization of soil rather low in cobalt with For animals already seriously af- 

ordinary complete fertilizer may reduce fected by cobalt deficiency, it may be 

the cobalt content of forage, because of necessary to administer cobalt as a 

the heavy crop yields. 44 drench. For mature cattle a suitable 

In cobalt-deficient areas trouble treatment is 1 tablespoonful per day of 

from the lack of cobalt can be prevented a solution of 1 ounce of cobalt sulfate 

by mixing 1.0 ounce of cobalt sulfate or in I gallon of water, for a week or two, 

cobalt chloride, or else 0.5 ounce of co- after which the cobalt can be supplied 

bait carbonate, in each 100 lbs. of salt, in the salt. For very young calves 2 tea- 

in order to mix this very small amount of spoonfuls of this solution per day can 

cobalt salt thoroughly with the com- be added to the milk for the first couple 

mon salt, it is best to dissolve it in a little of weeks. 
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Except in areas where a cobalt de- 1 
ficiency is known to exist, or where £ 
symptoms strongly indicate such a defi- 
ciency, there is no advantage in adding ] 
cobalt to salt or to a mineral mixture. 

A normal appetite for feed shows that • 
animals are getting sufficient cobalt in : 
their usual rations. 

A lack of cobalt or a combined de- 
ficiency of cobalt and of copper and 
perhaps iron has been found to be the 
cause of “salt sickness” in cattle and sheep 
in Florida. Cobalt deficiency is the cause 
of “bush sickness” and similar diseases or 
sheep and cattle in certain areas of New 
Zealand and Western Australia. The 
“pining disease” of sheep in some dis- 
tricts of Scotland and England is usually 
due to cobalt deficiency, while the coast 
disease,” which affects cattle, sheep, and 
goats in South Australia and certain 
other regions, is apparently caused by a 
lack of both cobalt and copper. 

176. Sulfur.— Sulfur is necessary 
for animals, because it is an essential 
part of most proteins and also of cer- 
tain vitamins and other compounds 
needed in the vital processes of the body. 
In proteins, sulfur occurs in methionine, 
one of the essential amino acids, and 
also in cystine, which can partially re- 
place methionine in function. 

Fortunately, animals need but a 
verv small amount of sulfur in their food, 
and plenty is apparently furnished by 
nearly all well-balanced rations. Sheep 
require more sulfur than do other farm 
animals, because wool is high in cystine, 
having about 4 per cent. However, m a 
Canadian experiment with ewes, there 
was no benefit from adding sulfur to a 
low-sulfur ration that had only 0.08 per 
cent sulfur. 40 In an Oregon trial with 
dairy cows, there was no advantage m 
adding sulfur to a low-sulfur ration 
which had 0.1 per cent sulfui. 

Most rations supply more than these 
amounts of sulfur . 40 However in a few 
areas, as in certain districts of the north- 
western coast states, the soil is s 
in sulfur that the yield and also the sul- 
fur content of legume forage crops are 
much reduced, unless a sulfur fertilizer 
is applied. In an Oregon experiment, 


lambs fed such low-sulfur alfalfa hay 
gained considerably less than did others 
fed alfalfa from a sulfur-fertilized. 
plot. 49 

It was formerly believed that ani- 
mals had little, if any, ability to use sul- 
fates or free elemental sulfiaJor making 
the sulfur-containing amiriMwds. Re- 
cent experiments have P r< ?*Mr owev . er ’ r 
that nnninants fed a lo\ffl^B^ ration^ 
can use sulfates and even ujjjfculrur tor 
this purpose to a limited extent, though 
such sulfur may be less effective than r 
that supplied by methionine.-* Such 
synthesis of simple forms of sulfur into 
the sulfur-containing amino acids prob- 
ably comes about through the bacterial 
action in the rumen. However, even 
chicks can apparently use some sulfate 
sulfur for protein formation when added 
to a low-sulfur ration. 1 ’ 1 

It has been shown in Chapter V that 
the protein in certain common feeds, es- 
pecially some legume seeds, is low in 
methionine and cystine, and therefore 
is inefficient for non-ruminants unless 

this lack is corrected. (122) 

Adding finely powdered sulfur to a 
poultry mash tends to prevent coccidio- 
sis but such addition greatly increases 
the vitamin D requirement. It is there- 
fore detrimental unless the birds have 
an abundant supply of this vitamin. 
Claims have been made that the feeding 
of sulfur or sulfurized salt to cattle would 
repel lice or flies, but there was no such 
effect in Texas and Kansas tests.-*- 

177. Potassium.— Potassium is es- 
sential for animals, and the bodies of 
animals contain more potassium than 
they do of either sodium or chlorine. 

■ However, the usual feeds supply ample 
i amounts of potassium, and there is no 
t need of adding potassium supplements 

l to livestock rations. # , 

Veiy heavy fertilization with po- 
5 tassium may greatly increase the po- 
, tassium content of forage crops and re- 
duce the calcium so much that a calcium 
, supplement is needed by dairy cows or 

- other stock. 53 . . 

3 It has been a disputed point as to 

r whether or not the presence in a ration 
0 f a considerable amount of potassium 
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will cause an increased excretion of 
sodium, and therefore a greater need for 
.common salt. 54 Though this often does 
not seem to be the result, nevertheless 
he^bivora, living largely on forage plants, 
which are generally high in potassium, 
require more salt than swine and poul- 
try, w^^^nsume rations rather lower 

l'Mj^Rgnesium. — Magnesium is 
presentlpPwery small amounts in the 
bodies cJ^animals, forming only from 
0.02 to 0.05 per cent of the bodies of 
farm animals. Nevertheless, it is neces- 
sary for life. If experimental animals are 
fed rations from which the magnesium 
has been removed as completely as pos- 
sible, they will show increasing irritabil- 
ity after a few days and a little later die 
in convulsions. 

Most normal feeds contain the small 
amounts of magnesium that are neces- 
sary for animals. Therefore, there is gen- 
erally no lack of it in any ordinary ra- 
tion fed livestock. 

In experiments to determine mag- 
nesium requirements, only 0.06 per cent 
has been needed by dairy calves, 0.04 
per cent by chicks, and 0.05 per cent by 
ducks. 55 Ivfbst feeds have much more 
magnesium this. For example, al- 
falfa hay hak^0.29 per cent and corn 
grain 0.10 pdf cent. (Appendix Table 
IV.) 

When whole milk is fed to calves 
as the only food for an unnaturally long 
period, it is apparently necessary to add 
a magnesium supplement, as well as iron 
and copper. 

It was formerly believed that mag- 
nesium had a decidedly antagonistic 
action toward calcium in the body, and 
that an excess of magnesium would 
cause a large loss of calcium, thus pro- 
ducing injury. More recent experiments 
have shown, however, that unless the 
excess of magnesium is very large, no 
bad results will be produced, provided 
that the ration has an ample supply of 
calcium and phosphorus. As has been 
stated earlier in this chapter, dolomitic 
or magnesian limestone is fairly satis- 
factory as a mineral supplement, ex- 
cept for poultry. ( 157 ) 


179. Grass tetany; wheat or oat 
pasture poisoning. — A serious disease, 
called grass tetany or grass staggers, in 
which the blood has a very low content 
of magnesium and often also of calcium, 
has been reported from many parts of 
the world. 56 It occurs chiefly in milking 
cows, often shortly after calving, and in 
lactating ewes, but has also been re- 
ported in dry cows, steers, and calves. It 
’frequently appears soon after the ani- 
mals are turned to pasture in the spring. 
The usual symptoms are nervousness, 
lack of appetite, rapid breathing and 
pulse rate, and finally convulsions and 
coma, often ending in death. The poison- 
ing that sometimes occurs on young 
wheat or oat pasture seems to be similar 
to or the same as grass tetany. 

The exact cause of the disease has 
not been determined. Sometimes the for- 
age is low in magnesium, but in other 
cases the content is normal. The most 
commonly used treatment is the hypo- 
dermic injection of a solution of calcium 
gluconate, with or without the addition 
of glucose, magnesium, or phosphorus. 57 
If the animal is not treated before it loses 
consciousness, there is little chance of re- 
covery. In some cases the feeding of a 
magnesium supplement, or providing dry 
feed in addition to pasture, has appar- 
ently aided in preventing the trouble. 

180. Manganese. — Manganese is 
essential for animals and also for plants, 
but only mere traces are needed. All or- 
dinary feeds have small amounts of man- 
ganese, and most rations apparently fur- 
nish plenty for all classes of stock except 
poultry, which have unusually high re- 
quirements for it. 

Claims have been made that man- 
ganese or other trace mineral supple- 
ments will prevent or cure brucellosis 
(Bang's disease) in cattle. However, in 
Wisconsin, Ohio, and Missouri experi- 
ments such supplements have had no 
such effect. 58 

The special needs of manganese by 
poultry for the prevention of perosis, or 
‘slipped tendon,” and for hatchability 
of eggs are discussed in Chapter XXXVI. 
The small amount of manganese needed, 
even by poultry, is shown by the fact 
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that the addition of only one-quarter 
pound of manganese sulfate per ton of 
poultry mash provides insurance against 
a deficiency of the mineral. 

Symptoms of manganese deficiency 
have been produced in rats and rabbits 
by feeding them highly-purified experi- 
mental rations containing practically no 
manganese. In rats a deficiency of man- 
ganese lessens growth, produces poor 
bones, and impairs reproduction and 
lactation. In rabbits it causes weak bones 
and crooked legs. 

The manganese requirements of 
swine have been investigated by using 
purified rations exceedingly low in the 
mineral, or rations having an unusually 
low manganese content. From Wiscon- 
sin trials it was concluded that swine 
need 25 to 30 parts of manganese per 
million parts of feed for optimum growth 
and best reproduction. 59 In a Florida ex- 
periment a ration having only 3 parts per 
million of manganese depressed early 
growth, and sows raised on this ration 
produced weaker pigs than did those re- 
ceiving more manganese. 60 However, in 
Arkansas and Indiana studies pigs grew 
normally on rations extremely low in 
manganese, having only 0.5 to 1.5 parts 
per million. 61 

A considerable excess of phosphorus 
in a ration interferes with the utilization 
of manganese, because of the formation 
of compounds in which the manganese 
is unavailable. Apparently for this rea- 
son, in Pennsylvania experiments pigs 
developed stiffness and crookedness of 
the legs and enlarged hocks on rations 
containing considerable low-grade tank- 
age, which was very high in bone. 6 ** 
Adding a manganese supplement to the 
ration prevented the trouble, but did not 
cure it after it bad developed. 

In Indiana studies with dairy calves, 
the growth rate was a trifle less and sex- 
ual maturity was delayed on a ration 
having only 6 to 8 parts of manganese 
per million, in comparison with higher 
levels. 63 

Most hays have 20 or more parts 
of manganese per million. The grains are 
lower, as a rule, corn being especially 
low. Wheat bran, wheat middlings, and 


rice bran are particularly high in man- 
ganese. 

181. Zinc. — Very little information., 
is available concerning zinc in animal 
nutrition. Experiments with % rats fed 
highly purified diets, freed as thor- 
oughly as possible from §ric, have 
shown that traces of it are Jjjjfcjsary for 
good growth and also for;^Bpial hair r 
development. 64 ^ ; J al lf , 

It has just been ioxmimm experi- 
ments that adding a zinc sup^ement to 
a ration helps prevent and cure parakera- r , 
tosis in swine, a skin disease that some- 
what resembles mange hut is apparently 
of nutritional origin. 65 A ration that has 
an excessive amount of calcium supple- 
ment seems to increase the trouble. 

In swine herds where parakeratosis 
has been prevalent, it is recommended 
that 0.5 lb. of zinc carbonate or 1.0 lb. 
of zinc sulfate should be added per ton 
of the feed mixture. This should be dis- 
continued about 2 weeks before the 
swine are sold for slaughter. 

With this exception, there is no need 
of adding a zinc supplement to any or- 
dinary ration, so far as we know. Claims 
have been made that a zinc supplement 
will increase the length of life of farm 
animals, hut the author has seen no scien- 
tific evidence to this effect.. 

On account of the wide use of gal- 
vanized (zinc-coated) containers for 
liquids, studies have been conducted to 
find whether or not sour foods would 
dissolve sufficient zinc to be poisonous 
to animals. In Oklahoma tests buttermilk 
stored in galvanized tanks for some time 
was not poisonous to rats. 66 Probably 
most cases of poisoning attributed to zinc 
have been due to lead, which is present 
in most zinc coatings. 

182. Charcoal; coal. — Wood char- 
coal or coal is sometimes included in 
mineral mixtures or added to concentrate 
mixtures, especially for swine or poultry. 
Charcoal consists * chiefly of carbon in 
elemental form and supplies but little 
mineral matter. Its use is sometimes ad- 
vocated as a corrective of diarrhea and 
an absorbent or adsorbent of gases and 
of ' detrimental ' ■ decomposition ■ products 
produced in the intestines. 
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However, several experiments with 
growing and fattening pigs have eonclu- 
-sively proved that adding charcoal or 
either hard or soft coal to an ordinary 
ration is not beneficial or economical. 67 In 
these trials more feed has usually been 
required Jfr 100 lbs. gain on rations 
with adt^^feharcoal or coal than without 

* Ca|Ha experiments with chicks 
show thlraiarcoal tends to absorb vita- 
mins and nbid them so that they are not 

, available. 68 Therefore adding charcoal to 
a ration may produce a vitamin defi- 
ciency, unless the ration contains a 
greater supply of vitamins than the min- 
imum amount ordinarily needed. 

In New York experiments with 
chicks and with laying hens the addition 
of charcoal to the ration did not have 
any beneficial effect on growth, egg pro- 
duction, feed utilization, or mortality. 69 
In cases of severe diarrhea the condition 
of the droppings was not influenced by 
charcoal, though there was some im- 
provement in mild diarrhea. 

183. Acid-base balance. — In the tis- 
sues, a proper balance must be main- 
tained between the alkaline, or basic, 
compounds and the acidic compounds in 
the blood and other body fluids. Some 
minerals, sudltj as phosphorus, chlorine, 
and sulfur, are acid in reaction, while 
others, such as calcium, sodium, potas- 
sium, and magnesium, are alkaline. The 
proportion of bases and of acid con- 
stituents in the food often varies widely. 
It is therefore fortunate that the body 
has much ability to maintain the neu- 
trality of the blood in spite of consider- 
able differences in the intake of alkalies 
and acids in the food. 

Farm animals, especially ruminants, 
have great ability to produce ammonia 
in the body tissues to neutralize any 
ordinary excess of acid. Therefore, any 
amount of acid that may be present in 
an ordinary ration is not injurious, if 
the ration furnishes sufficient amounts of 
calcium and other essential minerals. 

Organic acids, such as the lactic 
acid and acetic acid in silage, do not 
tend to produce an acid reaction in the 
body. If they are completely oxidized, 


they yield only carbon dioxide and water. 
For this reason, experiments have abun- 
dantly proved that the continued feed- 
ing of liberal amounts of corn silage to 
dairy cows for several years has no in- 
jurious effect whatsoever. 70 Also, cows, 
calves, and swine have been fed with- 
out harm greater amounts of dilute min- 
eral or organic acids than would be con- 
tained in any normal ration. 71 

Only when silage preserved with 
phosphoric acid or other mineral acids is 
fed, is there usually any need of giving 
attention to the acid-base balance of 
the ration. In feeding such silage, ground 
limestone or a mixture of limestone and 
sodium bicarbonate should be added. 
(432) 

184. Does apparent craving for 
minerals indicate deficiency? — When 
farm animals gnaw bones, wood, or other 
objects, or eat dirt, it often indicates a 
deficiency of phosphorus or some other 
mineral. (155) However, sometimes ani- 
mals show such a tendency when there 
is no deficiency whatsoever. For example, 
horses often gnaw wooden mangers when 
they are in excellent health and are 
amply supplied with all nutritive essen- 
tials. When livestock display such ten- 
dencies, one should investigate the pos- 
sibility of a mineral deficiency in their 
rations, and then correct any such lack. 

That such a tendency does not al- 
ways indicate a lack of a mineral is well 
shown by an interesting case at the Na- 
tional Institute for Research in Dairying 
in England. 72 Pigs eagerly licked and 
gnawed copper rings at the base of steel 
posts in the pens of the swine barn. A 
test was therefore conducted in which 
plates of various metals were placed in 
the pens. The pigs showed a tendency 
to lick only the plates of copper or cop- 
per alloy. It might have been supposed 
that this indicated a lack of copper in 
their feed. However, careful tests showed 
that there was no benefit from adding a 
copper salt to the ration. 

185. Trace minerals; trace mineral- 
ized salt. — It has been shown previously 
in this chapter that in certain areas, and 
only in certain areas, deficiencies occur 
of one or more of the trace minerals — 
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iodine, copper, iron, cobalt, and manga- 
nese. The dramatic curing of serious live- 
stock trouble by the use of a very small 
amount of a trace mineral has caused 
many stockmen to wonder whether they 
should not regularly supply their animals 
with a mixture of trace minerals as in- 
surance against any possible deficiency. 

Some of the large salt companies 
are marketing trace mineralized salt tp 
which the various trace minerals have 
been added. Trace minerals are also 
now included in many commercial min- 
eral mixtures and formula mixed feeds. 


which indicate that for optimum growth 
chicks require an unidentified trace min- 
eral or a combination of minerals, in 
addition to the previously known min- 
eral needs. 

186. Using simple mineral mix- 
tures. — When a ration is f djigfc at is de- 
ficient in calcium or in pMBKrus, this 
lack should be corrected aHKe use of- 
a suitable mineral suppldHfe as has 
been shown previously. yfwmrs. mixture 
of ground concentrates is fcfeing fed, the 
proper amount of the mineral supple- 
ment may be mixed with the concen- 



A Covered Feeder Protects Minerals from RAin 

A convenient covered feeder for supplying cattle on pasture with salt and a mineral 
mixture. ( From New York State College of Agriculture, Cornell University. ) 


It should be borne in mind that 
over much of our country there are no 
known deficiencies for the larger farm 
animals of any of the trace minerals. 
Where there is no deficiency of a trace 
mineral, money spent for trace mineral 
supplementation is wasted. If a stock- 
man is in doubt as to whether or not it 
will be profitable for him to purchase a 
trace mineral supplement for his ani- 
mals, the wise plan is to secure advice 
from his agricultural college, experiment 
station, or county agent. 

In the chapters dealing with the 
various classes of stock, there are sum- 
marized the experiments in which the 
addition of trace minerals to ordinary ra- 
tions has been tested. In Chapter XXXVI 
very recent experiments are summarized 


trates. In other cases, the mineral sup- 
plement is best mixed with salt to make 
it more palatable, and the mixture then 
placed in a suitable box or trough, where 
the stock can have access to it. The in- 
stinct of farm animals guides them to 
consume enough of the mineral mixture 
to correct the deficiency in the ration. 
In a humid region the mineral feeder 
should preferably be covered, to protect 
the contents from rain. 

If the only deficiency is of calcium, 
such a mixture as 2 parts by weight of 
ground limestone or some other calcium 
supplement and 1 part of common salt 
is satisfactory, A mixture like this is very 
much cheaper than one that supplies 
phosphorus in addition. If phosphorus is 
deficient and there is plenty or calcium 
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in the ration, such a mixture as 2 parts 
or more by weight of bone meal or some 
-other safe phosphorus supplement and 
X part common salt is excellent. It should 
be remembered that bone meal supplies 
both phosphorus and calcium, and con- 
tains twiceias much calcium as it does 


4 If tlnKis a decided lack of calcium 
# in the pHfx and also a possible de- 
ficiency BRphosphorus, then a combina- 
tion of a calcium supplement with a 
, phosphorus supplement like bone meal 
may be desirable. It has been empha- 
sized in this chapter that for cattle, 
sheep, and horses, there is only rarely a 
deficiency of calcium, except in the case 
of fattening cattle or sheep fed non-leg- 
ume roughage. Where there is probably 
no lack of calcium, it is unwise to use a 
mineral mixture that is high in calcium 
and relatively low in phosphorus. 

Such a mixture as 4 parts by weight 
of steamed bone meal, 4 parts of ground 
limestone, and 2 parts of salt is often 
used for all classes of stock, but this 
supplies 4 times as much calcium as 
phosphorus. Unless there is a decided 
lack of calcium in the ration, a better 
mixture for ^cattle, sheep, and horses is 
a mixture oj.bone meal and salt, or such 
a combination as 60 parts by weight of 
steamed bone meal, 20 parts of ground 
limestone, and 20 parts of salt. 

In using one of these mixtures, it is 
wise to supply common salt separately 
in addition, so that the animals will not 
have to consume more of the mineral 
mixture than they need in order to get 
sufficient salt. However, in an area where 
the forage, water, or soil has consider- 
able salt, animals consume much less 
salt than usual. If salt is provided sepa- 
rately, they may then not take the 
needed amount of phosphorus or cal- 
cium supplement. 

If no salt is supplied separately, a 
mineral mixture for cattle should contain 
one-half salt and a mixture for swine at 
least one-third salt. A suitable mixture 
for cattle, when no additional salt is pro- 
vided, is 2 to 3 parts by weight of bone 
meal, 1 part ground limestone, and 3 
parts common salt. A good mixture for 


swine is made up of equal parts by 
weight of these three supplements. 

In areas where there is trouble from 
goiter in livestock, one-half ounce of 
potassium iodide should be included in 
each 300 lbs. of mineral mixture for 
pregnant animals, unless iodized salt is 
fed separately. In the localities where 
there is a deficiency of copper or cobalt, 
these minerals should be supplied, as 
previously advised. 

187. Commercial mineral mixtures. 
— Many commercial minerals for* the 
various kinds of stock are on the market. 
Some of these are composed entirely of 
the satisfactory phosphorus and calcium 
supplements, common salt, and often 
trace minerals. Others are more complex, 
containing in addition such substances 
as Epsom salts, Glauber's salts, sulfur, 
sodium carbonate, silicates, and char- 
coal. 

In the experiments in which such 
complex mineral mixtures have been 
compared with more simple mixtures, 
the complex mixtures have generally been 
no better. 

Before purchasing a commercial 
mineral mixture, one should note care- 
fully the guaranteed content of various 
minerals, especially of phosphorus and 
of calcium. If his stock need chiefly a 
phosphorus supplement, it is uneconomi- 
cal to buy a mineral mixture that has 
several times as much calcium as it has 
of phosphorus.. 

Because limestone and other cal- 
cium supplements are so much cheaper 
than bone meal or other safe phosphorus 
supplements, commercial mineral mix- 
tures are apt to be relatively low in phos- 
phorus. Some have 4 to 6 times as much 
calcium as phosphorus, and yet are sold 
at a high price. If the chief need of the 
animals is for additional phosphorus, the 
purchase of such a mineral mixture is 
not wise. 

QUESTIONS 

1. What are some of the vital functions of 

minerals? 

2. Discuss the importance and use of com- 

mon salt in stock feeding. 

3. What use is made in range areas of the 
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4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13, 

14. 


15. 

16. 

17. 

18. 

19. 


20 . 


21 . 


22 . 

23. 

24. 

A 


ability of cattle and sheep to consume 
large amounts of salt without injury? 

Why are calcium and phosphorus of es- 
pecial importance in stock feeding? 
Why is there now more often a lack 
of these minerals than formerly? 

How do the bones serve as a storehouse 
of calcium and phosphorus? 

State the relative calcium content of 
the following: (a) Legume forage; 
(b) non-legume forage; (c) cereal 
grains and other seeds and their by- 
products; (d) milk; (e) meat scrap, 
tankage, and fish meal. 

State the relative phosphorus content of 
each of the above groups of feeds. 

Why is a calcium supplement advisable 
for swine and poultry, while it is not 
generally needed for cattle, sheep, or 
horses? 

When may a lack of phosphorus occur 
in feeding the following: (a) Dairy 
cows; (b) beef cattle and sheep; (c) 
swine and poultry? 

By what kind of stock is phytin phos- 
phorus not well utilized? 

For what kinds of stock is the calcium- 
phosphorus ratio important? 

What is the cause of rickets? Describe its 
effects. 

What are the effects on mature animals 
of a lack of calcium or phosphorus? 

How do the symptoms of phosphorus 
deficiency and of calcium deficiency 
in dairy cows differ? 

Name 5 satisfactory calcium supple- 
ments. 

Name 4 safe phosphorus supplements. 

Discuss the effects of fluorine on live- 
stock. 

What is the importance of iodine for 
farm animals? Would you feed an io- 
dine supplement to stock in a non- 
goitrous area? 

Explain why iron and copper are needed 
by animals. Which of these miner- 
als is definitely deficient in certain 
areas? 

What are the symptoms of copper de- 
ficiency? 

Why is a copper supplement needed in 
certain areas where the forages have 
a normal copper content? 

Why does anemia occur in suckling 
pigs? 

What are the symptoms of cobalt defi- 
ciency? Has any definite deficiency of 
cobalt been found in your district? 

From what sources do animals get nearly 
all of the sulfur they need? 


25. How can ruminants use sulfates or free 

sulfur? 

26. Is there a need for adding the following, 

to the rations of any class of livestock: 

(a) Potassium; (b) magnesium; (c) 
manganese; (d) zinc; (e) charcoal? 

27. What is grass tetany? . 

28. When is it necessary to ' mI r. attention 

to the acid-base balanceSMpeds? 

29. Does an apparent cravinJHf minerals ?' 

.always indicate a defieijKT? r 

30. Is there a need of trace mpHmAs in your 

area? Which are apparently lacking? 

31. State a satisfactory mineral mixture for 

use under each of the following con- 
ditions: (a) When only calcium is 
lacking; (b) when both calcium and 
phosphorus are lacking; (c) for cattle 
fed no additional salt, when both 
phosphorus and calcium are lacking. 

32. Discuss the use of complex mineral mix- 

tures. 
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CHAPTER VII 

VITAMINS IN LIVESTOCK FEEDING 


^ IkK&rtance of Vitamins 

188^OTbdern rations based on vi- 
tamin discoWies. — Our present-day effi- 
f cient ^rations for livestock, especially for 
poultry and swine, have largely been 
made possible because of the rapid suc- 
cession of discoveries concerning vita- 
mins. These discoveries have not only 
greatly increased the efficiency of animal 
production, but also have made possible 
the prevention of serious nutritional dis- 
eases. 

For example, before the functions of 
vitamins were known, pigs that were 
born in the fall in the northern states 
often failed to thrive and many became 
paralyzed or died from pneumonia or 
other diseases. This fall-pig problem has 
been solved through the use of improved 
rations that provide an ample supply of 
the essential vitamins. Similarly, before 
the necessity^ vitamins in poultry feed- 
ing was understood, it was difficult to 
grow thrifty chicks during the seasons of 
the year when they could not get out in 
the sunshine and secure green forage. 
Now they can be raised efficiently at any 
season of the year. 

In the southern states cattle fed 
heavily on cottonseed meal often died 
from what was thought to be "cotton- 
seed meal poisoning/' It was discovered 
that the trouble was due mainly to a vi- 
tamin deficiency. As a result, it is now 
possible to feed dairy cows for long 
periods on cottonseed meal as the only 
concentrate without any injurious results 
whatsoever. 

The discoveries concerning the oc- 
currence and functions of vitamins have 
nearly all been made since 1911. Previ- 
ous to that time even the existence of 
vitamins as definite food essentials was 
unknown. It was then generally believed 
that the only requirements to make a 


satisfactory diet for humans or a com- 
plete ration for farm animals were ade- 
quate supplies of proteins, carbohydrates, 
fats, and minerals. 

Certain investigators had previously 
reported that laboratory test animals, 
such as rats or mice, did not thrive on 
a highly-purified diet made up of the 
nutrients that were then known. Further- 
more, they had found that when certain 
natural foods, like milk, were added to 
such a diet the animals would thrive. 
They therefore concluded that some 
other substances must be essential for 
animal life, in addition to the recognized 
classes of nutrients. It is rather surprising 
that these interesting observations at- 
tracted little attention at the time from 
other investigators. 

In 1912 it was discovered that a 
mysterious substance (now known as 
thiamine) was able to prevent or cure 
the disease called beri-beri in experi- 
mental animals. This substance was 
called “vitamine.” The general name of 
vitamin has since been used for the con- 
siderable number of mysterious organic 
substances, discovered later, which are 
essential for animals but which are 
needed in only exceedingly small 
amounts. 

Shortly after the discovery of the 
first vitamin was announced, it was re- 
ported that scurvy in experimental 
guinea pigs could be cured by feeding 
small amounts of fresh green feeds that 
supplied the antiscorbutic factor, which 
we now call ascorbic acid or vitamin C. 
Then, in 1913 investigators in two dif- 
ferent laboratories discovered a food es- 
sential in butterfat (now known as vi- 
tamin A), which was necessary for 
growth and even for life itself. Since 
that time hardly a year has passed with- 
out some discovery of major significance 
in this field. 
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Experiments with Rats Have Solved Many Problems 


Much of our knowledge concerning proteins, vitamins, and minerals has been gained 
through experiments with small laboratory animals. Equipment for investigations with rats 
and other small animals in the Animal Nutrition Laboratory, Animal Husbandry Department, 
Cornell University. (From McCay and Maynard.) 


In addition to the considerable 
number of vitamins which have been 
definitely isolated and investigated, ex- 
periments with poultry have shown that 
there are still other unidentified vitamins 
which are essential, at least for them. 
( 222 ) 

The various vitamins that have been 
identified are widely different in chemi- 
cal structure. The vitamins are therefore 
not related chemically to each other, as 
as are the proteins, the fats, or the car- 


amount of the vitamin is synthesized, 
either in the body tissues or by. bacteria 
within the digestive tract. Vitamin A is 
required by all animals and can be made 
in the body only from carotene con- 
tained in plants. Animals must thei&efore 
receive in their food a sufficient supply 
of vitamin A or of carotenAifc 

Only the briefest sum mm/ can be 
presented here concerning "i|i functions'" 
and the occurrence in varifcL feeds of * 
the different vitamins. Th^lspecial. vi- 


bohydrates. The functions of the various 
vitamins are also entirely different. The 
vitamins are grouped together because 
each vitamin is organic in nature and be- 
cause, at least for certain animals, it is a 
nutritive essential required only in an 
exceedingly small amount. 

A vitamin may be defined as an or- 
ganic nutritive essential which is re- 
quired in only a very minute amount. 

Certain vitamins are apparently 
needed by but a few species of animals. 
Others are probably required by all 
species, but there is no need for a sup- 
ply in the feed. This is because an ample 


tarn in requirements of each class of stock 
are discussed in the respective chapters 
of Part III. For further information con- 
cerning the chemistry and functions of 
the vitamins, the reader is referred to 
recent texts on biological chemistry and 
to the books dealing exclusively with 
this subject, 1 

189. Vitamin content of important 
feeds. — The information concerning the 
amounts of the different vitamins in 
various feeds is exceedingly limited, in 
comparison with the great numbers of 
analyses for the ordinary nutrients, and 
even for calcium and phosphorus. Fur- 
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1^4 thermore, the amounts of a particular vi- 
I* % tamin in, various lots of a certain kind 
I ** 4 N)f feed ihay vary widely, depending on 
I the quality of the feed, the stage of 

i f growth, and in the case of hay or other 

dry forage, on how it has been cured. 

The approximate amounts of caro- 
tene (vit^Kn A value) and of thiamine, 
| f) riboflavinPfcacin, pantothenic acid, and 
i ^choline in time of the most important 
! V ^ * feeds are stated in Appendix Table V, 
I so Jar as dam* are available. The informa- 
tionSsoncerning the content of the other 
r \jdtamins is very limited. So far as data 
£ are available, the approximate amounts 

of other vitamins in certain feeds are 
stated in Appendix Tables Va, Vb, Vc, 
j and Vd. 

One of the exceedingly important 

I facts in livestock production is that all 

green forage crops are rich in most of the 
vitamins required by farm animals. The 
only exceptions seem to be vitamin D 
and vitamin B ir In the case of animals 
on pasture and thus exposed to sunlight, 
vitamin D is supplied by the effect of 
the ultra-violet rays in sunlight. While 
the green forage plants thus far studied 
do not seem to have appreciable amounts 
of vitamin B 12 , nevertheless poultry on 
good pasting do not apparently need 
any vitamin B 12 supplement, although 
they have a definite requirement for the 
vitamin. 

Silage and well-cured hay, espe- 
cially alfalfa and other legume hay, are 
also good sources of most of the vita- 
mins. Hay and other dry forage cured 
in the sun even supply considerable vi- 
tamin D. When farm animals are not 
on pasture, plenty of good hay and silage 
will ordinarily provide ample amounts 
of vitamins, except in the case of poultry, 
which need vitamin supplements, as em- 
phasized in Chapter XXXVI. 

Green forage crops not only supply 
most of the vitamins which have been 
discovered thus far, but they also furnish 
other unknown vitamins that are needed 
by livestock. This is shown by the fact 
that farm animals may suffer from nutri- 
tive deficiencies when never allowed on 
pasture or fed fresh green forage. 

For example, it is shown in Chapter 


XXXIV that brood sows which are kept 
in dry lot are often unable to repro- 
duce normally, even when fed an ap- 
parently well-balanced ration. When pas- 
ture or other green feed is supplied, the 
ration is made complete, and the sows 
can raise thrifty litters. 

Alfalfa or other legume hay of good 
quality is the best substitute for pas- 
ture in furnishing unknown but necessary 
vitamins. However, even the best of hay 
is not a perfect substitute for green feed 
such as pasture. It is therefore impor- 
tant that good pasture be provided for 
livestock, and especially for breeding ani- 
mals, during as much of the year as pos- 
sible. 

190. Antivitamins, or antimetabo- 
lites. — In certain cases a food may con- 
tain a substance that prevents the action 
of a vitamin or even destroys it. Such a 
substance is called an antivitamin , or 
antimetabolite, for the vitamin. An ex- 
ample of this action is a paralysis of foxes 
raised for fur, which is caused by an anti- 
vitamin in certain raw fish that destroys 
the vitamin thiamine. Bracken fern poi- 
soning of cattle also seems to be caused 
by an antivitamin of thiamine. 

II. Vitamin A and Carotene 

191. Importance of vitamin A. — In 
livestock feeding, as well as in human 
nutrition, vitamin A ranks first in im- 
portance among the vitamins. It is re- 
quired by all animals, including poultry, 
and it is often deficient in practical ra- 
tions. Unless care is taken to include in 
the rations fed farm animals a sufficient 
amount of feeds rich in vitamin A value, 
the results will be unsatisfactory and 
disaster may follow. 

Vitamin A is essential even for the 
maintenance of mature animals. For 
growth, reproduction, and milk produc- 
tion, greater amounts are needed than 
for mere maintenance. 

Vitamin A does not occur as such 
in feeds of plant origin. However, as is 
shown later, green-leaved plants and cer- 
tain other feeds of plant origin con- 
tain substances grouped under the term 
carotene , which can be converted into 
vitamin A within the bodies of animals. 
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The vitamin A value of a feed or a ration 
means the total vitamin A potency, no 
matter whether it is supplied by vitamin 
A or by carotene. 

The vitamin A requirements of each 
class of livestock are considered in de- 
tail in the respective chapters of Part 
III. The amounts of carotene or vitamin 
A advised for the various farm animals 
are stated in the Morrison feeding stand;- 
ards, (Appendix Table III.) For all 
classes of stock except poultry, the re- 
quirements are stated in terms of caro- 


the respiratory system. For exai#j>lq. 
calves and pigs fed rations deficiem- J 
vitamin A often die from pneumonia. If 
serious deficiency also injures the nerv- 
ous system and may cause a staggering 
gait and finally spasms or paralysiS. 

One of the first symptqM £ of^ vita- 
min A deficiency is night J|n^ or 
inability to see in dim lightWrni^lFect^ 
is produced because vitamii# A i^^^firt' 
of the substance called v£$pa! puf|)le, 
which is necessary for visionin dim light 
and which is partly used up througffrhe 



The thrifty rat on the right received plenty of vitamin A in the form of butter fat. The 
rat on the left is of the same age, but has been stunted, due to a lack of the vitamin. Also, it 
is nearly blind. ( From Steenboek and Hart, Wisconsin Station. ) 


Vitamin A Was Discovered in 


with Hats 


tene, since these animals usually get their 
supply of vitamin A in this form. For 
poultry, the requirements are stated in 
U.S.P. (United States Pharmacopoeia) 
units of vitamin A value, which take 
into consideration both vitamin A and 
carotene. This is done because in poul- 

S feeding vitamin A value may be sup- 
ed both in the form of carotene, as in 
alfalfa meal or green feeds, and in the 
form of actual vitamin A, as in fish oils. 

192. Functions of vitamin A; effects 
of deficiency. — One of the chief func- 
tions of vitamin A is to keep the mucous 
membranes of the body healthy, so they 
will resist infection. A lack of the vita- 
min is especially apt to cause disease of 


action of light. Animals which are night 
blind recover when supplied with an 
ample amount of vitamin A. 

More serious types of blindness are 
also caused by a lack of vitamin A. Thus, 
calves suffering from a severe deficiency 
of the vitamin may become blind, be- 
cause of constriction of the optic nerves 
where they pass through the skull . 2 In 
other types of blindness, the cornea of 
the eye becomes cloudy and opaque, 
and the eye membranes are so changed 
that bacteria invade the -eye and cause 
ulceration. 

In calves common symptoms of a 
deficiency are poor growth, cold in the 
head with nasal discharge and sometimes 
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a cough, and also scours. If the 
***** is continued, the calves us- 
^ tOjPBy succumb to pneumonia or other 
,, . "Respiratory diseases. In fattening cattle 
kept for a long time on a ration deficient 
in vi'tamin A, a characteristic symptom of 
deficiency 's dropsical swelling of the 
; f) le^ s^n o4m as anasarca. 3 

P I . jphe Hi-called "cottonseed-meal poi- 

w so^pHL produced when cattle are fed 
* fofi^Wng time on such a ration as cot- 
^lopseed meal and cottonseed hulls, is 
duevprimarily to deficiency of vitamin 
\A. (811) It can readily be prevented by 
feeding hay, silage, or other roughage 
that supplies sufficient carotene. 

In chickens symptoms somewhat re- 
sembling roup often develop, with a 
sticky or cheesy discharge from the eyes 
and a sticky discharge from the nostrils. 

A severe lack of vitamin A prevents 
successful reproduction. Females fed ra- 
tions seriously deficient in vitamin A may 
not conceive, and if they do, the young 
are usually born dead or so weak that 
they perish. 4 A long-continued severe 
deficiency of vitamin A may affect the 
fertility of male animals and may cause 
degeneration of the sperm-producing 
cells. However, other symptoms of vita- 
min A lack are usually produced in 
males, before their fertility is impaired. 

That disastrous results due to a lack 
of vitamin A may occur in livestock, even 
when they are on range pasture, is shown 
in a striking manner by California inves- 
tigations. 5 During the dry season in 
some of the range districts of that and 
certain other western states, no green 
feed may be available for several months. 
The stock must then live on dry and 
bleached grass and other forage, which 
has practically no vitamin A value. 

Often the cows abort, or the calves 
are born dead or so weak that they soon 
die. After calving, the cows may fail to 
come in heat until green feed is again 
available. Young cattle also suffer seri- 
ously, showing a general unthrifty ap- 
pearance, intermittent diarrhea, and res- 
piratory infections. If exposed to bad 
weather, such animals usually die from 
pneumonia. Unless the animals have 
been too seriously affected, they recover 


when supplied with feed rich in vitamin 
A value, such as fresh green forage or 
good quality alfalfa hay. 

Animals are able to store consider- 
able amounts of vitamin A in their livers 
and other tissues when they receive a 
liberal supply. Therefore, the length of 
time it will take for a lack of the vitamin 
to produce injurious results will depend 
on whether or not the animals have a 
store in their bodies at the start. Because 
of their greater requirements for vitamin 
A, young animals suffer from a deficiency 
much sooner than those which are ma- 
ture. In Texas studies beef calves 3 to 5 
months of age showed symptoms of night 
blindness in 56 days on the average, 
when fed a vitamin A deficient ration, 
while it took about 6 months for the 
symptoms to develop in yearling steers. 6 

Young mammals are bom with only 
a small store of vitamin A in their bodies, 
even when their mothers have a liberal 
supply in their feed. However, colostrum, 
or the first milk, from well-fed animals 
is especially rich in vitamin A value. 
(270) This is one reason why it is so 
important that new-born mammals re- 
ceive the colostrum. Investigations with 
cows, goats, and sows have shown that 
the vitamin A value of the colostrum 
milk, and in some cases even the store in 
the young at birth, can be increased by 
a very high intake of vitamin A or caro- 
tene during the latter part of pregnancy. 7 

193. Vitamin A and carotene.— 
Experiments have shown that vitamin 
A, which is nearly colorless, does not 
occur as such in plant products. How- 
ever, all green-leaved parts of plants 
contain certain yellow-colored com- 
pounds, classed together as carotene, 
which animals can convert into vitamin 
A. Carotene is changed into vitamin A in 
the wall of the small intestine, and pos- 
sibly to a small extent in the liver and 
other tissues. 

The chief form of carotene in most 
green-leaved plants is beta-carotene. 
Other forms, called alpha-carotene and 
gamma-carotene, also occur in smaller 
amounts in plants. The vitamin A value 
of yellow corn is due chiefly to its con- 
tent of cryptoxanthine, a closely related 
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compound. It is of interest that beta- 
carotene has twice as high a vitamin A 
value as do the other forms, because two 
molecules of vitamin A can theoretically 
be formed from each molecule of beta- 
carotene. Only one molecule of vitamin 
A can be made from each molecule of 
the other compounds. Still other com- 
pounds from which vitamin A can be 
formed have been found in algae and 
bacteria. These are not of importance in 
stock feeding. 

Not all yellow pigments in plants 
have a vitamin A value. For example, 
xanthophyll, which occurs along with 
cryptoxanthine and carotene in yellow 
corn, has none. 

Those foods of animal origin that 
possess vitamin A value may contain 
both the colorless vitamin A and also yel- 
low carotene. In the white milk from 
Holstein or Ayrshire cows there is more 
vitamin A and less carotene than in the 
yellow milk from Guernseys or Jerseys. 
The difference is due to the fact that 
Holsteins and Ayrshires convert the caro- 
tene from their feed more completely 
into vitamin A. (1043) < 

The vitamin A value of fish-liver 
oils and other fish oils is due to vitamin 
A and not carotene. It is of scientific 
interest, but not of practical importance, 
that some of the vitamin A in fresh 
water fishes differs in structure from 
ordinary vitamin A. This form is called 
vitamin A s> and sometimes the ordinary 
form is designated as vitamin A, to dis- 
tinguish it from the uncommon form. 

194. Vitamin A and carotene re- 
quirements. — Because of the importance 
of vitamin A and carotene for livestock, 
the requirements of each class of stock 
are considered in the respective chapters 
of Part III. The amounts of carotene 
advised for the various animals, except 
poultry, are stated in the Morrison feed- 
ing standards. (Appendix Table III.) The 
vitamin A requirements of poultry are 
stated in Chapter XXXVI. 

The amounts of carotene recom- 
mended for the various animals in Ap- 
pendix Table III are stated in terms of 
milligrams of carotene needed per head 
daily. (1,000 milligrams equal 1 gram, 
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and about 28,000 milligrams , equal 1 


I 


i 


ounce, avoirdupois.) Appendix Table V 
shows the average carotene content or 1 
the most important feeds, stated in terms 
of milligrams per pound of iced and 
also in U.S.P. units per pound. 

The total vitamin A value of a feed 
or ration is stated in U.S.P. ungts of vita- 
min A activity. The new U/SjP. unit is 1 
the vkamin A value for rats,' used as test^** 4 ^#, 
animals, of 0.30 microgram of pure vita- r 
min A alcohol, or of 0.60 microgram*q£^ 
pure beta-carotene. The U.S.P. ufdx is 
the same as the revised Internationa^/ 

Unit (I.U.). 

The relative value of a microgram 
of carotene and of vitamin A differs con- 
siderably for various animals. For rats 
0.6 microgram of carotene is equal in 
value to 0.3 microgram of vitamin A (1 
U.S.P. unit). However, the weight of 
carotene required bv calves is 5 or more 
times the amount of vitamin A needed. 

The carotene or vitamin A content 
of feeds is commonly determined by 
colorimetric or spectroscopic methods. 

The total vitamin A value may be meas- 
ured also in growth tests with young 
rats. 

195. Carotene and vitamin A read- 
ily destroyed. — Both carotene and vita- 
min A are readily destroyed by oxidation. 

For this reason a great loss of vita- 
min A value occurs in the ordinary mak- 
ing of hay from green forage. A consid- 
erable loss also takes place when dry 
roughage or a concentrate mixture con- 
taining vitamin A is stored for too long 
a period. 

Hay which is made in good weather 
by modem methods and which is leafy 
and green in color will still be rich in 
carotene, though much lower on the dry 
basis than the green crop from which it 
was made. On the other hand, hay that 
is decidedly bleached or weathered will 
be low in carotene. If hay heats or molds 
badly in curing or in storage, practically 
all of the carotene may be lost. 

The rate of loss of carotene in hay 
during storage depends largely on the 
temperature. The loss is rather rapid in 
summer and very slow in cold winter 
weather. In storage, the carotene may be 
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lost from hay more rapidly than the 
green color. 

s There is much less loss of carotene 
when a hay crop is made into silage by a 
suitable method than when it is cured into 
hay fh the ordinary way. The loss is still 
less when the crop is artificially dried, or 
dehydrate^, because of the rapidity with 
i which the 7 plants are dried. However, 
Sf 1 even ip, artificially dried hay, such as de- 
£** hydrated alfalfa meal, a continual loss 
^■Qpcurs during storage at ordinary tern- 
* peratures, unless some means is used to 
\reduce the loss. 

The relative losses of carotene in 
field-cured hay, dehydrated hay, and 
hay-crop silage are well shown by ex- 
tensive Vermont experiments. 8 On the 
average, field-cured hay made in good 
weather had 42 per cent as much caro- 
tene, on the dry basis, when it was stored 
in the barn, as there was in the green 
crops when cut. After storage for 6 
months the carotene content was only 
11 per cent of the original amount, and 
after a year only 9 per cent. 

Dehydrated hay lost but little caro- 
tene in the drying process, and after 6 
months of storage it still had 57 per cent 
of the original content. When the crops 
were made into silage with the addition 
of molasses as a preservative, the caro- 
tene was also retained well. At the time 
the silage was fed in winter, it still had 
about 42 per cent as much carotene as 
there was in the green crops when en- 
siled. 

The vitamin A value of whole yel- 
low corn is retained fairly well in stor- 
age. In Iowa tests yellow shelled corn 
which had been stored for more than a 
year had three-fourths as much vitamin 
A value as com of the previous years 
crop, and corn that was 4 years old had 
about one-half as much. 9 

Large losses of carotene and vita- 
min A occur in ordinary concentrate mix- 
tures which are stored under usual con- 
ditions for any long period. 10 Except in 
very hot weather, the loss is not serious 
during storage for 4 to 6 weeks, but one- 
half or more of the vitamin A value may 
be lost in 6 months. The presence of ran- 
cid fats greatly increases the loss, and 


the loss is also more rapid when the mix- 
ture contains meat scrap, tankage, dried 
dairy by-products, or certain mineral 
supplements. 

Methods have been developed for 
reducing the loss during storage of vita- 
min A in alfalfa meal and in vitamin A 
supplements added to feed mixtures. 
Some producers of alfalfa meal store 
part of their product in tanks in an at- 
mosphere free of oxygen or under re- 
frigeration, in order to retain the caro- 
tene content. This alfalfa meal is then 
mixed with that from ordinary storage, 
so that a definite carotene content can be 
guaranteed at any time of the year. 

The loss of carotene in alfalfa meal 
or of carotene and vitamin A in a feed 
mixture can also be reduced by the addi- 
tion of a suitable antioxidant. 11 Methods 
have been devised for stabilizing the 
vitamin A value of special vitamin A 
supplements by coating the particles 
with gelatin or wax, or by adding an 
antioxidant. 

196, Carotene content of rough- 
ages. — The approximate amounts of car- 
otene in various roughages and other 
feeds are given in Appendix Table V. 
One of the most important facts in stock 
feeding is that all green parts of grow- 
ing plants are rich in carotene and hence 
have a high vitamin A value. Stock on 
good pasture therefore always have 
plenty of the vitamin. In green plants 
the yellow color of the carotene is 
masked by the green color of the chloro- 
phyll. 

The green leaves of plants contain 
much more carotene than the stems. For 
example, alfalfa leaves may contain 4 
to 6 times as much as the alfalfa stems. 12 
For this reason alfalfa leaf meal is higher 
in carotene than alfalfa meal made from 
the entire hay. Alfalfa stem meal is rela- 
tively low in carotene. 

Forage plants generally have the 
most carotene, on the dry basis, at early 
stages of growth, and the amount de- 
creases as the forage becomes older. 
Therefore the content is much lower at 
the hay stage of growth than at early 
pasture stages. When plants mature, the 
carotene decreases greatly, and but little 
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is left when they become dry and weath- 
ered. 

While actively growing plants are 
always rich in carotene, mature, weath- 
ered pasture forage may have so little 
that animals kept too long on such feed 
alone may suffer severely from vitamin 
A deficiency. If parts of the plants re- 
main green, these parts will retain some 
carotene. It was found in New Mexico 
studies, for example, that black grama 
grass kept some carotene content during 
the dry season much better than other 
range grasses, because the lower parts 
of the stems remained green. 13 

Investigations have shown that at 
an immature pasture stage some of the 
grasses are fully as rich as alfalfa or other 
legumes in carotene, on the dry basis. 14 
Dehydrated grass made from young 
plants may be as rich in carotene as 
dehydrated alfalfa. 15 

The relative amount of carotene in 
any particular lot of hay can usually be 
estimated roughly from its color and its 
leafiness. The Federal Hay Grades are 
therefore generally good indications of 
the vitamin A value of various lots of 
hay. However, on long storage the caro- 
tene content may be mostly lost, while 
the hay still is green. 

In Michigan studies the carotene 
content was determined in many samples 
of legume and mixed hay taken from 
farmers’ barns during the winter feed- 
ing season. 10 The average carotene con- 
tent of the samples of hay that graded 
U.S. No. 1 was more than twice as high 
as that of the samples which graded 
U.S. No. 8. 

Legume hay usually has decidedly 
more carotene than grass hay of equal 
quality, due in part to the greater pro- 
portion of leaves. Soybean hay is gen- 
erally lower than alfalfa hay in caro- 
tene. Straw of all kinds has but little 


carotene. 

Dehydrated or sun-cured alfalfa 
meal is the most common carotene sup- 
plement in poultry rations and is also 
widely used for other animals when addi- 
tional vitamin A is needed. (417) Un- 
fortunately, the carotene content of al- 
falfa meal, even dehydrated alfalfa meal, 


varies greatly on our markets. This is 
shown by the analyses reported by the # _ 
feed inspection services in various states. 

Some alfalfa meal has had no more caro- ! 
tene than fair hay. I 

In buying alfalfa meal, it is there- j 
fore important to purchase a product 
that has a cax*otene content guaranteed / 
by the manufacturer. f l# f. j 

Corn forage is rich in carotene when 
the plants are still green, bpt the 1 Con- / f 
tent decreases rapidly as they mature- 
The carotene value of corn silage varies * •* 
widely, because of difference in ma/ 
turity and in extent of loss in the en- 
siling process. Per pound of dry matter, 
good corn silage, made from com har- 
vested before the lower leaves have 
turned brown, may be as rich in caro- 
tene as well-cured hay. 

Sorghum silage tends to be lower 
than corn silage in carotene. This is 1 
partly because in this country corn si- 
lage is usually made from yellow varie- 
ties of corn, and yellow com grain has f 
considerable carotene value. Sweet sor- 
ghum silage generally has more carotene 
than silage from grain sorghum, prob- 
ably because it has a greater proportion 
of leaves. 17 

Silage made from alfalfa or other 
hay crops is especially high in carotene, 
on* the dry basis, if it is well preserved. 

(437) Per pound of dry matter, it usu- 
ally has much more carotene than first- 
rate hay. 

197. Carotene or vitamin A con- 
tent of concentrates. — With the single 
exception of yellow corn, the cereal 
grains have practically no carotene. Yel- 
low corn is an important source of caro- 
tene, though it usually contains only one- 
tenth to one-quarter as much as good 
legume hay. 

The vitamin A value of yellow corn 
is due to its content of both beta-caro- 
tene and the closely-related cryptoxan- 
thine. XanthophylJ, which forms a con- 
siderable part of the coloring matter in 
yellow corn, has no vitamin A value. In 
general, the deeper the yellow of corn 
grain, the greater will be the vitamin A 
value, though there are some exceptions. 

Com gluten feed, eorn gluten meal, and 


VITAMINS IN LIVESTOCK FEEDING 127 

hominy feed made from yellow com on rations deficient in vitamin A value, 
are somewhat higher than the whole the content in the milk will be low. The 
grain in carotene. effect of the ration upon the vitamin 

Ripe peas of green varieties equal value of milk and butter is discussed in 
yellow corn in carotene content, but ma- detail in Chapter XXV, and also the 
ture .soybean or cowpea seed has but effect of the breed of cow on the vitamin 
little carotene. Millet seed supplies some A value and the color of milk and butter, 
carotene. > ( 1043-1044 ) 

Witnthe exception of carrots and Practically all the vitamin A value 

' yellow , sweet potatoes, roots and .tubers in milk is present in the butterfat. There- 
probfmly supply no appreciable amounts Yore skimmilk and other milk products 
-of carotene. In carrots and sweet pota- from which nearly all of the fat has 



Lack of Vitamin A Disastrous to Pigs 


Above: Pigs fed white corn and skimmilk with alfalfa hay to furnish vitamin A value. 
All made good gains and remained thrifty. 

Relow: Pigs fed white corn and skimmilk without vitamin A supplement. Four of the 
pigs had already succumbed because of the lack of vitamin A. Those which had a greater 
store of the vitamin at the start survived, but they made unsatisfactory gains. (From Wis- 
consin Station.) *» 

toes carotene is highest in the varieties been removed will have but little of the 

having the deepest yellow color. Yellow vitamin. Indeed, skimmilk may contain 

pumpkins and yellow-fleshed squash only one twenty-fifth as much vitamin A 

have considerable carotene. value as whole milk. 18 

Among human foods whole milk, The yolks of eggs from properly fed 

butter, and all other dairy products con- poultry are rich in vitamin A, and liver 

taining the butterfat are perhaps the is also an excellent source. Tankage and 

most important sources of vitamin A. In meat scrap supply little or no vitamin 

raising dairy calves on milk substitutes, A. If fish meal has not been processed 

it is necessary to continue the feeding at too high a temperature, it will usually 

of whole milk until the calf is old enough supply some vitamin A. However, the 

to eat considerable hay, or else to in- content is so variable that reliance can- 

clude a vitamin A supplement in the not be placed upon it as a source of the 

milk substitute. vitamin, unless the source and method 

If cows or other lactating animals of manufacture are definitely known, 
have been fed for a considerable time Cod-liver oil and other fish-liver oils are 
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the richest natural source of vitamin A, 
and other fish oils are also generally rich 
in it. The amount of vitamin A in the 
liver oils from sharks, swordfish, tuna, 
and certain other species is many times 
as great as in cod-liver oil 

198. Meeting the vitamin A needs. 
— In the discussions on vitamin A for 
the various kinds of animals in Part III, 
it is shown that it is not generally neces : 
sary to use any special vitamin A supple- 
ment for dairy cows, beef cattle or sheep, 
or horses. Their vitamin A needs can be 
fully met by the use of good roughages, 
fed as there advised. 

On the other hand, poultry not on 
excellent pasture need additional vita- 
min A. This is supplied by including 
alfalfa meal in the mash to furnish caro- 
tene, or by adding a vitamin A supple- 
ment. Also, for swine not on pasture it 
is important to include in the ration 
good quality sun-cured legume hay to 
provide both vitamins A and D, or else 
to use a special A-D supplement. Like- 
wise, a vitamin A supplement should 
be included in a milk substitute for 
dairy calves weaned from milk at a very 
early age. 

In addition to alfalfa meal, which 
has been discussed previously, various 
concentrated vitamin A supplements are 
produced commercially. Concentrates 
supplying both vitamin A and vitamin 
D are made from cod-liver oil and cer- 
tain other fish oils. In addition, caro- 
tene concentrates are produced from de- 
hydrated alfalfa or vegetable wastes, and 
synthetic vitamin A is made on a large 
scale. The vitamin potency of these 
products is guaranteed by the manu- 
facturer. 

III. Vitamin D 

199. Vitamin D, its functions and 
importance. — It has been shown in the 
previous chapter that an adequate sup- 
ply of vitamin D is necessary for the 
proper assimilation and use of calcium 
and phosphorus and the development 
of good bones and teeth. This vitamin 
is just as necessary as are ample amounts 
and proper proportions of these two min- 
erals. Since vitamin D is necessary for 




"HI 

the prevention of rickets in young ani- A' 
mals, it is often called the anti-rachitic f 
vitamin. Vitamin D is soluble in fat and * # 

is therefore one of the fat-soluble vita- 
mins. 

The requirements for vitamin D are 
especially great during growth, when 
the skeleton is being developed. For j 
mere maintenance, mature animals need f | 
much, less vitamin D, but more is re-M^ 
quired during pregnancy and for milk * ^ 

production. ' • .Hr*' ' 

Animals need more vitamin D than > * 

normal when there is insufficient calcium/ 
or phosphorus in the ration, or when the 
proportion between the amounts of these 
minerals is not the most suitable. 

The requirements for vitamin D by 
different species of animals differ widely. 
Poultry require more vitamin D in their 
rations than do other farm stock, and 
the requirement is especially high for egg 
production. Turkeys need even more vi- 
tamin D than do chickens. At the other j 

extreme are foxes and minks, which ap- I 

parently need no vitamin D when there 
are optimum amounts of calcium and 
phosphorus in their diet and also an op- 
timum calcium-phosphorus ratio. White 
pigs, at least of certain breeds, seem to 
need very little vitamin D under similar 
conditions, even when exposed to no 
direct sunlight. 

Animals are able to store some vita- 
min D in their bodies, chiefly in the 
liver, when they receive more than their 
minimum needs, but such storage is rela- 
tively small in comparison with the stor- 
age of vitamin A. In South Dakota ex- 
periments mature dairy cows did not 
usually show definite symptoms of vita- 
min D deficiency until after 4 to 10 
months, when they were fed a ration 
devoid of the vitamin and were allowed 
no exposure to sunlight. 10 Young ani- 
mals show a lack of vitamin D much 
sooner. For example, new-born lambs are 
protected against a deficiency by the 
store in their bodies for only about 6* 
weeks. 

The requirements of each class of 
stock for vitamin D are considered in 
detail in the respective chapters of Part 
III. It is there shown that generally 
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|P there is no need of supplying farm ani- 

* mals with special vitamin D concen- 
trates, except in the case of poultry, and 
also under certain conditions, dairy 
calves and swine. 

Fortunately, as is shown later in 
this chapter, sunlight is an effective 
I source of vitamin D for animals, and 
.J hay and other dry roughages cured in 
<***%? the sun supply considerable amounts. 

* ^ These sources usually provide adequately 

f^r the needs of dairy cows, beef cattle, 
^she£p, and horses. In the colder climates, 
\where swine are not outdoors much in 
winter, sun-cured legume hay of good 
quality should be provided if possible, as 
insurance against lacks of vitamin D or 
vitamin A. When this cannot be done, 
a special vitamin A-D supplement should 
be fed. Vitamin D supplements are com- 
monly needed for poultry, except when 
they are exposed to plenty of direct sun- 
light, 

If dairy calves are supplied good 
sun-cured legume or mixed hay as soon 
as they will eat it, they will usually have 
sufficient vitamin D. However, as insur- 
ance against any possible deficiency, 
many feed manufacturers include a vita- 
min D supplement in their calf starters. 

In recent Ohio experiments, sum- 
marized in Chapter XXVI, cases of milk 
fever in dairy cows have been lessened 
by feeding very large doses of vitamin 
D supplement for a week before calving. 
(1086) Such large doses cannot be given 
an animal for any long period without 
injury. 

Vitamin D was discovered in 1922 
by McCollum of Johns Hopkins Uni- 
versity, who found by passing heated air 
through cod-liver oil to destroy vitamin 
A, that it contained a second vitamin 
which prevented and cured rickets. This 
was named vitamin D. 

The discoveries concerning the func- 
tions and sources of vitamin D since 
that time have been of great value to 
•humans and also to the livestock indus- 
try. By using the information now avail- 
able, stockmen can readily prevent the 
disastrous results from rickets that were 
once common, especially in poultry, pigs, 
and dairy calves. 


200. Effects of deficiency of vita- 
min D. — A serious deficiency of vitamin 
D in young animals causes rickets, the 
symptoms of which have been described 
in the previous chapter. (153) A lack 
that is not severe enough to cause visible 
symptoms of rickets may retard growth 
and result in a weak skeleton, impaired 
joints, and poor teeth. 

Pregnant animals suffering from a 
'severe deficiency of vitamin D will not 
only produce young which are weak and 
are subject to rickets, but sometimes the 
young are born with malformations. 
Also, the skeleton of the mother is in- 
jured by the deficiency. 

In mature fowls a deficiency of the 
vitamin causes thin-shelled eggs, de- 
creased egg production, and lowered 
hatchability. The breast bone may be- 
come soft and rubbery, and the bones 
of the wings and legs fragile and easily 
broken. 

201. Nature of vitamin D and its 
relation to light. — Vitamin D is formed 
by the action of sunlight or other light 
that contains ultra-violet rays upon a 
compound called ergosterol and also 
upon certain other sterols, which are 
similar compounds. Small amounts of 
ergosterol occur in most common foods 
and stock feeds, and traces of the other 
sterols which can be changed into vita- 
min D are present in animal tissues. 
These sterols have no vitamin D effect 
before they are changed into vitamin D. 

The fact that ultra-violet light pro- 
duces vitamin D in foods was discovered 
nearly simultaneously by Steenbock of 
the University of Wisconsin and Hess 
of Columbia University. 

When green forages are field-cured 
into hay or dry fodder, vitamin D is 
formed from ergosterol through the ac- 
tion of the ultra-violet light in sunlight. 
The green, growing parts of plants con- 
tain ergosterol, but little or no vitamin 
D. 

Vitamin D is similarly produced 
when foods are artificially exposed to 
ultra-violet light. Irradiation for too long 
a time will destroy some of the vitamin 
D that has been produced. As yeast con- 
tains considerable ergosterol, irradiated 



130 FEEDS AND FEEDING ^ " 

dry yeast, which is extremely rich in vita- When stock are exposed but little to 

min D, is produced commercially by the sunlight that has not passed through or- 
irradiation of yeast with ultra-violet light, dinary window glass, it is necessary to 
Sunlight is an effective source of give attention to their vitamin D requirep 
vitamin D for animals, because the ultra- ments. However, it is not necessA for 

violet light in the sun's rays converts the animal to be in direct sunligj^plo re- 

the small amounts of sterols in the skin ceive some ultra-violet rays. Owing to 


and the skin secretions into vitamin D. 
Even the vitamin formed in the skin se- 
cretions, outside the skin itself, can be^ 
absorbed into the body. Some of the vita-* 
min formed on the skin is also taken 
into the body when animals lick them- 
selves. 

The ultra-violet rays in sunlight are 
absorbed to some extent as they pass 
through the atmosphere, before reach- 
ing the earth. Therefore the greater the 
distance that the sun's rays have to 
travel through the earth's atmosphere, 
the less is the content of ultra-violet 
light and the anti-rachitic effect. Sun- 
liglrMs thus more potent in the tropics 
and at high altitudes in mountains. Also, 
the anti-rachitic effect is much greater 
at noon than early or late in the day, 
when the rays are very slanting. Simi- 
larly, in the temperate zones it is much 
greater in the summer than in winter. 
The ultra-violet rays are largely screened 
out by clouds or smoke. The anti-rachitic 
effect is hence less in regions where 
there is a great amount of cloudy 
weather, or where the air is commonly 
very smoky. 

If sunlight passes through ordinary 
window glass, practically all the ultra- 
violet rays are removed. Such light does 
not therefore have an anti-rachitic effect. 
Some special kinds of glass and also cer- 
tain glass substitutes permit the passage 
of more or less of the ultra-violet rays. 

During the growing season stock 
that are out in the sunshine much of the 
time generally get ample vitamin D 
through the effect of sunlight on their 
bodies. Even in winter, exposure to 
sunlight has considerable anti-rachitic 
effect. For example, in Minnesota experi- 
ments pigs suffering from rickets caused 
by a lack of vitamin D recovered to a 
marked degree when exposed to sunlight 
in winter for only 45 to 90 minutes a 
day. 20 


the reflection of the ultra-violet ligh^ the / 
indirect light from “sky shine” o^a ^Jear f f 
day has considerable anti-rachitjj£ effect. 

Animals with black or dark hSfe or f 
skin secure less vitamin D from sunlight " 
than do animals with white or Tight? ^ 
colored hair. This is because more of/ 
the ultra-violet rays are absorbed by the 
hair or skin before they penetrate into 
the tissues. For this reason, white pigs 
are less subject to rickets than black or 
dark pigs, when kept under similar con- 
ditions. 

Although livestock on pasture are 
usually protected from rickets by the 
ultra-violet rays in sunlight, rickets in 
lambs on pasture sometimes occurs in 
New Zealand for some unknown reason, 21 j 
The trouble can be prevented by ad- 
ministering vitamin D. 

202. Relative value of different 
forms of vitamin D. — -Two forms of vita- 
min D are important. The first is vitamin 
D 2 , which is the form produced by the 
action of ultra-violet light upon ergos- 
terol, the plant sterol. The other is vita- 
min D 3 , which is produced by the effect 
of ultra-violet light upon a sterol (called 
7-dehydrocholesterol) that occurs in 
small amounts along with cholesterol in 
animal tissues. ( 14 ) There are also other 
forms of vitamin D that are not im- 
portant. 

Vitamin D,,, also called activated 
animal sterol, and sold under the name 
of Delsterol, is made commercially from 
animal sterols, by irradiation with ultra- 
violet light. Vitamin D. ? is believed to 
be the chief form of vitamin D occur- 
ring naturally in cod-liver oil and most 
other fish oils. 

A certain amount of vitamin D 
potency can be produced by treating cer- 
tain sterols chemically, but such chemi- 
cal methods of making vitamin D sup- 
plements have not yet been developed 
commercially. 22 
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j|/«g§ft ^ Vitamin D 2 and vitamin D 3 have especially calcium carbonate, or with 
J ; . approximately the same value for all dried milk products, as a premix to be 
’ four-footed animals and also for human added later to a poultry mash or other 
/ t R a ts are therefore used as test concentrate mixture. The potency of 

1 animals to determine the potency of any some dry vitamin D supplements is also 
produ&£ in vitamin D for such animals, apparently lost rather rapidly on storage. 
J I (Wo W6u rate chemical method for meas- 204. Vitamin D content of feeds.— 

| uri^tamin D has yet been devel- Among the common livestock feeds the 
' ^ only important sources of vitamin D are 

^ ^ 2 ’ i s the I° rm * n ,hay and other roughages that have been 

in«pted yeast and in sun-cured forage, SU n-cured, or that have had some ex- 
^ ess e ® ect * v ^ ^ 0r P oultr y ^an posure to sunlight, as in making barn- 
for four-footed animals or for human dried hay or wilted grass silage. The 
* beings. Indeed, it may take 40 times as vitamin D in field-cured roughages is 
much, or even more, of vitamin D 2 to vitamin D,„ and therefore has a very 


project chicks against rickets as it does 
of vitamin D 3 . The value of various 
products as sources of vitamin D for 
poultry is therefore found in tests with 
chicks. 

Vitamin D potency is measured in 
terms of International Units (I.U.) of 
the vitamin. In the recently revised in- 
ternational standard, one I.U. of vita- 
min D is equal in potency to 0.025 
microgram of pure crystalline vitamin 
D 3 . For poultry, the vitamin D require- 
ments and vitamin D values of feeds are 
expressed as International Chick Units 
(I.C.U.) to differentiate between vita- 
min D 3 and vitamin D 2 value. 

The new unit, which is equally po- 
tent for chicks and other animals, re- 
places the two standards formerly used — 
the A.O.A.C. chick unit, based on vita- 
min D 3 potency, and the old I.U., based 
on vitamin D 2 , for other kinds of stock. 

203. Stability of vitamin D. — Both 
common forms of vitamin D (D 2 and 
D s ) are much more stable than vitamin 
A or carotene. They are not readily 
destroyed, even by heating in the air 
at a temperature much above the boiling 
point of water. When vitamin D supple- 
ments are mixed with the usual kinds of 
poultry mashes or other concentrate mix- 
tures, the vitamin D potency is usually 
retained well during storage for some 
months, even in summer. The vitamin 
D value of sun-cured hay or other forage 
is also retained well on storage. 

However, rather rapid loss of vita- 
min D value may occur if a vitamin D 
supplement is combined with minerals, 


vitamin D in field-cured roughages is 
vitamin D 2 , and therefore has a very 
low value for poultry. 

There is as yet relatively little infor- 
mation available concerning the amounts 
of vitamin D in the various kinds and 
grades of hay and other dry forages, be- 
cause of the difficulty and expense in 
making vitamin D determinations. The 
approximate vitamin D content in vari- 
ous feeds is stated in Appendix Table 
Vc, so far as data are available. 

The data thus far published show 
that the amount of vitamin D, even in 
sun-cured hay, varies widely. 23 How- 
ever, in a New York study samples of 
various kinds of hay, taken from farmers' 
barns during the winter feeding season, 
all had 450 I.U. or more of vitamin D 
per pound, the average for 14 lots of 
hay being 854 I.U. per pound. 24 Only 
3 lbs. of hay containing 500 I.U. per 
pound will meet the vitamin D needs of 
a 500-lb. calf, which is housed in a 
stable where it has no exposure to sun- 
light. 

Differing from the carotene con- 
tent, the amount of vitamin D may be 
as high in hay that is of lower quality, 
because of injury from bad weather dur- 
ing curing, as in first-quality hay that is 
very green in color. 

In field-cured hay, the leaves have 
much more vitamin D than do the stems. 
Probably leafy hay is usually higher in 
vitamin D than stemmy hay. However, 
a high content of 748 I.U. per pound 
has been reported for wheat straw. 

Information is insufficient to draw 
definite conclusions about the relative 
vitamin D content of various kinds of 
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field-cured hay, but grass hay seems to 
be somewhat lower, as a rule, than leg- 
ume hay. 

It has been generally believed that 
the green, growing parts of plants have 
little or no vitamin D, and that it is 
formed only during the sun-curing proc- 
ess by the action of the ultra-violet rays. 
However, leaves or stems that had died 
or were brown have been found to have,, 
considerable vitamin D. 


content varies so widely that it cannot 
be relied on as a source of this vitamin. 
As has been stated previously, dehy- 
drated hay is used primarily as a. caro- 
tene supplement. 

In experiments by the United States 
Department of Agriculture, wilted al- 
falfa silage or barn-dried alfalfa hay, 
fed at the usual rates, had plenty of vita- 
min D«to prevent any symptoms rick- 
ets in dairy calves housed in the^Arrk 



Field-Cured Hay Furnishes Vitamin D 

Hay cured in the sun is an effective source of vitamin D for all livestock except poultry. 
Other field-cured roughage, such as corn fodder or straw, also supplies considerable vita- 
min D. 


In a recent Vermont experiment it 
was found that green leaves which were 
hand-picked from hay plants and then 
cured in a dark barn away from sun- 
light, nevertheless had considerable vita- 
min D. 25 Also, in other trials some de- 
hydrated alfalfa hay has had so much 
vitamin D that rickets could not be pro- 
duced in dairy calves fed the hay and 
kept away from all sunlight. 26 Though 
dehydrated hay may sometimes have 
an appreciable amount of vitamin D, the 


away from the sunlight, even though the 
calves had first been depleted of tbe 
vitamin before the experiment began. 27 
Similar results were secured in Vermont 
trials with barn-dried hay. 28 

Com silage ensiled at the dent 
stage, when the lower leaves had be- 
come dry, contained 40 International 
Units per pound on the average in Mich- 
igan studies. 29 The vitamin D content 
was almost entirely in the dried parts — 
the lower leaves and the tassels, husks. 
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and silk — for the green leaves had prac- 
tically none., 

An important fact in stock feeding 
and also in human nutrition is that none 
of the cereal grains or other common 
seeds hpntains any appreciable amount 
of vitamin D. Indeed, cocoa shells are 
the only seed by-product that has been 
found to have any significant amount of 
the yi^min. It is apparently formed in 
cocoa- shells through the exposure of the 
^jpcoaibeans to the tropical sunlight in 
j jfe sP ^zring process. 

The livers of fish are strikingly rich 
in vitamin D, and also the body oils of 
most fish contain considerable amounts. 
For 1 this reason cod-liver oil and certain 
other fish oils are used as vitamin D sup- 
plements for infants and for poultry or 
other animals. Clams and oysters con- 
tain some vitamin D. 

Fish meal is variable in vitamin D 
content, some fish meals being a fair 
source and others containing but little. 
The content depends on the source of 
the raw material and on the degree of 
heat used in the process of manufacture. 

Meat scrap and tankage supply no 
appreciable amounts of vitamin D. In 
general, meat from mammals contains 
practically none of the vitamin, except 
from such organs as the liver and kid- 
neys, which may have limited amounts. 
In contrast, the yolks of eggs from poul- 
try receiving ample vitamin D are rich 
in the vitamin. 

205. Vitamin D supplements. — Be- 
cause of the richness in vitamin D as 
well as vitamin A, cod-liver oil and cer- 
tain other fish-liver oils and fish-body oils 
are used as vitamin D supplements. The 
vitamin content is commonly guaranteed 
by the manufacturer. At present con- 
centrated vitamin D supplements are in 
more general use. 

By removing the true fat or oil 
(which contains no vitamins) from cod- 
liver oil or other fish oils, vitamin con- 
centrates are prepared which are much 
more potent than the original fish oils. 
These supply both vitamin A and vita- 
min D (vitamin D s ) and are commonly 
sold with definite guarantees of vitamin 
value. 


Irradiated yeast, produced by treat- 
ing yeast with ultra-violet light, is an 
effective vitamin D supplement for hu- 
mans and for four-footed animals. As has 
been previously stated, it has a low po- 
tency for poultry. Various types of ir- 
radiated yeast are made with guaranteed 
potencies ranging from 4,000,000 to 
64,000,000 International Units of vita- 
min D 2 per pound. 

In the production of the product 
known as viosterol, or calciferol, the 
ergosterol is separated from yeast and 
then irradiated. This gives a product 
still more potent in vitamin D 2 on the 
dry basis. 

Activated animal sterol, or irradiated 
cholesterol, which supplies vitamin D 3 , 
is used extensively as a vitamin D sup- 
plement for poultry. The vitamin potency 
is guaranteed in terms of International 
Chick Units (I.C.U.) of vitamin D, and 
a common guarantee is 900,000 units 
per pound. 

206. Vitamin D in milk; vitamin D 
milk. — Whole milk from cows fed normal 
rations contains a significant, though 
relatively small, amount of vitamin D, 
and milk and butterfat are of consider- 
able importance as sources of the vitamin 
for man. The vitamin D content of nor- 
mal milk ranges from 3 to 56 Interna- 
tional Units per quart. Summer milk 
usually has considerably more than win- 
ter milk, because of the exposure of the 
cows to sunlight. Skimmilk and other 
dairy products containing but little but- 
terfat have only traces of the vitamin. 

There is apparently little difference 
in the vitamin D content of the butter- 
fat in the milk of the various breeds of 
cows. Because Guernsey and Jersey milk 
is rich in fat, it supplies somewhat more 
of the vitamin than milk lower in fat. 
If cows are fed a ration low in vitamin 
D and are not exposed to sunlight, their 
milk will be lower than normal in the 
vitamin. 

Even summer milk does not supply 
enough vitamin D to protect infants fully 
against rickets, if they receive no other 
source of the vitamin. Therefore vitamin 
D milk, usually containing not less than 
400 International Units of the vitamin 
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per quart, is produced commercially. The 
most common method now is to add a 
vitamin D concentrate to the milk. The 
vitamin D content of milk can also be 
increased by irradiating the cows with 
ultra-violet light, or by feeding them ir- 
radiated yeast. When cows are fed ir- 
radiated yeast, a very high intake is 
needed to raise the vitamin D content 
of the milk to the desired level. 

It is pointed out in Chapter XXV 
that when cows are fed ordinary good 
rations and have the normal amount of 
exposure to sunlight, they are not bene- 
fited by feeding them a vitamin D sup- 
plement. (1046) 

207. Effect of cod-liver oil on her- 
bivora. — Cod-liver oil has been widely 
used as a satisfactory vitamin supple- 
ment for humans and for poultry. How- 
ever, when cod-liver oil is given to her- 
bivora for long periods, injurious results 
may be produced. For example, in New 
York experiments fatal results were pro- 
duced when sheep, goats, rabbits, or 
guinea pigs were fed cod-liver oil for a 
long time, even though the amounts of 
cod-liver oil were not excessive. 30 In 
these animals there was a degeneration, 
or dystrophy, of various muscles, includ- 
ing the heart, in some cases. Similar in- 
jurious results to calves and other ani- 
mals have also been reported by other 
investigators. The bad results may have 
been due to destruction of vitamin E 
caused by the cod-liver oil. When fed to 
cows or goats, cod-liver oil and certain 
other fish oils also cause a marked de- 
crease in the fat content of the milk. 
(1064) 

Because of these results it does not 
seem wise to use cod-liver oil over long 
periods as a vitamin supplement for her- 
bivora (including cattle, sheep, goats, 
and possibly horses). In the cases where 
it is advisable to add a vitamin supple- 
ment to rations made up of ordinary 
feeds for these classes of stock, it is 
apparently safer to use a vitamin con- 
centrate instead. 


IV. The B-Complex Vitamins 


208, Vitamin B complex. — In the 
regions of the Orient where polished rice 


is the chief food of the people, the dis- 
ease known as beri-beri was widespread 
until it was found that this disease was 
due to vitamin deficiency. The symptoms 
of the disease are loss of appetite, fa- 
tigue, depression, and other nervdus dis- 
orders. , ** 

It was at first believed that beri- 
beri was caused by the lack of *-a single 
vitamin, which was called vitamin B. It 
was found later that what was formerly 


209, B-complex vitamins in live- 
stock feeding. — Green forages have a 




thought to be one vitamin aeUialD co7p> 


sists of separate vitamins that hawcfi^ 
ferent functions. The term ‘Vitamin B 
complex” is now used for the group of 
vitamins included in what was formerly 
considered to be the single factor, vita- 
min B. All the vitamins in the vitamin 
B complex are soluble in water. 

At least 10 B-complex vitamins have 
been discovered thus far, and there is 
some evidence that others exist. Some of 
these vitamins are widely distributed in 
ordinary livestock feeds, and therefore 
there is no lack of them in practical ra- 
tions. Deficiencies occur only when farm 
animals are fed rations made up of puri- 
fied nutrients under experimental con- 
ditions. 

Fortunately, the various B-complex 
vitamins are synthesized by the bacteria 
in the rumen of ruminants. 31 An ample 
supply thus becomes available to the 
ruminant, even when there might be a 
lack in the feed itself. Deficiencies of 
these vitamins are therefore not apt to 
occur in the case of cattle, sheep, or 
goats, at least after the animals have 
reached an age when the rumen has be- 
come well developed. Occasionally, there 
may be a deficiency, if normal bacterial 
action does not take place in the rumen, 
because the animal is suffering from 
other nutritive lacks or is otherwise in 
poor health. 

Considerable synthesis of B-complex 
vitamins occurs in the caecum and large 
intestine of the horse, 32 and a limited 
amount may also take place in the in- 
testines of other animals. This may ap- 
preciably reduce the supply needed in 
the feed. 
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good supply of all of the B-complex vita- 
mins, except vitamin B 12 . It is surpris- 
ing that although laboratory determina- 
tions have not shown any appreciable 
amounts of this vitamin in green, grow- 
ing fbr&ge, nevertheless growing chick- 
ens on good pasture never seem to have 
a deficiency of the vitamin, although 
th<?y definitely need it in their diet. Well- 
cured Kky and good silage are undoubt- 
ed^Jlood sources of most of the B- 

vitamins. 

amounts of the B-complex vita- 
mins in important feeds are stated in 
Appendix Tables V, Va, and Vb, so far 
as data are available. 

When dairy cows, beef cattle, or 
sheep receive ordinary rations that in- 
clude satisfactory roughage, no atten- 
tion need generally be given to the 
B-complex vitamins, because of the syn- 
thesis of these vitamins in the rumen. 
(44) A deficiency of B-complex vitamins 
can be produced in very young calves or 
lambs by feeding them highly purified 
diets containing no hay or even grain. 
However, when dairy calves are raised 
by the usual methods on natural feeds, 
there is generally no benefit from the 
use of vitamin pills or capsules to supply 
additional B-complex vitamins. (1120) 
Under natural conditions beef calves and 
lambs are well supplied with these vita- 
mins. 

Swine need the B-complex vitamins 
in their feed, because there is but little 
synthesis of them in their digestive 
tracts. Nevertheless, their requirements 
can be met if they are provided during 
the growing season with good pasture 
and if sufficient well-cured legume hay is 
included in their rations when they are 
not on pasture. However, for pigs 
not on pasture there may be an ap- 
preciable benefit from adding a B-com- 
plex vitamin supplement to the ration, 
especially a vitamin B 12 supplement. 
Such additions to swine rations are dis- 
cussed in Chapter XXXIV. 

Poultry have such high require- 
ments for riboflavin that it is necessary 
to include a riboflavin supplement in 
most rations, unless the birds are on 
good pasture. Some practical poultry 


rations are also deficient in vitamin B 12 
and certain other B-complex vitamins. 
The requirements of poultry for the B- 
complex vitamins and the use of supple- 
ments supplying them are therefore dis- 
cussed in detail in Chapter XXXVI. 

It has been reported that periodic 
ophthalmia, a perplexing disease that 
sometimes occurs in horses, may be pre- 
vented but not cured by a riboflavin 
'supplement. 

210. Yeast as a B-complex supple- 
ment. — Various forms of yeast, especially 
brewers’ dried yeast, are sometimes used 
as a B-complex vitamin supplement for 
livestock. There is no advantage in add- 
ing yeast to usual well-balanced rations 
for dairy cows, dairy heifers, beef cat- 
tle, sheep, or horses, because they need 
no additional supplies of the B-complex 
vitamins. 

There may be some benefit from 
including yeast in a calf starter for dairy 
calves raised on a minimum amount of 
milk, or in a milk substitute or replacer. 
(1119) 

It does not usually pay to add yeast 
to rations for swine on pasture or even 
for those in dry lot which are fed good 
rations that include legume hay and a 
protein supplement of animal origin. For 
pigs in dry lot fed such a ration as grain, 
soybean oil meal, minerals, and a small 
percentage of alfalfa meal, - there may 
be a benefit from including yeast, un- 
less the ration has some other B-complex 
vitamin supplement. • 

Brewers’ dried yeast furnishes some 
of the thus far unidentified vitamins 
needed by poultry. As shown in Chapter 
XXXVI, there is an advantage in adding 
yeast to certain rations for chicks and 
broilers, if sufficient amounts of these 
unknown vitamins are not supplied by 
the other feeds. 

211. Thiamine. — Thiamine, which 
is also called vitamin B x , prevents the 
polyneuritis (nervous symptoms) in beri- 
beri and was therefore termed the anti- 
neuritic vitamin. A lack of thiamine also 
causes loss of appetite, failure to grow, 
emaciation, general weakness, and finally 
death. Thiamine is an essential part of 
an enzyme needed for the metabolism 
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of carbohydrates in the body, and is ap- mine is destroyed so completely that a 
parently required by all species of ani- form of paralysis is produced, 
mals. Because of the wide distribution of 

Thiamine is widely distributed in thiamine in common livestock feeds, 

natural human foods and stock feeds, farm animals undoubtedly secure am- 

The unmilled cereal grains are all rich pie amounts when fed any usual ration 

in it, nearly all the thiamine being in that would be otherwise satisfactory, 

and adjacent to the germ and in the Also, as has been stated previously, cat- 

aleurone layer. Therefore white flour and tie and sheep are not dependent on a 

polished rice have little. Fresh green for- supply in their feed, because thiamine 

age contains a fair supply of thiamine, is synthesized by bacteria in the 

as do well-cured hay and other dry for- The thiamine requirements oltoviOT^ 

age of good quality. It is supplied in fair and poultry are stated in Ghi!pf9^ 
amounts by milk and whey. Yeast is es- XXXIV and XXXVI. 



Young Chick Paralyzed By Lack of Thiamine 

This chick was fed an experimental ration lacking thiamine and is suffering from severe 
polyneuritis. (From Norris and Hetiser, Cornell University.) 

pecially rich in it. Pure thiamine is pro- 212. Riboflavin. — Riboflavin, which 

duced " commercially in considerable is also called vitamin R 2 and formerly vi- 
amounts by chemical synthesis for use tamin G, was the second of the B-com- 
chiefly as a vitamin supplement for hu- plex vitamins to be identified. Riboflavin 
mans. is of much practical importance for poul- 

The amounts of thiamine in im- try, which have high requirements for it. 
portant feeds, expressed in milligrams Their needs for riboflavin and the use 
of thiamine per pound, are given in Ap- of riboflavin supplements are discussed 
pendix Table V, so far as data are avail- in detail in Chapter XXXVI. 
able. Ruminants commonly have plenty 

Thiamine is stable in ordinary dry of riboflavin in their usual rations. Also, 
feeds. For example, whole rice stored in it is fortunately synthesized in adequate 

an arid climate for 100 years was still amounts in the rumen, except for a few 

rich in it. It is destroyed in neutral or weeks after birth, 
alkaline solution by prolonged boiling. Swine on good pasture receive am* 

It is of interest to note that when pie riboflavin, but the experiments sum- 

certain kinds of raw fish are included in marized in Chapter XXXIV show that 

the diet of foxes and minks, the thia- there is a benefit from adding a ribo- 
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flavin supplement to some well-balanced 
rations for pigs in dry lot. 

Riboflavin is an essential part of an 
enzyme necessary in the oxidation proc- 
esses ; of living cells and is therefore 
probably needed by all living cells. It is 
also a part of other important enzymes 
in the body. Riboflavin is essential for 
the growth of animals and for proper 
nutrition at all ages. A deficiency °is apt 
tQpmife digestive disturbances, general 
we a j ggiss, poor condition of the eyes and 
^SmTlnd nervous symptoms, as well as 
lessening the resistance to disease. 


rich in riboflavin and liberal amounts are 
furnished by green forages, well-cured 
hay, and distillery by-products that in- 
clude the distillers solubles. Whole grains 
and other seeds have significant amounts 
of riboflavin, but not enough to provide 
the chief source for poultry. Wheat bran 
and middlings supply considerably more 
riboflavin than does the entire wheat 
grain. The oil meals and also meat scrap, 
tankage, and fish meals have fair 
amounts. 

Riboflavin supplements of three 
types are produced commercially. Syn- 



Riboflavin Deficiency in a Chick 

Note the characteristic curled-toe paralysis. (From Poultry Husbandry Department, 
Cornell University.) 


In chicks a deficiency of riboflavin 
causes a characteristic paralysis of the 
legs, called curled-toe paralysis. In hens 
a deficiency results in poor hatchability 
of eggs. A lack of the vitamin in pigs 
produces slow growth, stiffened legs, 
chronic diarrhea, skin eruptions, and eye 
troubles. Experiments, mentioned in 
Chapter XXXII, indicate that periodic 
ophthalmia, a perplexing eye disease that 
sometimes occurs in horses, may be pre- 
vented by the use of a riboflavin sup- 
plement. 

Milk and dairy by-products, such as 
dried skimmilk, dried buttermilk, and 
dried whey, are especially rich in ribo- 
flavin. This is one of the chief reasons 
for the high value of milk by-products 
in poultry feeding. Yeast is also very 


thetic riboflavin is manufactured chem- 
ically, and riboflavin concentrates are 
produced from bacterial cultures, or from 
certain fermentation residues in the pro- 
duction of butyl alcohol or other com- 
pounds. The riboflavin potency of these 
concentrates is guaranteed by the manu- 
facturer. The riboflavin in all these types 
of supplements is equally available to 
animals, but it must be borne in mind 
that the synthetic riboflavin furnishes 
only this vitamin, while the other ribo- 
flavin supplements also supply some of 
the other B-complex vitamins. 

213. Niacin, or nicotinic acid. — 
Niacin, or nicotinic acid, is a B-complex 
vitamin that is necessary for all animals, 
because it is a part of two important 
enzyme systems which are essential in 
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body metabolism. A supply in the food 
is, however, needed only by certain ani- 
mals, including humans, swine, poultry, 
and dogs. A deficiency of niacin is the 
chief cause of pellagra, a serious dis- 
ease of humans. 

Ruminants, including cattle, sheep, 
and goats, do not need niacin in their 
food, because sufficient amounts are pro- 
duced through bacterial synthesis in the 
rumen. (44) Certain other animals, in- 
cluding young calves, and also rats and 
horses, are apparently able to produce 
plenty of niacin in their tissues from 
other compounds. 

Niacin is widely distributed in 
feeds, and ample amounts are supplied 
by most rations that are otherwise satis- 
factory. The requirements of swine and 
poultry, which in some cases are bene- 
fited by furnishing additional niacin, are 
discussed in Chapters XXXIV and 
XXXVI. 


feeds are stated in Appendix Table V, so" SI 
far as data are available. It will be noted| 
that dried yeast, rice polish, rice brarffjj 
wheat bran, peanut oil meal, arid 
forage and pasture crops are rich ip thUJ 
vitamin. Barley grain, wheat grainy tiidL, 
sorghum grains, the oil mea|^jfri®^'|^ 
scrap, tankage, and fish meal JH 

sources. Good-quality hay supp.M K jj@y W j 
amount, while corn grain, oats, 
dairy by-products have a ratheijpHK- ' f* * 
tent. fc 

Large quantities of niacin ' 
manfactured by synthetic chemicarproc- 
esses, chiefly for use in enriching bread 
and cereals and for other human use. 

Niacin is stable in foods and is re- 
sistant to heat 1 and oxidation. The vita- 
min occurs in foods not only as nicotinic 
acid, but also in the form of a compound 
called nicotinic acid amide, or nicotina- 
mide, which is equally potent. j 

214. Pantothenic acid. — Pantothen- 


Reeent investigations have proved 
that in the case of animals which require 
a food source of niacin, the vitamin can 
readily be made in the body from the 
amino acid tryptophan. 33 In this way 
tryptophan can replace niacin in the diet. 
This discovery explains why humans are 
more subject "to pellagra when they live 
mostly on corn grain, which is very low 
in tryptophan, as well as being low in 
niacin. It also explains why there is more 
apt to be a deficiency in rations for pigs, 
when most of the feed is corn. 

Experimental rations deficient in 
niacin cause lack of appetite in pigs, 
severe diarrhea, skin disease, and even 
paralysis of the hind quarters. It is 
pointed out in Chapter XXXIV that un- 
der practical conditions rations contain- 
ing a liberal amount of niacin may re- 
duce the trouble from necrotic enteritis 
in pigs. A lack of the vitamin in rations 
for dogs produces severe inflammation 
of the tongue and mouth, called black 
tongue. In chicks a deficiency of niacin 
causes a similar condition, and also slow 
growth, poor feathering, and sometimes 
a scaly condition of the skin. In young 
turkeys a lack produces a hock disorder, 
similar to perosis in chicks. 

The amounts of niacin in Important 


Ic acid, earlier called the filtrate factor 
and the chick anti-dermatitis vitamin, is 
a B-complex vitamin that is needed bv 
chickens, turkeys, pigs, dogs, foxes, and 
probably some other species of animals. 
Because of its wide distribution in feeds 
of both plant and animal origin, the ra- 
tions commonly fed to livestock generally 
furnish ample amounts. It is also quite 
stable in feeds. 

Rather restricted rations may oc- 
casionally have insufficient pantothenic 
acid for pigs and poultry. Therefore their 
requirements are discussed in later chap- 
ters. If ruminants need the vitamin, they 
do not require a supply in their feed, be- 
cause it is synthesized by bacterial ac- 
tion in the rumen. 

A deficiency of pantothenic acid, 
produced by restricted experimental ra- 
tions, results in poor growth of .chicks, 
ragged feather development, and skin 
disease (dermatitis), characterized by 
scabby sores at the corners of the mouth 
and on the feet, and incoordination and 
paralysis. In mature fowls a deficiency 
causes poor hatchability of eggs. 

In pigs a deficiency of pantothenic 
acid causes poor appetite, slow growth, 
coughing, diarrhea, dermatitis, and stilted « 
gait, known as “goose stepping,” A Jack 
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P|| of pantothenic acid is one of the causes 
y%jjf premature graying of hair in rats, 
' bgs, and foxes fed experimental rations 
efficient in the vitamin. 

ILarge amounts of pantothenic acid 
supplied by alfalfa hay and probably 
.enyg|#d hay, by green pasture and 
Jfe>ps, and by wheat bran, dairy 
pits, peanut oil meal, rice bran, 
molasses. Yeast is especially 
.e vitamin. Cereal grains and 
roducts, most oil meals, beet 
fish meal supply fair to good 
Calcium pantothenate, the cal- 
cium salt of pantothenic acid, is the pure 
form of the vitamin available commer- 
cially, 

: 215. Pyridoxine. — Pyridoxine, or vi- 

tamin B (P is a B-complex vitamin which 
is so widely distributed in common feeds 
that it is not deficient in ordinary ra- 
tions for farm animals. By the use of 
experimental diets purposely made very 
low in pyridoxine, it has been found to 
be necessary for pigs, poultry, dogs, and 
rats. 

A deficiency of the vitamin causes 
lack of appetite, poor growth, and fits or 
convulsions in these species. In hens it 
results in rapid loss of weight and in 
poor egg production and low hatchability 
of the eggs. Young pigs fed a ration lack- 
ing pyridoxine have little appetite, fail 
to grow, often have a type of anemia, 
and also may have fits. In rats a lack 
causes a characteristic skin disease. 

Pyridoxine is apparently necessary 
for the formation of enzymes that are 
needed for the utilization of amino acids, 
and it also seems to be concerned 
with the formation of the hemoglobin of 
the blood. 

Pyridoxine is very widely distributed 
in feeds of plant and animal origin, and 
it keeps well in storage. The cereal grains 
and other seeds and their by-products, 
and also milk, meat, fish, and cane mo- 
lasses are good sources. Yeast and rice 
polish are especially rich in the vi- 
tamin. 

Like other B-complex vitamins, 
pyridoxine is synthesized in the bacterial 
action taking place in the rumen of 
ruminants. Cattle and sheep are there- 


fore not ordinarily dependent on a sup- 
ply in their feed. However, it was found 
in Michigan studies that under certain 
conditions dairy cattle suffered from a 
peculiar disease, called poikilocytosis, 
which was apparently caused by a defi- 
ciency of pyridoxine, because of a lack 
of normal bacterial action in the ru- 
men. 34 The condition was found chiefly 
in calves fed restricted rations or in older 
animals with an experimental rumen 
fistula (an artificial opening into the ru- 
men). The trouble could be corrected 
by feeding pure pyridoxine or else yeast, 
which is rich in the vitamin. 

216. Biotin. — Biotin, which was 
formerly called vitamin H, is a B-com- 
plex vitamin that is required by poultry, 
dogs, rabbits, monkeys, and probably 
some other species. Certain characteris- 
tic symptoms of deficiency are produced 
in these animals by feeding restricted 
rations very low in biotin. Much smaller 
amounts of the vitamin are needed than 
of most of the other vitamins, and it 
seems to be widely distributed in ordi- 
nary feeds. So far as is known, a deficiency 
of biotin does not occur in practical ra- 
tions that are otherwise satisfactory for 
farm animals. Jxi addition, biotin is syn- 
thesized in the rumen of ruminants, and 
also to some extent in the digestive tract 
of other animals. 

In chicks a deficiency of biotin in 
restricted experimental rations produces 
symptoms somewhat like those result- 
ing from a deficiency of pantothenic 
acid. Biotin is also necessary, along with 
manganese and choline, for the preven- 
tion of slipped tendons in chicks. In hens 
a lack reduces the hatchability of eggs 
but does not seem to decrease egg pro- 
duction. 

Biotin deficiency can be produced 
in poultry and pigs by feeding too large 
amounts of uncooked eggs, such as waste 
eggs that fail to hatch in the incubator. 
This is because uncooked egg white con- 
tains a compound called avidin, that 
makes biotin unavailable. (976) 

The biotin content has not been 
determined in many feeds, but appar- 
ently it is present in sufficient amounts in 
most feeds. Alfalfa hay, green forages, 
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grains, soybean oil meal, cane molasses, 
and yeast have been found to be good 
sources. It is very stable in feeds. 

217. Choline. — Choline, one of the 
B-complex vitamins, has important func- 
tions in animals. It is a part of lecithin, 
the phospholipid which is essential in 
the assimilation and transport of fat. 
(14, 47) A compound of choline is also 
concerned in the transmission of nerve 
impulses. 

When fed usual rations, most ani- 
mals are able to make sufficient choline 
in their body tissues from other com- 
pounds to meet their needs. Also, choline 
is synthesized by bacterial action in ru- 
minants. The formation of choline in the 


choline requirements of poultry are 
stated in Chapter XXXVI, and the use 
of choline supplements discussed. 

Most feeds apparently .have- good to 
fair amounts of choline. Liver meal, 
brewers' dried yeast, fish meal, meat 
scrap, tankage, soybean oil meal, cot- 
tonseed meal, and distillers solubles are- 
rich in it. Fair sources are most grains 
(except com and the grain sorghums), 
wheat by-products, dairy by-pydpcts, 
and alfalfa hay. Various choline 
ments are now produced commel^feil^^. 
and choline is often included in the com- * > 
bination B-complex supplements sold for \ 
reinforcing poultry or other rations. 

218. Betaine. — Betaine is not a vi- 


body itself seems to depend on adequate 
supplies of other vitamins, especially vi- 
tamin B 12 . Poultry are able to make less 
choline than the larger farm animals, and 
shortly after birth pigs and calves have 
less ability to make it. 

In chicks and young turkeys a de- 
ficiency of choline causes poor growth 
and also slipped tendons, or perosis. In 
mature birds a lack lowers egg produc- 
tion and increases mortality. Deficiency 
symptoms have also been produced in 
very young pigs and calves fed experi- 
mental rations purposely made very de- 
ficient in choline. 

Certain compounds, particularly the 
amino acid methionine and the com- 


tamin, but it is treated here because it 
can partially replace choline in the diet, 
as it likewise furnishes readily usable, or 
labile, methyl groups. (217) In the same 
manner betaine may reduce the need for 
methionine, which also supplies labile 
methyl groups. While betaine can thus 
partially replace choline or methionine in 
this process, called transmethylation, it 
cannot perform the other functions of 
either choline or methionine. Dehydrated 
alfalfa, wheat bran, and wheat middlings 
are good sources of betaine, and pre- 
sumably legume hay supplies it. Beet 
molasses is especially rich in it, and still 
richer is a concentrate prepared from a 
beet molasses residue, left after the com- 


pound called betaine, can partially re- mercial production of glutamic acid, 
place choline in function. Like choline, 219. Folic acid, or folacin.— Folic 

these compounds furnish labile, or read- ac id, also called folacin and pteryl-glu- 

ily available, methyl groups (CH, } tamic acid, is a B-complex vitamin that 

groups), needed in forming choline or j s necessary for certain animals. It is 

methionine from certain other com- called folic' acid because it is present in 

pounds. However, methionine or betaine the foliage of plants, and it is thus widely 

cannot perform all the functions of cho- distributed in forages. Oil meals are good 

line, and do not prevent perosis. sources, and cereal grains supply some. 

Except in the case of poultry, most go far as is known, folic add is not de- 

well-balanced rations for farm animals ficient in the usual rations fed livestock, 

apparently have plenty of choline. While Symptoms of folic add deficiency 

much larger amounts of choline are re- produced in chicks fed highly purified 
quired by poultry than they need of the diets are slow growth, poor feathering, 
other vitamins, the amounts of choline bleaching of feathers, and anemia. It is 
in ordinary feeds are also far greater, apparently needed for good hatchability 
For example, solvent-process soybean oil of eggs. 

meal per pound has 1,285 milligrams of Synthetic folic acid is produced 

choline, while it has only 1.9 milligrams commercially, and is used in the treat- 
of riboflavin. (Appendix Table Va.) The ment of certain anemias in humans. 
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Definite folic acid deficiency in 
young pigs has only been produced, even 
on a highly-purified ration, by adminis- 
tering a sulfa drug to prevent the for- 
mation of the vitamin in the digestive 
tract, or by feeding a substance that de- 
stroyed folic acid or prevented its action. 
In an experiment in which a ration made 
up of ordinary feeds was fed, but which 
i was ]ow in protein, folic acid addition 
increase the gain of weanling 
/^Pgs, $ut not on a ration with ample pro- 

220. Vitamin B 12 . — The recent dis- 
covery, isolation, and commercial pro- 
duction of vitamin B 12 is one of the most 
dramatic chapters in modern nutrition 
research. 36 This discovery, followed 
shortly by the commercial production of 
pure vitamin B 12 , is of untold benefit to 
humans afflicted with pernicious anemia. 
Concentrated vitamin B 12 supplements 
made for livestock feeding have also 
found wide use in rations for poultry and 
pigs not on pasture. 

Previous to the discovery of vitamin 
B 12 , it had been known that when poul- 
try or swine not on pasture were con- 
tinuously fed a ration having no protein 
supplement of animal origin, nutritive 
deficiencies often developed. Such de- 
ficiencies occurred even though the ra- 
tion had ample protein and minerals and 
adequate amounts of all the vitamins 
then known. The term animal protein 
factor was used for the unknown factor 
or factors supplied by supplements of 
animal origin, such as fish meal, fish 
solubles, meat scrap, tankage, and dairy 
by-products. 

Recent experiments with chicks and 
young pigs have shown that a large part 
of the beneficial effect produced by these 
feeds of animal origin when added to a 
ration entirely from plant sources, is due 
to the vitamin B 12 they contain. How- 
ever, as is pointed out later, such feeds 
also supply certain vitamins or nutritive 
essentials that have not yet been identi- 
fied and isolated. These are called ur* 
identified vitamins , or unidentified food 
factors , (222) 

Because of these unidentified fac- 
tors, optimum results may not be secured 


when chicks or pigs are kept under re- 
stricted conditions on a ration entirely 
from plant sources, even when all the 
known vitamins, including vitamin B 12 , 
are supplied. 

Through fine teamwork of a group 
of scientists, pure vitamin B 32 was pro- 
duced commercially and made available 
to the medical profession within four 
months after the discovery was first an- 
nounced. This rapid development of a 
process for producing the pure vitamin 
is especially remarkable, because of the 
mere traces of the vitamin there are in 
the sources from which it can be iso- 
lated. For example, a ton of liver, one 
of the richest sources, contains much 
less than a gram of vitamin B 12 . 

The vitamin is synthesized by sev- 
eral kinds of micro-organisms, including 
some of those that produce antibiotics. 
Fortunately, it can be prepared commer- 
cially from the mother liquor left after 
most of the antibiotic is removed in the 
preparation of the antibiotic product. 
From these sources pure crystalline vita- 
min R 13 is produced for use in medicine. 
Also from these sources vitamin B 12 feed 
supplements are made for use in stock 
feeding. The vitamin B 12 content per 
pound of such supplements is guar- 
anteed by the manufacturer. Some of the 
vitamin B i2 supplements contain not 
only the vitamin, but also guaranteed 
amounts of an antibiotic. Such a supple- 
ment is termed sl vitamin B 12 and anti- 
biotic feed supplement (966) 

Vitamin B 12 is the most expensive 
organic product made commercially, the 
current price being about $300.00 per 
gram for the pure crystalline vitamin. 
Nevertheless, the quantity required in a 
hypodermic dose for treating pernicious 
anemia is so small (only 15 micrograms) 
that the vitamin B 12 in the dose costs 
less than a cent. 

The high cost of the pure vitamin 
per gram is not surprising, considering 
the fact that very complicated chemical 
processes are required to recover the vi- 
tamin from the mere trace in the liquor 
from the microbial fermentation. This 
commonly has only 1 to 2 grams of the 
vitamin per ton of liquor. The price of 
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the vitamin in vitamin B 12 feed supple- 
ments is much less than for the pure 
crystalline vitamin, because the process 
of manufacture is far simpler. 

Vitamin B 12 is probably needed by 
most animals, but it is synthesized in 
plentiful amounts in the bacterial fer- 
mentation that occurs in the rumen of 
ruminants. A certain amount of the vi- 
tamin is also apparently produced in the 
intestines of other animals, but the quan- 
tity thus made available to the animal is 
not sufficient to meet the needs of poul- 
try and swine. They therefore need a 
source in their feed. 

However, only very small traces of 
vitamin B 12 are needed by poultry and 
pigs, as shown in later chapters. For 
example, chicks need only 4 micrograms 
per pound of feed. The minute size of 
this requirement is shown by the fact 
that an ounce of the pure vitamin would 
be sufficient for 7 million pounds of feed. 

The vitamin B rj requirements of 
poultry and swine and the use of vitamin 
B r , supplements for them are discussed 
in Chapters XXXVI and XXXIV. 

Vitamin B 12 contains about 4 per 
cent of cobalt as an essential part of the 
vitamin. As stated in the previous chap- 
ter, it is believed that the chief cause of 
cobalt-deficiency troubles in ruminants 
is a lack of vitamin B 12 , because of the 
greatly decreased formation of the vita- 
min in the rumen when there is a serious 
lack of cobalt in the food. (175) 

The chemical name for vitamin B 12 
is cyanocobalamin. A closely related com- 
pound, Vitamin B 12b , seems to be equally 
effective in animals. 

It is believed that feeds of plant 
origin, even green, growing forages, con- 
tain little or no vitamin B l2 , In spite of 
this, young poultry or pigs on good pas- 
ture apparently have no deficiency of the 
vitamin, even when fed a ration that 
would be lacking in it if fed in dry lot. 

Appendix Table Vb states the ap- 
proximate vitamin B 12 content of various 
feeds, so far as data are available. 

221. Other B-complex vitamins. — 
Inositol and para-aminobenzoic acid are 
other B-complex vitamins that have been 
identified and isolated. Both are widely 


distributed in common feeds, and so far 
as is known, a deficiency of either of 
these vitamins does not occur in ordin- 
ary rations fed farm animals. Apparently 
these vitamins are synthesized in the di- ‘ 
gestive tract or in the animal tissues, * 

Inositol is a part of phytic acid and 
phytates, complex phosphorus-contain- 
ing compounds in plants. (151) ositol 
is an -essential nutrient for some kinds of 
yeast and fungi. By feeding higldy-puri- 
fied diets, it has been found that itjh. 
required by certain laboratory 
and by chicks. 

Para-aminobenzoic acid , abbrevi- 
ated to PABA, is a relatively simple 
organic compound that is a part of the 
folic acid molecule. It is a nutritive es- 
sential for certain bacteria and for some 
laboratory animals. It has also been re- 
ported that para-aminobenzoic acid 
increased the growth of chicks fed a 
highly-purified diet containing none of 
the vitamin. 

222. Unidentified vitamins. — That 
certain unidentified vitamins or growth 
factors are required by young chicks has 
been shown in recent experiments in 
which highly-purified diets have been 
fed, containing all the known essential 
vitamins, including vitamin B rj . These 
experiments are summarized in Chapter 
XXXVI. 

At least three unidentified vitamins 
seem to be required by chicks, and in 
addition, an unknown trace mineral or 
combination of minerals. One of the un- 
identified vitamins, called the fish solu- 
ble factor, is supplied in the largest 
amounts by fish solubles, fish meal, liver 
meal, and penicillium mycelium meal 
Meat scrap has somewhat less, and there 
is a smaller amount in dried skimmilk, 
dried buttermilk, and dried whey, 

A second unidentified vitamin, 
called the distillers solubles factor, is 
supplied by grain or molasses distillers 
solubles and brewers' dried yeast. A 
third, called the grass juice factor, is 
well supplied by fresh green forage, 
dried whey, dried skimmilk, and brewers' 
dried yeast, and is also furnished by 
some alfalfa meal Soybean oil meal and 
also grain or molasses fermentation solu- 
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bl^s have small amounts of this factor. 

* Recent experiments with baby pigs 
fe<f purified diets indicate that very 
young pigs may require similar or the 
. same unidentified vitamins, in addition 
t to those which have been isolated and 
identified. 


V. Other Vitamins 

* j# Vitamin E. — Vitamin E is ap- 

■> qjarently concerned with several body 
«functi6ns, but the processes involved in 
certain of these are not yet known. Vi- 
tamin E was first discovered in experi- 
ments with rats, in which it was found 
that sterility of both males and females 
was produced on a highly-purified diet. 
This was found to be due to a lack of a 
vitamin, called vitamin E. 

Different forms of vitamin E have 
been identified, which are closely related 
complex organic compounds called to- 
copherols. These not only occur naturally 
in plants and in animal tissues, but they 
have also been synthesized chemically 
from other compounds. Alpha-tocopherol 
is believed to be the most potent of the 
forms of vitamin E. All are soluble in fat 
and fat solvents. 

Reproductive failure can be caused 
in chickens on a ration purposely made 
very deficient in vitamin E, But such an 
effect in swine is less definite. Cattle and 
goats have reproduced normally on ra- 
tions made very deficient in vitamin E. 

In some animals a serious lack of vi- 
tamin E causes a degeneration, or dys- 
trophy, of certain muscles, including the 
heart. It is shown in Chapter XXXI that 
the ‘stiff lamb disease,” which some- 
times occurs in young lambs, can be pre- 
vented or cured by vitamin E. A de- 
ficiency of the vitamin likewise seems to 
be the cause of the “white muscle dis-' 
ease,” which sometimes causes serious! 
losses of calves, especially in certain' 
range districts. 

In Minnesota experiments repro- 
duction was normal when dairy cattle of 
both sexes were fed rations devoid of vi- 
tamin E. 37 However, after cattle had 
been kept on an abnormal ration, de- 
void of the vitamin, for consecutive 


years, in some cases death occurred sud- 
denly because of heart degeneration. 

In New York investigations there 
was no improvement in the fertility of 
bulls used heavily in artificial insemina- 
tion when wheat germ oil, which is very 
rich in vitamin E, was added to an or- 
dinary ration. 38 Goats reproduced nor- 
mally during successive generations in 
Iowa experiments when fed rations that 
produced reproductive failure in rats, be- 
cause of the lack of vitamin E. 39 In other 
Iowa studies the reproductive perform- 
ance of ewes fed and managed properly 
was not significantly improved when ad- 
ditional vitamin E was supplied by feed- 
ing wheat germ oil. 40 

In chicks a lack of vitamin E pro- 
duces the disease called nutritional en- 
cephalomalacia, or “crazy chick disease.” 
In mature fowls a prolonged lack causes 
lowered hatchability of eggs and sterility 
of males. The exact requirements of poul- 
try for vitamin E have not yet been de- 
termined, because most good rations 
seem to have adequate amounts. Fur- 
ther information concerning vitamin E 
in poultry feeding is given in Chapter 
XXXVI. 

Vitamin E is widely distributed in 
livestock feeds and also in human foods 
that have not been too highly refined. It 
is abundant in the cereal grains and 
most other seeds, where it is present 
chiefly in the oil of the germ and not in 
the endosperm. Wheat germ oil is es- 
pecially rich in vitamin E and is there- 
fore used as a vitamin E supplement. 
The vitamin is also abundant in the 
green-leaved parts of plants and in good- 
quality hay, and is supplied in smaller 
amounts by animal tissues and eggs. 
Butterfat and lard have little vitamin E. 

Vitamin E keeps well in ordinary 
feeds but is destroyed by the presence of 
rancid fats or other substances that favor 
oxidation. If concentrate mixtures are 
not stored too long, the vitamin E value 
is retained satisfactorily. 

Nebraska and Minnesota experi- 
ments indicate that the usual rations fed 
farm animals will furnish ample amounts 
of vitamin E. 41 In the Nebraska studies 
female rats which ^had become infertile 
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on a diet deficient in vitamin E were 
restored to fertility when only 20 to 25 
per cent of any of the following common 
feeds was added: Alfalfa hay, wheat 
bran, wheat shorts, linseed meal, hom- 
iny feed, white or yellow corn, or kafir 
grain. In the Minnesota experiments the 
following additional feeds were found to 
supply enough vitamin E for successful 
reproduction of rats, when the same pro- 
portions of these feeds were fed as are 
commonly used for dairy cattle: Prairie 


tain claims made, the addition of 
tamin E supplement to ordinary .raqTof 
for dairy cows does not increase *J; n . 
yield of milk or raise the fat ?*perc. Im- 
age. 42 

Very potent vitamin E concentrates 
are made commercially by . extracting the 
small amounts in corn, cottonseed, soy- 
bean, or wheat germ oil, whieji contain 
only 0.1 to 0.3 per cent of the vit *n. 
Similar vitamin E supplements are $aade 
synthetically. 



Effect of a Lack of Ascorbic Acid on Guinea Pigs 

Above, a thrifty guinea pig, which received ample ascorbic acid. Below, a guinea pig 
suffering from scurvy, produced by a lack of the vitamin. ( From Wisconsin Station. ) 


hay, reed canary grass hay, wheat or rye 
straw, oat hulls, barley grain, corn glu- 
ten meal, com bran, dried molasses beet 
pulp, wheat gluten, cane molasses, meat 
scrap, fish meal, or blood meal. 

Advertising claims have been made 
that the addition of wheat germ oil or 
other vitamin E concentrates to the usual 
rations for farm animals will prevent or 
cure sterility and be otherwise beneficial. 
Most nutrition authorities believe, how- 
ever, that the use of vitamin E supple- 
ments for livestock is not generally bene- 
ficial, except when such a supplement is 
advisable to prevent one of the diseases 
mentioned previously. In spite of cer- 


224. Ascorbic acid, or vitamin C. — 
Ascorbic acid, or vitamin C (also called 
the anti-scorbutic vitamin), is probably 
required by all species of animals. How- 
ever, in most species ample amounts of 
the vitamin are made in the body tissues 
from other substances, and a supply in 
the food is not needed. Only human be- 
ings, monkeys, and guinea pigs lack this 
ability to synthesize ascorbic acid. Or- 
dinarily, it is not necessary to give any 
attention to ascorbic acid in feeding farm 
animals. 

A deficiency of ascorbic acid in 
man, monkeys, or guinea pigs causes 
scurvy. The chief symptoms of this nu- 
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, MW disease are loosening o£ the 
inflammation of the gums, hemor- 
-'brittleness of the bones, slow 
jfflEing ,: bf wounds, and loss of vigor. In 
this country scurvy among humans has 
now become rare, because of the univer- 
sal inclusion of fruits and vegetables in 
the diet; and the use of orange juice or 
toinat® juice for young infants before 
th^u£lcan consume other foods rich in 
ascorbic acid. In farm animals conditions 
resembling scurvy are practically un- 
known. 

Dairy cows in South Dakota experi- 
ments had a normal content of ascorbic 
acid in their blood after being confined 
to the barn for 3 or 4 years and fed a 
ration having practically none of the vi- 
tamin. 1 ' 1 This shows that they were able 
to synthesize sufficient amounts in their 
bodies. 

Fresh fruits, vegetables, and green 
forages supply ascorbic acid, the con- 
tent in citrus fruits, tomatoes, spinach, 
cabbage, and peppers being especially 
high. The vitamin is destroyed by oxida- 
tion in the heating of foods in the pres- 
ence of air and in the drying of forage. 
Mature seeds and their by-products, and 
also hay and other dry forage, have no 
vitamin C. Silage may contain appreci- 
able amounts. The vitamin is formed 
during the germination of seeds, and 
therefore sprouted seeds are rich in it. 

Some of the ascorbic acid in foods 
is in a partially oxidized form, called de- 
hydro-ascorbic acid. This is equal in po- 
tency to the common form, but it is 
readily oxidized further to inactive com- 
pounds. Ascorbic acid is soluble in water, 
which fact increases the loss of the vi- 
tamin in cooking by boiling, if the cook- 
ing water is thrown away. 

It was suggested from studies some 
years ago that in some cases cattle might 
not form enough ascorbic acid in the 
body to meet their needs, and that this 
might be the cause of sterility in cows 
and bulls. 44 Although the hypodermic in- 
jection of a solution of ascorbic acid was 
apparently the cause of restored fertility 
in some instances, such results have not 
been secured in later tests. 

Feeding ascorbic acid to ruminants 


does not increase the content in the 
body, because it is destroyed, or mostly 
destroyed, by the fermentations in the 
rumen. However, the formation of ascor- 
bic acid in the body tissues can be in- 
creased by feeding doses of a drug called 
chlorobutanol. 

In a recent Wisconsin experiment 
neither the hypodermic injection of as- 
corbic acid nor the feeding of chloro- 
Tutanol significantly increased the con- 
ception rate in hard-to-settle cows. 45 In 
a study by the United States Depart- 
ment of Agriculture the hypodermic in- 
jection of ascorbic acid in bulls suffering 
from vitamin A deficiency did not restore 
sexual activity or improve the potency of 
the semen. 46 

225. Vitamin K. — Vitamin K, the 
anti-hemorrhagic vitamin, is necessary, at 
least in some species of animals, to pre- ! 
serve the clotting power of the blood. If I 
chicks are fed restricted experimental 
rations deficient in vitamin K, the blood 
will lose its power to clot and serious 
hemorrhages will result from slight 
wounds or bruises. The blood fails to 
clot because the vitamin deficiency re- 
sults in a decrease of the prothrombin 
content in the blood. Prothrombin is the 
substance from which the enzyme is 
formed that clots blood when it is 
shed. 

Fortunately, in ruminants ample vi- 
tamin K is synthesized by the bacteria 
in the rumen, and thus made available 
to the animal. The vitamin is also pro- 
duced by bacteria in the intestinal tract 
of most animals. With the exception of 
poultry, in whose short intestinal tract 
less formation of vitamin K apparently 
occurs, livestock are not dependent on 
a supply of the vitamin in their food. 

While symptoms of vitamin K de- 
ficiency are readily produced in chicks 
on restricted rations lacking the vitamin, 
symptoms of deficiency are not produced 
in hens fed the same ration. This is ap- 
parently because more of the vitamin 
is made in the intestine of the older 
birds. A lack of vitamin K in the ration 
of hens does, however, result in such a 
low content of the vitamin in their eggs 
that chicks hatched from the eggs may 


m 


146 



FEEDS AND FEEDING 


fr 

VK 


bleed seriously from minor wounds, such 
as wing banding. 

Ample amounts of vitamin K are 
widely distributed in green, leafy for- 
ages, either fresh or dried. Other sources 
are fish meal, liver, and soybeans. Since 
vitamin K is a fat-soluble vitamin, sol- 
vent-process soybean oil meal has little. 
Vitamin K has good stability in feeds. 

There are several forms of vitamin 
K, and a synthetic compound, mena- 
dione, is produced commercially, which 
has an even greater anti-hemorrhagic 
potency than vitamin K. 

Only 1 to 2 per cent of alfalfa meal 
of good quality usually supplies plenty 
of vitamin K in poultry rations, even for 
chicks. Recent experiments show that the 
requirement of poultry for the vitamin is 
considerably increased if there is added 
to the ration a high level of certain 
drugs, such as sulfaquinoxaline (for coc- 
cidiosis control) or arsonie acid deriva- 
tives (as a growth stimulant). 47 Hemor- 
rhagic trouble may then occur in chicks 
on a ration that would be otherwise sat- 
isfactory. This can be prevented by in- 
creasing the percentage of alfalfa meal, 
or by adding to the ration a vitamin K 
supplement, such as menadione. 

It has recently been reported that 
the addition of menadione to the con- 
centrate mixture for dairy cows reduced 
the tendency for oxidized flavor to de- 
velop in milk. 48 

While vitamin K is not ordinarily 
of importance in the feeding of farm ani- 
mals, except chicks, it is of much value 
in human surgery and medicine. For ex- 
ample, it is effective in preventing un- 
due bleeding in certain operations and 
in treating hemorrhagic diseases of new- 
born infants. 


It has also been shown ' previously 
that part of the functions of choline can 
be performed by betaine or by methio- 
nine. (217) Both these, like choline, Jur- 
nish labile, or readily available, methyl 
groups necessary in certain syntheses in 
the body. 

In chicks, the requirement for 
choline is reduced when ample vitamin 
B 12 and folic acid are supplied; as these 
vitamins are concerned in the synthesis 
of methyl groups in the body. A high 
level of fat in the ration increases thqf 
need for choline, since choline is a part 
of lecithin, a phospholipid which is in- 
volved in the transport of fat in the 
body. 

It has been shown in the preceding 
chapter that the requirement for vita- 
min D is increased if a ration has in- 
sufficient phosphorus or calcium, or if 
there is an improper proportion or ratio 
between the amounts of calcium and 
phosphorus. 

In some experiments the addition 
of an effective antibiotic feed supple- 
ment to a ration for chicks has seemed 
to reduce the need for certain E-complex 
vitamins. On the other haftd, the require- 
ment for vitamin K is greatly increased 
by the continuous high-level feeding of 
certain drugs. (225) 

Such relationships as these show 
how a lack or even an excess of one nu- 
tritive essential may affect the need for 
another nutrient. 

QUESTIONS 

1. Define vitamin . 

2. Of what importance are green forage 

crops, including pasture, in meeting 
the vitamin requirements of farm ani- 
mals? 


226. Vitamin interrelationships, — 
Recent investigations, especially with 
chicks, have shown that the amounts of 
certain vitamins needed may be affected 
by the supply of another vitamin or of 
some other nutritive essential The fact 
that niacin can be formed in the body 
from the amino acid tryptophan has al- 
ready been mentioned. (213) Thus a 
liberal supply of tryptophan reduces the 
amount of niacin needed in the food. 


3. What are the best substitutes for green 

forage crops in this respect? 

4. Discuss vitamin A briefly, stating: (a) 

Its importance for farm animals; (b) 
its functions and the effects of a de- 
ficiency. 

5. Explain the relationship between caro- 

tene and vitamin A. 

6. Define a 11$, P. Unit of vitamin- A value. 

7. Discuss the losses of carotene and vita- 

min A in feeds. 

8. Are the following roughages rich, me- 
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r «iiiim 3 v or poor in carotene content: 

(a) Actively-growing pasture plants; 
*" ( b ) mature, weathered forage; (c) 

tii:’ green, leafy alf&lfa hay; ( d ) corn sil- 
age; (e) alfalfa silage? 

. What is the relative carotene content of 
the following: (a) Yellow com; (b) 
white corn; ( c ) barley, oats, wheat, or 
grain sorghums; (d) com gluten feed 

i from yellow corn; (e) ripe peas of 

; green varieties; (f) soybeans; (g) car- 
, i^pts; (h) sweet potatoes; (i) potatoes; 
(j) whole milk; (k) skimmilk; (1) 
egg yolk; ( m ) tankage or meat scrap? 

Should special concentrated vitamin-A 
supplements ordinarily be used for 
. dairy cows, beef cattle, sheep, or 
horses? 

Discuss the functions and importance of 
vitamin D. 

What are the effects of a deficiency of 
vitamin D on: (a) Young animals; 

(b) pregnant animals; (c) mature 
fowls? 

Explain the relation of light to vitamin 

D. 

Of what importance is sunlight in meet- 
ing the vitamin D needs of farm ani- 
mals? 

What is the relative value of vitamin D 2 
and vitamin D;s for poultry? 

What is the* form of vitamin D in: (a) 
Field-cured hay; ( b ) irradiated yeast; 
(e) fish-liver oils? 

Discuss the stability of vitamin D. 

What is the relative vitamin D content 
of the following: (a) Field-cured al- 
falfa hay of good quality; (b) green, 
growing plants; (c) hay-crop silage; 

(d) cereal grains and by-products; 

(e) fish meal; (f) meat scrap or 
tankage? 

What concentrated vitamin D supple- 
ments are used for poultry; for 4- 
footed animals? 

What is vitamin-D milk and how is it 
produced? 

Why are the B -complex vitamins not 
generally important in feeding cattle 
or sheep? 

When might it be economical to add 
yeast to a ration? 

What are the effects of a deficiency of 
thiamine? Is thiamine necessary in 
stock feeding? 

Of what importance is riboflavin in stock 
feeding? What feeds are rich in ribo- 
flavin? 

Discuss the importance of nicotinic acid 
in stock feeding. Name 5 feeds that 


are good sources of this vitamin and 
4 that are rather low in it. 

26. Of what importance are the following in 

feeding farm animals: (a) Pantothenic 
acid; (b) pyridoxine; (c) biotin; (d) 
choline; (e) folic acid? 

27. Discuss the use of vitamin B 32 feed sup- 

plements for livestock. 

28. Discuss the importance of vitamin E for 

farm animals. 

29. For what animals is ascorbic acid impor- 

tant? What feeds are rich in it? 

30. What is the function of vitamin K? Is it 

important in feeding most farm ani- 
mals? 
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CHAPTER VIII 

MAINTAINING FARM ANIMALS 




I. Requirements foe Heat 
and Energy 

227. Maintenance needs of animals. 
—On rthe average, fully one-half the 
feed eaten by farm animals is used 
merely to maintain the necessary life 
processes. Only the remainder of the 
food can be converted into such useful 
products as meat, milk, eggs, work, or 
wool. It is therefore highly important to 
understand the maintenance require- 
ments of animals. 

The amount of food that is needed 
merely to support an animal when doing 
no work and when yielding no product, 
is called a maintenance ration. When an 
animal receives a maintenance ration, 
its body will neither gain nor lose in 
protein, fat, or mineral matter. 

To maintfin an animal at rest with- 
out losing or gaining in weight, it must 
have adequate supplies of the following; 
(I) Heat to maintain the body tempera- 
ture; (2) energy to carry on the vital 
functions, such as breathing; (3) pro- 
tein to repair the small daily waste of 
protein tissues; (4) mineral matter to 
replace the small but continuous loss of 
minerals; (5) vitamins; (6) water; and 
(7) air. In addition to these nutrients, 
the requirements for which are discussed 
in this chapter, it has been shown in 
Chapter V that at least young calves, 
lambs, pigs, and chicks need a very small 
amount of fat or of certain fatty acids for 
health. (133) 

228. Maintaining the body tem- 
perature. — The average body tempera- 
ture of the larger farm animals is not far 
from 100° F., differing somewhat with 
the various species of animals and also 
slightly with individual animals of the 
same species. Since the body tempera- 
ture of warm-blooded animals is higher 
than the air temperature, except on the 


hottest summer days, it is evident that 
heat must normally be produced in their 
bodies to keep them warm. 

Heat is produced by all the oxida- 
tions which take place in the body, no 
matter whether of food yet in the di- 
gestive tract, or of nutrients in the mus- 
cles and other tissues of the body. In 
the case of animals exercising normally, 
the greater part of the heat is produced 
in the muscles, since all muscular con- 
traction is caused by the oxidation of 
nutrients in the muscles. Even when the 
muscles are not actively contracting, they 
are in a state of some tension, and a cer- 
tain amount of heat is being produced 
in them. 

It has been shown in Chapter III 
that considerable heat is produced, es- 
pecially in the case of ruminants, in the 
fermentations of carbohydrates that oc- 
cur in the digestive tract. Also, all the 
energy that is used up in the digestion 
and assimilation of food and in other 
forms of internal work is finally changed 
to heat. ( 68 ) Though this energy is lost 
so far as useful production is concerned, 
the resulting heat helps to maintain the 
body temperature. Even with such an 
easily digested feed as corn, about one- 
third of the total energy in the digested 
nutrients is unavoidably converted into 
heat in this “heat increment,” or so- 
called “work of digestion.” With rough- 
ages, such as hay and straw, the propor- 
tion of energy that is thus converted into 
heat is much larger. 

Unlike the burning of fuel in a 
stove, the oxidations in the body take 
place at a comparatively low tempera- 
ture. In still another respect, the body 
oxidations differ radically from ordinary 
burning of fuel. In a furnace the wider 
the draft is opened, increasing the supply 
of oxygen, the more rapid will be the 
combustion. However, in the body, so 
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long as there is a normal supply of oxy- 
gen, the rate of burning of the food nu- 
trients is independent of the supply ot 
air. Hence, the greater intake of oxygen 
in unusually deep breathing will not m 
itself cause an increase in heat produc- 
tion, though the increased muscular 
work in such breathing may lead to a 
slight increase in the production ot heat. 


229. Normal body temperatures of dif* 
ferent farm anhnals—The normal tempera- 
ture of different animals of the same species 
may vary considerably. On the other hand 
the temperature of an individual animal, if 
healthy, varies only within a narrow limit 
a departure of even one degree from normal 
with farm animals generally indicating some 
bodily derangement. 

The normal body temperatures of vari- 
ous farm animals are as follows: 1 For dairy 
cows the range is 100 . 4 — 10-.S F. _ (3S.C 
39,3° C.) and the average is about lOl.o b. 

/ os 6° C ). For beef cows the range is Jb.U 
—10 ! ’ 4“ F (36.7 — 39.1° C.) and the aver- 
age is about 101.0° F. ( 38 . 3 ° C.). For sheep 
tile range is 100.9-103 8^ F ( 38 o-39.9 
C.) and the average 102.o F\ C.). 

For horses the range is 99.0—100.8 F. 

(37,2 38.2° C.) and the average about 

99 8° F. (37.7° C.). For swine the range is 

IftlQ 103.6° F. (38.7 — 39,8° C.) and the 

a"™ about 102.5° F. (39.2° C.) Chick- 
ens have a distinctly Wgl«r body tempera- 
ture, with a range ot 105.0— 109.4 F. (40.6 

43.0° C.) and an average ot lUi.i t. 

(41.7° C.) during the daytime. 


230. Regulation of body tempera- 
ture . — Not only must heat be contin- 
uously produced in the body, but the 
temperature must be kept constant un- 
der varying external conditions and with 
supplies of food that differ in heat-pro- 
ducing power. This is done by the un- 
conscious regulation of both the loss and 
the production of heat. 

Extensive studies are being con- 
ducted by various laboratories, espe- 
cially bv Brody and associates at the 
Missouri Station in cooperation with the 
United States Department ot Agricul- 
ture, on the effects of air temperature, 
of humidity, and of air movement and 
other factors on heat production and con- 
trol of body temperature in farm am- 
mals. 2 Other studies on these subjects 
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are being carried on by the United States \ 
Department of Agriculture at Beltsville, 
Maryland, by the California, Louisiana, 
and Texas experiment stations, and by 
scientists in India and some other tropi- a 
cal and semi-tropical countries. 3 Thus 
far, most of these investigations have 
been with cattle, which suffer greatly m 

too hot weather. . 

Except in very hot weather, the 
most important means of regulatmg.dhe 
loss of heat is by varying the circulation 
of blood near the surface of the body. 
When the body temperature rises, more 
blood flows to the capillaries of the skin, 
where some of the heat passes off into 
the air It is this which causes the Hush- 
ing of the skin when one becomes 

heated. ^ meang 0 f control is not suffi- 
cient to keep the body temperature nor- 
mal, sweat is produced m the case of 
animals that can sweat appreciably. It 
the animal has only a few sweat glands 
or if these are not well developed, it will 
begin to breathe more rapidly or to pant. 
This increases the loss of heat by vapor- 
izing water from the lungs and mouth. 
The" respiratorv surface, mostly in the 
lungs, is far larger than the external 
body surface, and it is all moist, so water 
can "be evaporated from it. In man, the 
respiratorv surface is said to be at least 
30 times "the external body surface. 

Unless the air temperature is as 
high as the body temperature more 
rapid breathing also increases the loss ot 
heat by warming the air breathed in and 

° Ut Even in the case of animals that 
do not produce visible sweat, a con- 
siderable part of the heat loss is through 
the evaporation of water from the siu* 
face of the bodv in the form of insen- 
. sible perspiration, in which there is no 
■ visible sweat on the skin. This is an un- 
: portant means of controlling the body 
s temperature in cattle, in which the sweat 

- glands are poorly developed, except on 
the nose. In Illinois tests, even at an air 

i temperature of 69° F., us much as 40 to 
50 per cent of the total loss ol heat horn 

- the bodv was by vaporization of water 
s (including the loss both from the skm 
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and from the lungs) . 4 At higher tempera- 
tures the loss of heat by these means 
was still greater; 

In the Missouri studies, the loss of 
heat by cattle in insensible perspiration 
was small at comfortable air tempera- 
tures, but amounted to as much as 70 per 
cent of the total heat dissipated at an 
air temperature of 95° F. 

Animals use other means of* heat 
control in hot weather. If it is available, 
they will seek shade, where it is cooler. 
A pig \Vill try to keep cool by wallowing 
in water or mud, in order to increase the 
heat loss by wetting the skin. Also, a 
pig may burrow into cool earth. 

In addition to these means of regu- 
lating the body temperature, the cloth- 
ing of man, and in other animals the 
hair, wool, feathers, thick skin, or blanket 
of fat under the skin check and control 
the loss of heat from the body. For ex- 
ample, a bird can check the loss of heat 
in cold weather by ruffling up its 
feathers. Similarly, the loss of heat in an 
animal may be checked by the hair be- 
ing more erect when it is cold. Also, 
when an animal is sleeping, it will tend 
to curl up if it is cold and to stretch out 
when it is hot, thus decreasing or in- 
creasing the amount of body surface ex- 


231. Controlling the production of 
heat in the body. — When the tempera- 
ture of the air is too cold, then the pro- 
duction of heat in the body must be 
speeded up. This is done by increasing 
the oxidations in the muscles and other 
tissues. On cold days animals eat more 
heartily and take more exercise than in 
warm weather, both of which result in 
the production of more heat. A low air 
temperature may also cause an involun- 
tary stimulation of the oxidations going 
on in the muscles, which may even be- 
come visible in the shivering of the 
chilled animal. The shivering is caused 
by the muscular contractions that occur 
involuntarily in order to produce more 
heat. 

The temperature of the air below 
which the oxidations in the body must 
be increased to keep an animal warm is 
called the critical temperature for that 


animal. The exact temperature will de- 
pend on the species of animal; on its 
coat of hair, wool, or feathers; on its de- 
gree of fatness; and, especially, on how 
liberally it is being fed. 

The critical temperatures for farm 
animals with winter coats and which are 
fed maintenance rations are probably 
somewhat below 60° F. For fasting ani- 
mals with normal coats the critical tem- 
peratures usually range between 60° and 
70° F. 5 In the case of a man wearing 
ordinary clothing the critical temperature 
is about 49° F., and for swine it has 
ranged from only 52° F. or less, to 
68° F. 6 

In the case of liberally-fed dairy 
cows or full-fed fattening animals, much 
heat is unavoidably produced in the mas- 
tication, digestion, and assimilation of 
the large rations. Except in unusually 
cold weather, the heat thus formed is 
sufficient to keep them warm, and they 
are not benefited by warm quarters. In 
such animals the critical temperature is 
very low. 

Any external conditions that in- 
crease or decrease the loss of heat from 
the body affect the critical temperature. 
For example, wind striking the body con- 
tinuously removes the layer of partially- 
warmed air next to the skin, and thus in- 
creases the loss of heat. Therefore a cold 
temperature is felt much more on a 
windy day, and wind makes hot weather 
less uncomfortable. Moistness of the air 
increases the conducting power of the 
hair, wool, or clothing, and therefore ani- 
mals feel the effects of damp, cold 
weather much more than of dry cold. 

Above the critical air temperature 
for an animal, the rate of metabolism re- 
mains rather constant with a rise in air 
temperature, until the air becomes so 
hot that the body temperature increases. 
This then causes greater heat production 
through speeding up metabolism, in spite 
of the animal already being too hot. If 
the animal suffers so much from heat 
that appetite fails, then less heat may 
be produced, because of the decrease in 
heat increment. (68) 

232. Shelter needed by farm ani- 
mals. — The requirements of each class 
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of farm animals for shelter are discussed 
in the respective chapters of Part III. 
For the reason just stated, warm stables 
are not needed for well-fed dairy cows. 
Similarly, cattle and sheep fattened dur- 
ing the winter in cold climates will make 
as economical gains when housed in an 
open shed as in a warmer stable. 

In the case of animals that are fed 
less liberally, feed may be saved by pro : 
viding more shelter from the cold. Very 
young animals need warmer quarters in 


yield of cows of our dairy breeds is re- 
duced considerably, and growing or fat- 
tening animals make less rapid gains. If 
the animals are subjected to very hot 
weather for a long period, their health 
may even be affected. Brody well sum- 
marizes the importance of the effect of 
hot weather as follows: “The serious 
agricultural problem in most parts of this 
country is not how to keep adult/ farm 
animals warm in winter, but how feokeep 
them cool in summer.” 7 



Fattening Stock Do Not Need Warm Shelter 

Heavily-fed fattening steers need no winter shelter except an open shed, for an abun- 
dance of heat is unavoidably produced in the digestion of their liberal rations. On the other 
hand, animals being carried through the winter on scanty rations may require less feed in 
warmer quarters. 


cold weather than older ones, because the 
temperature regulating mechanism is hot 
yet well developed in the body. Thus, 
brooders are needed for young chicks 
raised artificially. Pig brooders are bene- 
ficial to young pigs in cold weather. Very 
young dairy calves should also have 
reasonably warm quarters. 

233. Effect of hot weather. — In 
very hot weather the body temperature 
may rise considerably, in spite of all the 
efforts to keep it normal. In other words, 
the animal will have a fever, because of 
the excessive heat. 

Under such conditions the milk 


Much can be done to keep animals 
more comfortable and thus maintain sat- 
isfactory production in hot weather. 
Shade should be provided for stock on 
pasture, because an animal may absorb 
much more heat from the direct rays of 
the sun than is produced in the body 
itself, 8 

In hot climates, if there are no 
shade trees in pastures, portable or other 
shades should be made. Experiments in 
the hot Imperial Valley of California 
showed that the roof of a shade for cattle 
should be about 10 to 12 feet from the 
ground, in order to allow good move- 
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ment of air, 9 The roof should be of in- much more heat and absorbs less than 
sulating material, like hay, or of reflect- does long, wooly hair, such as our beef 
ing material, like aluminum. The shade breeds tend to have. Such a coat is a 
should be large enough to accommodate benefit in cold weather but a detriment 
the animals without crowding together, in heat. 

as this lessens heat loss from their bodies. In hot weather animals are more 

In these California studies, with an comfortable on a green, growing pasture 
average air temperature of 91.8° F., fat- than in a bare paddock. 11 This is because 
tening cattle provided with cooled drink- the air temperature near the ground in 
ing water (65° F.) gained 0.26 to. 0.44 the pasture is appreciably lower, due to 
lb, uiore a day than others getting un- the evaporation of water from the grow- 
cooled water (89° F.). ing plants. When the weather is hot, 


m 



Shade Should Be Provided in Hot Weather 

In hot weather stock on pasture should be provided with shade. Where there are no 
shade trees in the pasture lot, a cheap movable shelter will furnish shade. 

Anything that restricts good air stock on pasture graze much less than 
movement is detrimental to stock in hot normal during the heat of the day and 
weather. Wire-fence corrals are therefore less total time in the 24 hours. 12 They 
preferable to small, heavy wooden cor- will therefore not get their fill unless 
rals. The latter not only hinder free ah* there is an abundance of palatable for- 
movement, but also reflect and radiate age. 

heat. In very hot weather swine, which 

The absorption of heat from sun- have poor ability to get rid of excess 
light is decidedly less in the case of ani- heat, suffer much less if they can wallow 
mals with light-colored coats than by in water. This should be provided in a 
those with dark coats. 10 This is because concrete wallow, or a portable metal wal- 
more of the rays are reflected from the low, which can be kept sanitary, and not 
light-colored coat. It is of interest to note by a filthy mud hole. Another method of 
that most of the native breeds of cattle in letting swine get their skin wet is to let 
tropical countries have light-colored water trickle over a clean concrete floor 
coats, usually gray or light fawn-colored, in a hog pen. 

A dense, short, glossy hair coat reflects Experiments have been conducted 
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Indian, or Pakistani cattle) do 
Afrikander cattle also tolerate 

j /■wirn'f’r'iP'C fin a 


to find whether an automatic sprinkling 
device that produces a very fine spray 
would increase the milk yield of dairy 
cows in hot weather. The results thus 
far reported have not been encourag- 
ing. 13 

Animals can stand much hotter 
weather in a dry climate than where the 
humidity is high. This is because the 
animal can get rid of less heat by the 
evaporation of water when the air is 


Zebu Cattle Can Endure Extremely Hot Weather 


Zebu cattle tolerate very hot weather much better than cattle of the European breeds. 
This may be partly due to a more extensive development of sweat glands. This Zebu cow 
was the highest producer in the dairy herd at the Kama! Breeding Station in India at the time 
of a visit there by the author. She yielded 7,000 lbs. of milk in her first lactation and over 
10,000 lbs. in her second. 


moist. The effect of high humidity is 
much less in the case of cattle than for 
animals that can sweat freely. 14 

234. Heat tolerance of various farm 
animals. — The various kinds and breeds 
of livestock differ greatly in their ability 
to endure hot weather. The breeds and 
breeding of farm animals are outside the 
scope of this volume, and therefore only 
certain general statements concerning this 
matter are made here. 

The European breeds of cattle do 
not thrive under tropical conditions 
where Zebu cattle (also called Brahman, 


the Missouri studies with cows, the 
marked increase hi body temperature and 
the decline in feed consumption and milk 
production with increasing air tempera- 
ture, began at about 70° F. with Hoi- 
steins, 75° with Jerseys, 80° with Brown 
Swiss, and 90 to 95° with Brahmans. 

Because the infusion of Zebu blood 
greatly increases the tolerance to heat, 
cross breeding with Zebus is widely prac- 
ticed in tropical and semi-tropical regions. 
Such cross breeding is common in com- 
mercial beef herds in Florida and in 
the Gulf Coast district of this country 
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v ‘ \$$iere the summers are hot and humid. 
: Vj^roni surveys the author has made 

l' H M i west° c k production in Venezuela and 
P ^^ ^lilippmes, he is convinced that beef 
H^mtion can be greatly increased in 
by introducing Brahman or 
blood into the native cattle. 
v ^*& r der to combine the superior 
if^Hl^Rucing ability of the European 
^fcj^Hpbeds with the heat tolerance of 
^H^H^theCSanta Gertrudisr breed was de- 
the King Ranch of Texas, 
the blood of Shorthorns and 
l^rahmans. 15 Other cross-bred breeds 
^^p^KHeveloped are the Brangus, the 
the Charbra, and the Beef- 

R ma». 

x%:< w It is more difficult to develop high- 
\|j^ducmg dairy cattle suited to very hot 
' legions^- because most of the Zebu breeds 
• stre tel# producers of milk. Among 
such breeds that have fair milk-produc- 
ing ability are the Red Sindhi, a breed 
of very small cattle, and the Tharparker 
and Sahiwal breeds. 

Experiments are being conducted 
by the United States Department of Ag- 
riculture andy&ome of the southern ex- 
periment stations in which the blood of 
Red Sindhis % being combined with 
that of Jerseys and other European 
breeds. Similar breeding investigations 
are being carried on in Jamaica and in 
other tropical regions. 

Part of the greater ability of Zebu 
or Brahman cattle to endure heat is un- 
doubtedly due to the fact that they have 
a larger skin area per 100 lbs. of weight 
than do the European breeds. This is be- 
cause of the pendulous dewlap and navel 
fold, the long ears, and the hump. The 
greater surface area is a decided benefit 
to them in hot weather, but it is a dis- 
advantage in very cold weather, as it 
increases the heat loss from the body. 

In the Missouri studies, the Brah- 
man cows had a lower rate of metabolism 
and consequently of heat production 
than cows of European breeds. This was 
partly, but not entirely, due to their 
much lower milk production. Contrary 
to some opinions, the Brahman cattle did 
not sweat visibly at high air tempera- 
tures. Nevertheless, they were able to get 


rid of more heat by evaporative, 
especially at high humidity, t. 
cattle of European breeds. 

In bringing animals into a 1 
mate from a cooler region, they should 
reach the hot district at a cooler part of 
the year, so they can gradually become 
accustomed to the heat. In cattle the 
heat tolerance is lowest for calyes, and 
it increases gradually up to about 4 years 
of age. 

Water buffaloes can endure heat 
and humidity well, if they can immerse 
themselves in water or mud each day, 
or if their coats are wet, by splashing 
water on them. This is in spite of the 
fact that they are dark in color. Horses 
stand tropical climates better than the 
European breeds of cattle, and mules 
and donkeys have even greater heat 
tolerance. 

The author was surprised to find 
in a survey he made of the livestock in- 
dustry of the Philippine Islands that the 
improved breeds of swine get along 
much better than European breeds of 
cattle under tropical conditions, if they 
are provided with water wallows and 
strict attention is given to sanitation. 

235. Energy required for vital func- 
tions. — In a maintenance ration a certain 
amount of net energy must be supplied 
for the various activities of the body 
when it is idle. Even when an animal is 
not eating food or assimilating a meal, 
energy is required for the work of the 
heart, lungs, and other internal organs. 
Also, nutrients are constantly being oxi- 
dized in the muscles to keep them in a 
state of tension. In the case of most ani- 
mals more nutrients must be oxidized 
when they are standing than when they 
are lying at rest, as the muscles are un- 
der greater tension. If an animal moves 
about, a still larger amount of energy 
is needed for the movements. 

The amount of energy needed for 
all these purposes is relatively small, 
however, for an animal that is being 
maintained at rest in a stall. The greater 
part of the food is required merely as 
fuel to keep up the body temperature. 
For example, to maintain a horse at rest 
only one-third of the total energy of the 
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aon need be supplied in the form of 
net energy, the remainder being used 
solely to warm the body. 

Maintenance rations for livestock, 
except swine and poultry, may therefore 
consist largely of roughages, such as hay 
and straw, which furnish abundant heat, 
but which do not yield a large amount of 
net energy. Since the ration must fui- 
nish at least a minimum amount of net 
energy, animals cannot be maintained 
without loss of weight on such a feed as 
wheat straw alone, which furnishes no 
net energy to horses and but little to 
ruminants. 

236. Total digestible nutrients re- 
quired for maintenance. Numerous 
studies have been made of the amounts 
of total digestible nutrients or of energy 
required for the maintenance of farm 
animals. One method of conducting such 
experiments is to find the minimum 
amount of a suitable ration that will 
actually maintain the animal over long 
periods in a thrifty condition, without 
loss of weight. In such experiments care 
must be taken that the ration contains 
adequate supplies of protein, minerals, 
and vitamins. 

Unless such investigations are con- 
tinued for long periods, the results may 
not be accurate. The animal may not 
lose weight, even when there is some 
loss of protein or fat, because there may 
be a compensating increase in the water 
content of the body. However, when 
such experiments are conducted for 
many months and with a sufficiently 
large number of animals, they provide 
the most reliable data concerning the 
actual amounts of nutrients required lor 
proper maintenance. 

The most extensive of such studies 
are those of Hills and associates, who 
conducted investigations on the main- 
tenance requirements of dairy cows at 
the Vermont Station over a period of 13 
years. These studies showed that a ration 
having 6.48 lbs. of total digestible nu- 
trients was sufficient for the mainte- 
nance of a 1, 000-lb., dry, non-pregnant 
cow. It has been shown previously that 
a liberal ration is not digested and uti- 
lized quite so completely as a scanty 


ration. (101) For this reason a well-fed 
cow in milk undoubtedly needs more 
feed for mere maintenance than it she . 
were fed a scanty ration ' which would 
maintain her weight when dry. 

The available information concern- 
ing the maintenance .requirements of 
each of the classes of stock) is presented 
in the chapters of Part III) The jMorrison 
feeding standards, which .are given m ^ 
Appendix Table III, state the amounts of 
nutrients that in the opinion of the au- 
thor should be provided for maintaining 
various classes of farm animals, ine 
standards for maintaining dairy cows and 
for wintering beef breeding cows, brood 
mares, ewes, and brood sows, provide / 
not onlv enough nutrients for maintain- 
ino the mother, but also for the develop- 
ment of the bodies of the unborn young. 

( 288—292 ) 

It should be borne in mind that the 
amounts of nutrients recommended in 
these standards are not the theoretical 
minimum requirements, hut are allow- 
ances of nutrients that should be safe 
under varying practical conditions. In 
other words, the standards provide a rea- 
sonable margin of safety to cover the 
considerable variations in the require- 
ments of individual animals, m the com- 
position of feeds, and in other condi- 
tions. 

037 Basal metabolism; resting metab- 
olism!— Another method of studying the 
maintenance requirements for energy is to 
determine in a respiration apparatus or cal- 
orimeter the amount of heat produced by an 
animal when at rest, and when a sufficient 
time has elapsed since the last meal so that 
there is no longer an increased production 
of heat due to the digestion and assimilation 
of food. This is called the basal metabolism, 
or the fasting metabolism, of the animal. 
Such determinations cannot be made until 
considerable time has elapsed since food has 
been eaten, because the heat production of 
the body is greatly increased while food is 
beta* assimilated. Thus, in New Hampshire 
experiments drv cows produced 30 to 60 per 
cent more heat on a maintenance ration than 
on tlie second day of fast."' 

In determinations of the basal metabo- 
lism of humans, the experiments arc made 1- 
to 18 hours after the last meal. In the case 
of farm animals, especially ruminants and 
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horses, a. much longer period of fasting is re- 
quired to reach the same state. This is be- 
cause of the slow passage of feed through 
their digestive tracts. Therefore, what is 
termed the rq0ing metabolism is sometimes 
determined, thetexperiments being conducted 
12 hours after; the last meal This resting 
metabolisin m#y be considerably higher than 
the theoretic# basal metabolism. 

The basal metabolism does not repre- 
sent the total amount of nutrients or energy 
required for maintenance, but only the min- 
imum amount of energy expended by the 
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the amounts of feed required for main- 
taining animals of the same kind but of 
various live weights depended on their 
weights. It has been found, however, 
that maintenance requirements are gen- 
erally more nearly proportional to the 
amount of body surface than to the live 
weight. Thus, a cow weighing 1,600 lbs. 
does not require twice as much total di- 
gestible nutrients for maintenance as 
does one weighing 800 lbs. Similarly, 
the 800-lb. cow does not need anywhere 



One-half Their Feed Is Needed for Maintenance 

Even good dairy cows require for the mere maintenance of their bodies about one-half 
of the total feed they consume. Only the remainder can be used for milk production. 


animal when at rest and consuming no food. 
To this amount must be added the amount 
used in the heat increment. Also, the amount 
of energy expended in the normal motions 
of the animal must be added to the basal 
metabolism. 

From studies at the Missouri Station, 
Brody and associates have concluded that 
the maintenance requirements of mature ani- 
mals at air temperatures above the critical 
temperature are about twice the basal metab- 
olism. 17 At lower temperatures, as in the 
case of animals exposed to winter tempera- 
tures in the northern states, the maintenance 
requirements would be higher. 

238. Maintenance requirements not 
proportional to weight. — In the older 
feeding standards it was assumed that 


near eight times as much nutrients for 
maintenance as a sheep weighing 100 
] bs. 

This condition is due to two factors: 
First, the chief loss of heat from the 
body is by radiation and conduction from 
the body surface. Therefore the loss is 
proportional to the amount of surface. 
Large bodies have less surface per pound 
than do smaller ones. Thus, the 1, 600-lb. 
cow has much less body surface than 
two 800-lb. cows. Second, the weight of 
the most active tissues of the body (the 
internal organs, the glands, etc.) in ani- 
mals of different sizes is more nearly 
proportional to the surface of their bodies 
than to their live weights. 
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feeds and 

The amount of nutrients needed for 
the muscular work of holding the body 
upright and of moving about, presum- 
ably depends on the live weight. How- 
ever, animals of large size may be less 
active than smaller ones of the same 
kind. This would tend to offset the dif- 
ference due to weight. 

From studies at the Missouri Sta- 
tion, Brodv and associates concluded^ 
that the maintenance requirements for 
total digestible nutrients or energy of 
mature animals of various sizes are pro- 
portional to the 0.7 power of the live 
weight. 18 (The body surfaces of animals 
of various sizes are proportional to the 
0.66 power of their live weights.) Klei- 
ber of the California Station has reached 
similar conclusions. 19 

On the other hand, Gaines of the 
Illinois Station concluded from studies 
of the results of feeding experiments 
that the maintenance requirements of 
dairy cows were proportional directly to 

their live weights. 20 

The results of these various studies 
have been considered in the amounts of 
nutrients recommended for animals of 
various sizes in the Morrison feeding 
standards. The amounts of nutrients ad- 
vised for maintaining dairy cows of vari- 
ous weights are proportional to the 0.87 
power of the live weight. This factoi was 
chosen since rations computed on this 
basis seemed to agree best with the 
methods of feeding good dairy cows that 
have proven satisfactory in practice. 

239. Factors affecting maintenance 
requirements. — In feeding livestock it is 
important to bear in mind that any factor 
which decreases the digestibility or utili- 
zation of feed will increase the amount 
required for maintenance. Also, any con- 
dition that needlessly increases the oxi- 
dations in the body tissues will increase 
the maintenance requirements. Thus, a 
quiet animal needs less food for mainte- 
nance than a nervous, active one. This 
is one of the main reasons why a fatten- 
ing animal that "eats and lies down ’ 
makes the most economical gains. 

Exposure of animals to cold air 
temperatures increases the loss of heat 
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by radiation, especially if they have \ 

scanty coats. 21 If their coats are wet by ^ , 

cold rain or snow, still more heat is lost, 
for the cold water must be warmed and 
evaporated by heat produced through 
oxidation of food. With well-fed fatten- , 
mg animals, the greater loss of heat 
through these causes may' not produce 
any waste of food, because much more 
heat is being produced in the work of „ 
digesting the liberal ration than is oi- 
dinarily needed to warm the body. Gn 
the other hand, animals being ^carried 
through the winter on scanty rations have 
no such excess of heat, and therefore 
much feed may often be saved by pro- 
tecting them from cold winds and 

storms. , . 

As has been pointed out^ previously 
in this chapter, too high an air tempera- 
ture will increase the maintenance; re- 
quirements, (231) __ 

Young animals require considerably 
more feed to maintain them at constant 
weight than mature animals of the same 
size" or body weight. 22 This is due to a 
higher rate" of metabolism and at least 
partly to their greater activity. Males of 
dairy cattle and" swine have, higher main- 
tenance requirements than females per 
unit of weight, according to Missouri 
tests. 23 Castrated male cattle or sheep 
had about the same maintenance re- 
quirements as females. 

Horses have higher maintenance re- 
quirements than cattle of the same 
weight, 'because they are more active. 
Also, the requirements are much higher 
for Thoroughbred horses than for draft 
horses, because of the great difference 
in temperament. 24 

It has already been mentioned that 
with most animals more nutrients must 
be oxidized when an animal ^ is standing 
up than when lung down. With cattle 
and sheep, the 'increase averaged only 
about 9 per cent in Missouri tests. 23 
Horses used no more nutrients^ and in 
some cases even less when standing than 
when lying down. This is perhaps the 
reason why many horses prefer to sleep 
standing up. 

When an animal that has been more 
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liberally fed is first put on a maintenance 
ration, more feed may at first be required 
to maintain its weight than later. Ap- 
parently, after it has been on the scanty 
food supply for some time, it gets on a 
more economical basis and is able to di- 
gest and utilize its feed more efficiently. 
However, if an animal is unthrifty, be- 
cause of semi-starvation or illness, its 
.maintenance requirements will be higher 
f than normal. 

* An animal requires more feed to 
fiaintaffi its live weight after it is fat- 
tened than before. This is partly because 
it is heavier and has a larger body sur- 
face. Also, the fat condition itself may 
increase the maintenance requirements 
per unit of weight or body surface. 26 In 
very cold weather, however, a blanket of 
fat may reduce the maintenance need, 
by insulating the animal against the 
cold. 

240. Source of nutrients during starva- 
tion. — When an animal is given no food, the 
heat needed to warm the body, the net en- 
ergy required to carry on the vital processes, 
and the protein and mineral matter necessary 
for the repair dkthe active tissues must all 
come from naughts previously stored within 
the body. The 'Snail supply of glycogen in 
the liver and muscles is probably first used 
as fuel, but this is soon gone. Fat is the 
animal's chief reserve fuel, stored when food 
is abundant, against times of scarcity, and is 
therefore the main source of both heat and 
energy during starvation. 

When the supply of fat begins to fail, 
the muscles and other protein tissues are 
broken down more rapidly to furnish heat 
and energy, and the animal finally perishes 
through the impairment of its organs and the 
lack of body fuel to carry on the functions of 
life. Carnivora, or flesh-eating animals, with- 
stand hunger longer than herbivora. While 
dogs and cats have lived until their weights 
were decreased 33 to 40 per cent, horses and 
ruminants will die when their weight has 
been reduced 20 to 25 per cent. 

Men have survived fasts of 30 to 75 
days, and dogs have endured fasts of from 
90 to 117 days without permanent ill effects. 
The age of the animal influences the time at 
which death occurs from starvation, young 
animals losing weight more rapidly and dy- 
ing after a smaller loss of weight than old 


II. Requirements for 
Protein, Minerals, and Vitamins 

241. Protein requirements for 
maintenance. — The heat and energy re- 
quired to maintain the body can be fur- 
nished by feeding carbohydrates and fat. 
However, an abundant amount of these 
nutrients alone will not maintain an ani- 
mal, for there must be a supply of pro- 
tein to replace the daily break-down or 
wear of the protein tissues of the body. 
Likewise, there must be protein for the 
growth of the hair or wool and of the 
skin and hoofs, which are all composed 
chiefly of protein. 

Because protein-rich foods are gen- 
erally more expensive than those rich in 
carbohydrates, it is of much importance 
to know the minimum amount of protein 
needed to maintain animals in good 
health. Fortunately, the daily need of 
protein for mere body maintenance is 
relatively small. When ample amounts of 
carbohydrates and fats have been pro- 
vided, dry cows and steers have been 
maintained on only 0.5 to 0.6 lb. of di- 
gestible protein daily per 1,000 lbs. live 
weight, and in some instances on even a 
smaller allowance. 27 

The amounts of digestible protein 
advised in the Morrison feeding stand- 
ards for maintaining various classes of 
stock are based upon studies by the 
author of the results of feeding trials 
conducted by various experiment sta- 
tions. Slightly larger amounts of protein 
are recommended than are theoretically 
necessary for mere maintenance. For ex- 
ample, 0.60 to 0.65 lb. of digestible pro- 
tein is recommended for maintaining a 
1,000-lb. dairy cow. It is believed that 
these allowances of protein will safely 
cover the variations in the composition of 
feeds that have been discussed in Chap- 
ter IV. (95-100) Also, this maintenance 
allowance will provide the relatively 
small additional amounts of protein 
needed for the development of the un- 
born calf until the last few weeks of 
pregnancy, when an additional allowance 
is advised. 

In the opinion of the author it is 
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generally unwise to feed rations that 
supply decidedly less protein than rec- 
ommended in these feeding standards. 
As has been explained in a previous 
chapter, when stock are fed rations ex- 
ceedingly low in protein, the digestibility 
of the protein and other nutrients is 
often seriously decreased. ( 102 ) This 
causes a wastage of feed. In addition, a 
supply of protein somewhat above the 
minimum apparently promotes the 
health of animals. In well-fed animals 
there is a small but important reserve 
supply of protein in the blood and tis- 
sues. It is believed that animals with 
a good protein reserve are better able 
to resist infection, because the antibodies 
are produced from the serum protein of 
the blood. 

While we generally speak or the 
protein requirements of animals, un- 
doubtedly what the body really needs 
is not a "certain amount of protein, but 
definite amounts of the various essential 
amino acids. For maintenance, the food 
must therefore provide not only a certain 
amount of protein, but also the piotein 
must be of proper quality for the par- 
ticular class of animal 

The amounts of digestible protein 
advised in the Morrison feeding stand- 
ards are recommended on the assump- 
tion that reasonable care will be taken to 
provide protein of a quality that is satis- 
factory for the particular class of animal 
The quality or kind of proteins in vari- 
ous feeds and rations has been discussed 
in detail in Chapter V. 

Experiments indicate that the 
amounts of digestible protein required 
for the maintenance of animals of ■ the 
same 'kind but of various sizes are not 
strictly proportional to their live 
weights. 28 Instead, the protein needs are 
proportional to the 0.7 power of the live 
weight, the same as in the case of the 
requirements for total digestible nutri- 
ents. These experiments have been taken 
into consideration in the amounts of di- 
gestible protein advised in the Morrison 
feeding standards. 

242. Studying protein needs on a pro- 
tein-free ration. — Some studies on the pro- 


tein requirements of animals have been 
conducted by determining the amounts ot 
protein lost from the body on a ration con- 
taining no protein, but which supples an 
abundance of carbohydrates and fat. On 
such a ration, the amino acids needed tor 
maintenance must be secured by a gradual 
tearing down or wasting away of the protein 

tissues of the body. . .. 

From such experiments and from similar 
investigations of others, Mitchell and associ- £ 
ates have concluded that the 1,000-lb. ^ani- 
mal will lose about 0.175 lb. protein daily 
on a protein-free ration, and that twice this 
amount of digestible protein in the mod, or 
only 0.35 lb., is enough for maintenance.-® 
This purely theoretical conclusion is based 
on the assumption that the proteins in the 
usual maintenance ration can be used for the 
repair of body tissue with an efficiency ot 50 
per cent. However, the author believes this 
is an unsafe protein allowance for mainte- 
nance, because it has not been proved m 
long-time feeding experiments that animals 
can actually be maintained in good health 
on such a small amount. ,, , - 

Other experiments have been conducted 
in which all food has been withheld from 
animals for varying lengths of time. When 
an animal is given no food, the nitrogen ex- 
cretion ( representing the loss of protein hom 
the body) decreases rapidly at first, until the 
supply of amino acids in tile blood and tis- 
sues. ‘ which have not yet been built into 
body protein, is lowered to a minimum. 

‘ The nitrogen waste in the urine then 
slowly decreases until it reaches a level that 
remains quite constant so long as heat and 
energv are furnished by the body fat. \\hen 
the supply of the latter begins to tail the 
muscles and other protein tissues must there- 
after not only furnish protein for the repair 
of the vital body machinery, but they must 
also supply the 'necessary heat and energy. 
Consequently they waste more rapidly until 

death follows. , 

We might expect that when protein 
only is fed to a fasting animal, in an amount 
corresponding to the quantity lost daily dur- 
ing starvation, it would replace the protein 
wasted from the tissues, and the animal thus 
be brought to nitrogen equilibrium; that is, 
it would excrete as much, but no more, nitro- 
gen than was contained in the food. ^ How- 
ever, when practically pure protein is ted, 
the loss of nitrogen can be stopped only it 
the supply is far in excess of ^ the waste 
from the * starving body. This is . probably 
because the tissues are flooded with ammo 
adds, the product of protein digestion, and 
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the Wastage through deaminization is there- 
fore greatly increased. (51) 

When animals are fed exclusively on 
nitrogen-free nutrients, such as sugar, starch, 
or fat, me wasting away of the muscles and 
other protein tissues of the body is somewhat 
reduced*, though not entirely stopped. There- 
fore, animals forced to live on such a diet 
survive longer than those wholly deprived of 
food. Yet, because of the continuous small 
waste of protein from the tissues of the n body, 
■animals nourished solely on fats and carbo- 
hydrates cannot long survive. 

1 243, Mineral requirements for 

maintenance. — The necessity of an ade- 
quate supply of minerals in maintenance 
rations has been shown experimentally 
by giving animals sufficient food, but 
food from which the minerals have been 
removed as completely as possible. Even 
though the rations contain an abundance 
of protein, carbohydrates, and fat, the 
animals will die from mineral starvation, 
and generally the end will come sooner 
than if no food at all is given. The im- 
portance and functions of each of the 
necessary mineral nutrients have been 
discussed in (Jhapter VI, and further in- 
formation concerning the mineral re- 
quirements of taeh class of stock is given 
in the chapters of Part III. 

When an animal is merely being 
maintained, it is making no growth in 
skeleton or protein tissues, and it is 
yielding no product such as milk. There- 
fore the mineral requirements for main- 
tenance are relatively small, particularly 
in comparison with those for growth or 
for milk production. 

However, even when livestock are 
not being fed for production, common 
salt should ordinarily be supplied. Care 
must also be taken that the ration pro- 
vides the small amounts of calcium and 
phosphorus needed to replace the daily 
losses from the body. In most regions 
other necessary minerals are usually fur- 
nished in sufficient amounts by the or- 
dinary feeds. 

244. Vitamins required for mainte- 
nance.— Detailed information has been 
presented in the preceding chapter on 
the functions and importance of each 
of the vitamins. Specific recommenda- 
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tions concerning the vitamin require- 
ments of each class of stock are given 
in the respective chapters of Part III. 
Most of the vitamin investigations have 
been conducted to find the vitamin needs 
for growth, milk production, or egg pro- 
duction, and but little information has 
been secured on the maintenance re- 
quirements. It is known, however, that 
mature animals can be maintained in 
good health on decidedly smaller sup- 
plies of vitamins than are needed by 
growing animals or by mature animals 
that are producing milk or eggs. Never- 
theless, to make sure that there will be 
no injury from a lack of vitamins, one 
should see that even maintenance ra- 
tions provide an ample supply, espe- 
cially of vitamins A and D. 

245. Nutritive requirements in 
later life. — Very few experiments have 
been conducted, even with small labora- 
tory animals, to study the nutritive re- 
quirements in later life and the effect of 
the diet on the length of life. Practically 
no information on this subject has been 
secured with farm animals. The limited 
amount of data secured with small ani- 
mals indicates that the thrift and vitality 
of mature animals and their length of 
life can be definitely increased by sup- 
plying more than the bare minimum 
amounts of certain essential nutrients. 

In extensive experiments by Sher- 
man and associates at Columbia Univer- 
sity, groups of rats were fed throughout 
life upon a ration that supported normal 
growth and health, with successful re- 
production and rearing of young for gen- 
eration after generation. 30 Other groups 
were fed the same, except that the pro- 
portion of milk in the diet was increased. 
This supplied more than the minimum 
amounts of high-quality protein, of cal- 
cium, of vitamin A, and of riboflavin. 

The more liberal amount of milk not 
only increased the rate of growth and 
development, but also resulted in better 
adult vitality and appreciably extended 
the average length of adult life. These 
rats maintained the full vigor of the 
prime of life into the period when the 
other rats, fed merely a minimum diet, 
became definitely senile. Similar results 
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were secured by Orr and associates in 
experiments with rats in Scotland when 
additional milk and green food were 
added to a diet like that often consumed 
by man. 31 In further experiments by 
Sherman and associates it was found that 
the more liberal supply of calcium ac- 
counted for a large part of the improve- 
ment in the diet containing more milk. ^ 

Experiments by Henry and Kon in 
England and also by McCay and asso- 
ciates at Cornell University indicate that 
in later life animals are not able to use 
calcium as efficiently as when they are 
younger. 32 In the English experiments 
old rats steadily lost calcium from their 
bodies on a 'diet that had supplied 
enough of this mineral when they were 
younger. It was necessary to greatly in- 
crease the calcium content of the diet 
to get these old rats back into calcium 
balance. The results were similar in the 
New York experiments, except that in 
the case of old dogs it was impossible 
to keep them from losing some calcium 
from the body, even on a calcium-rich 
diet. 

In other studies by McCay and as- 
sociates on the nutritive requirements of 
rats during the latter half of life, it was 
found that a factor of great importance 
in determining the length of life was the 
degree of fatness. Rats that were not al- 
lowed to become fat outlived those that 
became fat. 33 Exercise was of minor im- 
portance, except as exercise reduced the 
tendency to lay on fat. A reasonable ex- 
cess of protein over the minimum was 
not harmful, but too high an intake was 
less favorable. 

III. Additional Requirements 

246. Air requirements; ventilation 
of stables.— While animals can go with- 
out food for considerable periods, com- 
plete lack of air brings sudden death, 
since a continuous supply of oxygen is 
required for all vital processes. There is 
no lack of oxygen in the air of any or- 
dinary stable, even if it is not especially 
ventilated. However, for other reasons 
an efficient ventilation system should be 
provided in closed stables. Proper ven- 
tilation consists of maintaining a com- 


fortable stable temperature and a rela- 
tively low humidity of the air without 
drafts. 34 

We have all experienced the ill 
effects of poorly-ventilated *Yooms, 
These effects include depression, drowsi- 
ness, headache, and a reduced ability to 
do mental or physical work. It was for- 
merly believed that the bad effects of a 
lack of ventilation were due to a lack of ^ 
oxygen or to an accumulation of carbon 
dioxide, and also to a poisonous or in- 
jurious substance in the air breathed out 
by animals. Experiments have proved 
that these beliefs were untrue. Enough 
air enters any ordinary stable or room 
through crevices, etc., to prevent a lack 
of oxygen or an injury from too much 
carbon dioxide in the' stable air. How- 
ever, there are other reasons for provid- 
ing an efficient ventilating system in 
stables. 

A good ventilating system will make 
the animals more comfortable, for it will 
prevent the air in the stable becoming 
too humid, or high in moisture, due to 
the water vapor in the air exhaled. Also, 
in warm weather a ventjlating system 
will aid in keeping the* temperature of 
the stable comfortable, because of the 
circulation of air. Proper ventilation will 
also get rid of foul odors. 

247. Other benefits of ventilation. 

One of the most important benefits 

from proper ventilation of a stable, along 
with suitable insulation of the walls, is 
that it prevents the condensation of 
moisture in cold weather. In a stable 
without a ventilating system, water will 
often condense on the walls and windows 
to such an extent that serious rotting of 
the timber results. Moreover, so much 
water may condense in the hay mows 
as to cause spoilage of the hay. The 
coats of the animals may also become 
damp, causing discomfort or even dis- 
ease. Because good ventilation keeps the 
stable much drier than otherwise, it 
helps prevent bacterial growth. There is 
thus apt to be more trouble from disease 
when a stable is poorly ventilated. 

248. Water. — An abundant supply 
of water is needed for all the vital proc- 
esses of the body, such as the digestion 
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and absorption of food nutrients and the 
removal of waste from the body. As 
shown previously in this chapter, water is 
also exceedingly important in regulating 
the body temperature. 

Farm animals should have all the 
water they care to drink, for they do not 
take an excessive amount unless they are 
> given salt irregularly or are forced to 
live on very watery foods. When water is 
not provided so that stock can drink 
whenever they are thirsty, they should 
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However, when animals are watered 
only once a day, they then drink a large 
amount. In winter, if the water is cold, 
this makes a sudden demand for such a 
large amount of heat that food may be 
burned simply to warm the water, even 
though at other times there may be an 
excess of heat in the body. For this rea- 
son, feed may be saved by allowing ani- 
mals exposed to cold and those fed 
’scanty rations, to have frequent access to 
water, or else by warming the water. The 



Farm Animals Should Have Plenty of Water 

All classes of stock should have ail the water they will drink. Horses doing hard work 
in summer need an especially liberal supply, and they are benefited by watering them at 
reasonably frequent intervals. 


be watered at regular intervals. In order 
to avoid disease, the water should be of 
safe quality. Also, if the water is not 
palatable, animals may not drink enough 
for the best results. 

Animals must bring up to the body 
temperature all the water that they 
drink, thus using up heat. This does not 
mean that food is always wasted when 
cold water is warmed within the body. 
Animals may have an excess of heat 
which has been unavoidably produced 
in the work of digesting their food and 
converting the nutrients into body prod- 
ucts or work. 


chief advantage from heating stock- 
watering tanks in winter in cold climates 
is that it keeps them free of ice so the 
stock can get all the water they want at 
any time. 35 

Under normal conditions animals 
consume a fairly uniform quantity of 
water for each pound of dry matter 
eaten. If some of the feed is succulent, 
such as silage, roots, or green forage, the 
amount of water that is drunk will be 
correspondingly reduced. 

When entirely oxidized in the body, 
100 lbs. of carbohydrates will yield 
55.5 lbs. of water and 163 lbs. of car- 
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bon dioxide, and fats over twice as much 
water. The nitrogenous compounds yield 
a little less, because they are not entirely 
oxidized in the body. This shows that 
the animal gets some water from the 
dry matter of the food. 

The water requirements of each 
class of stock are discussed in detail in 
Part III. 

249. Saline and alkaline water. — , 
In the drier districts water sometimes 
contains so much soluble mineral salts 
that it is unsuitable for stock. It was 
found in studies by the Oklahoma Sta- 
tion that the limit of tolerance depended 
on the kind of animal, the age, and the 
season of the year. 36 It made little dif- 
ference whether the total quantity of dis- 
solved salts was made up of a single salt 
or a number of salts. 

It was concluded that 1.5 per cent 
of total salts in the water was about the 
safe upper limit for satisfactory mainte- 
nance. For lactating animals the limit 
was lower. Sheep were able to exist when 
the water contained 2.0 per cent or more 
of minerals. From Colorado studies it 
was concluded that even considerably 
lower percentages of salts in water re- 
tarded the gains of fattening animals. 37 

Animals seem to become accus- 
tomed to drinking water that is unsatis- 
factory at first. If good water is readily 
accessible, they never drink water hav- 
ing a harmful amount of minerals. 

250. Softened water. — Claims were 
recently made that dairy cows produced 
more milk when supplied with water 
softened by means of a commei cLil 
water softener, than when they had hard 
water. However, in experiments at three 
experiment stations softening hard water 
for dairy cows did not result in any in- 
crease in milk production or have any 
favorable effect on the cows. 38 

251. Urinary calculi. — Sometimes 
male cattle and sheep, especially fatten- 
ing animals, are seriously affected bv 
the formation of urinary calculi in the 
bladder or kidneys. These not only cause 
great pain but may cause death through 
blocking the flow of urine, even result- 
ing in the rupture of the bladder. The 
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calculi are usually composed largely of 
mineral matter, especially phosphates or 
in some cases silicates. Horses 01 swine 
are rarely troubled with urinary calculi. 

Several experiments have been con- 
ducted in an endeavor to find the cause 
of calculi and ways of preventing their 
occurrence. 39 However, the definite in- 
formation on the subject is still very,, 
limited, because the results of the studies 
have been conflicting. • 

252. Possible causes of urinary cal- 
culi. — The trouble from calculi may be 
increased if animals consume an exces- C“ 
sive amount of minerals. This may result 
either from mixing an undue amount of 
minerals in the concentrates, or from 
supplying a mineral mixture flavored 

with molasses. . 

The results have differed widely m 
trials in which the relationship of phos- 
phorus to urinary calculi has been stud- 
ied. In some experiments a low amount 
of calcium and a large amount of phos- i 
phorus has seemed to be a cause of eal- j 

culi, and the addition of calcium carbo- I 

nate has been beneficial In certain tests 
the feeding of considerable wheat bran 
or wheat middlings, both very high in 
phosphorus, to fattening steers or lambs 
has apparently increased the trouble. 
However, in other experiments the addi- 
tion of bone meal to a fattening lation 
has seemed to reduce the cases of cal- 
culi. . . 

Insufficient water to drink may 
cause the trouble, as the ui in© is then 
more concentrated, and solids are more 
apt to separate out. Therefore, it is im- 
portant that the animals have access to 
a convenient supply of good water. It 
is surprising that in one trial ■ the i ams 
in a lot that drank the most water had 
the most trouble from calculi. Salt should 
always be available to the animals. 

There seems to be more trouble 
from calculi when sweet sorghum for- 
age (either silage or dry fodder) is fed 
than on other rations, and also when the 
grain is grain sorghum, instead of corn. 

In certain trials sugar beet tops' or beet 
top silage has increased calculi. (643) 
Feeding enough alfalfa hay in addition 
to sorghum forage or beet tops, has 
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seemed to reduce the trouble. A possible 
^ reason why sweet sorghum forage may 
increase cases of calculi is that it is 
high in silicates. 

Rations seriously deficient in vita- 
min A apparently tend to produce cal- 
culi, although opinions differ as to 
whether a lack of vitamin A is a common 
Jkcause of. the trouble. The formation of 
iff calculi seems tb be prevented by * good- 
quality alfalfa* hay and especially by the 
combination of alfalfa hay and yellow 
Horn, both of which supply vitamin A 
value. 

4 253. Feeding concentrates alone to 

stock. — It would ordinarily be very un- 
economical to feed cattle, sheep, or 
horses on nothing but grain and other 
concentrates, because concentrates are 
usually much more expensive than rough- 
ages. Still more important is the fact 
that good roughages, such as pasturage, 
well-cured hay, and silage, are exceed- 
ingly important as sources of vitamins 
and minerals. 

As a matter of scientific interest, 
numerous experiments have been con- 
ducted to finc^ whether various farm ani- 
mals can live on concentrates alone. 40 
When cattle or sheep are feci concen- 
trates alone, without any roughage, rumi- 
nation usually ceases or is greatly de- 
creased. 

Except for a tendency to bloat, 
cattle and sheep may get along fairly 
well on concentrates alone for several 
months, if care is taken to provide suffi- 
cient amounts of minerals and of vitamin 
A and vitamin D. However, when such 
a ration is long continued, nutritive defi- 
ciencies usually develop, probably caused 
by a lack of dietary essentials that have 
not yet been discovered. 

Many attempts have been made to 
raise calves on milk alone or on milk 
and concentrates. 41 The earlier tests usu- 
ally soon ended in failure, for they were 
conducted before the importance of min- 
erals and vitamins was well understood. 
Later trials have been successful over a 
longer period, when great care has been 
taken to add mineral and vitamin sup- 
plements to the ration. Even in these, the 
animals have finally developed severe 


nutritive deficiencies, resulting in death. 

Pigs have been raised with fair suc- 
cess on whole milk plus minerals, with- 
out grain or roughage. Under practical 
conditions it is exceedingly important to 
furnish swine with well-cured legume 
hay whenever they are not on pasture. 
This helps to provide their vitamin needs, 
as well as supplying calcium and pro- 
tein. 

An attempt to feed horses on oats 
alone ended in failure, for in a few days 
they refused the oats and drank but little 
water. 42 

254. Succulent feeds. — Scientific ex- 
periments and common farm experience 
have abundantly demonstrated the value 
of adding succulent feeds to the rations 
of livestock. Just as our own appetites 
are stimulated by fruits and vegetables, 
succulent feeds are relishes for farm 
animals, inducing them to eat more feed 
and convert it economically into useful 
products. The beneficial laxative effect 
of silage and other succulent feeds aids 
in keeping stock healthy. Also, succulent 
feeds may stimulate digestion, because of 
their palatability. 

It is shown in later chapters that 
when silage is added to a satisfactory 
winter ration made up of dry feeds for 
the feeding of dairy cows or fattening 
cattle or sheep, generally the production 
will be very appreciably increased. The 
increase in milk yield or in rate of gain 
will be large, unless the dry roughage is 
of very excellent quality. On the other 
hand, if the stock are fed an abundance 
of high-quality legume hay or even 
mixed hay, there may be but little im- 
provement through adding silage or any 
other succulent feed. The decision as to 
whether or not to feed silage under such 
conditions should be reached after con- 
sidering the various factors discussed in 
Chapter XV. 

255. Exercise. — Exercise is essen- 
tial to maintain health. The only excep- 
tions to this rule are fattening animals, 
soon to be marketed, which make more 
rapid gains if not allowed to move about 
too freely. Abundant exercise is of espe- 
cial importance with breeding animals. 
The exercise requirements of the various 

jj&LWfr'* ■ ■ 
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farm animals are discussed in the respec- 
live chapters of Part III. 

256. Sunlight. — Opinions differ con- 
cerning the importance of sunlight in 
stables for livestock. Adequate windows 
seem highly desirable to the author, as 
well-lighted stables are probably more 
sanitary in most cases than those that 
are poorly lighted. Not only may sun- 
light have a germicidal effect, but also, 
caretakers are more apt to keep a well- 
lighted stable clean. 

Sunlight which has not passed 
through window glass produces vitamin 
D in "the body, as has been pointed out 
previously. (201) 

QUESTIONS 

1. Define a maintenance ration. Name 7 es- 

sentials for the maintenance of an ani- 
mal. . 

2. Describe the production of heat in the 

body and state how it differs from the 
burning of fuel in a stove. 

3. Describe three ways in which the loss of 

heat from the body is regulated. 

4. Explain what is meant by the critical 

temperature. 

5. Why are warm quarters not needed in 

winter for well-fed dairy cows or fat- 
tening stock? 

6. What is the effect of very hot weather on 

stock? 

7. How can farm animals be made more 

comfortable in very hot weather? 

8. What is the relative heat tolerance of: 

(a) European breeds of cattle; (b) 
Zebu cattle; (c) horses and mules; 
(d) swine? 

9. In maintaining a mature animal, tor 

what purpose is most of the feed 
needed? 

10. How can the amount of total digestible 
nutrients be determined that is re- 
quired to maintain a mature animal? 

1L What is the relationship between the 
amounts of total digestible nutrients 
required for maintenance by animals 
of various live weights? 

12. How do the following affect the amount 

of feed an animal requires for main- 
tenance: (a) Restlessness; (b) a fat 
condition of the animal; (c) exposure 
to cold weather? 

13. Discuss the protein requirements for the 

maintenance of mature animals. 

14. What 3 mineral nutrients should be es- 


pecially considered in maintenance ra- 
tions? 

15. Compare the vitamin requirements tor 

maintenance with those for growing 
animals or for those producing milk. 

16. What is known about the nutritive needs 

in later life? 

17. Why is a good system of ventilation adr 

visable in closed stables? Jol 

18. Discuss the water requirements of firilpp 

animals. S'jr 

19. How can trouble from urinary calculi be, 

lessened? » % 

20. What nutritive deficiencies are encoun- 

tered when calves are raised on noth- 
ing but milk and concentrates? 

21. Discuss the importance of: (a) Succu- 

lent feeds; (b) exercise; (c) sunlight. 
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I. Growth 

257. Importance of thrifty growth.* 
— Growth is one of the most important 
forms of livestock production. While the 
maximum productive possibilities of any 
animal depend on its inherited charac- 
teristics, its full capacity cannot be 
reached unless it is properly fed during 
the growing period. 

Growth is the foundation of meat 
production in all classes of stock. Young 
cattle, sheep, and swine will not make 
economical gains while being fattened, 
unless they have been raised so that they 
are thrifty and vigorous. Likewise, one 
cannot expect good yields of milk from 
dairy cows, unless they have been well 
developed as heifers. 

Similarly, brood mares, beef cows, 
and ewes may have their productive abil- 
ity seriously reduced if they have been 
raised improperly. Work horses and 
mules cannot perform the maximum 
amount of labor if their growth has been 
stunted or if their skeletons have been 
injured by inadequate rations during 
the growth period. 

258. Requirements for growth. — 
The nutritive requirements for growth 
are very different from those for mere 
maintenance. Not only are far greater 
amounts of certain nutrients required, 
but also a young, growing animal suffers 
sooner and much more seriously from 
nutritive deficiencies than does a mature 
animal. 

In comparison with mature animals 
that are merely being maintained at con- 
stant weight, growing animals need: (I) 
Decidedly more protein and protein of 
better quality; (2) much more total di- 
gestible nutrients; (8) a more liberal 
supply of minerals, especially calcium 
and phosphorus; and (4) larger amounts 
of vitamins. 


Each of these needs is ; discussed in ** 
the following articles, and detailed in-^. v 
formation is given in Part III concerning A 
the requirements of each kind of young 
stock. Many different rations are sugr 
gested there and in Appendix Table VII 
which will produce good growth and de- 
velopment. The nutritive requirements 
for growth of each kind of the larger 
farm animals are stated in the Morrison 
feeding standards. (Appendix Table 
III.) The requirements of poultry are 
given in Chapter XXXVI. 

259. Protein requirements. — Since 
growth consists largely of an increase in 
the size of the muscles and other pro- 
tein tissues, it is obvious that far more 
protein is needed for growth than for 
maintenance. Also, the quality or kind 
of protein is more important for grow- 
ing animals than for those that are 
merely being maintained. (Ill) If there 
is an inadequate supply of any of the 
essential amino acids, an animal will be 
unable to make normal growth, even 
though the amount of digestible protein 
is plentiful. As has been emphasized in 
Chapter V, after the rumen has become 
well developed in ruminants, the quality 
of protein in the ration is of far less im- 
portance for them than for poultry or 
pigs. 

Very young animals require the 
largest proportion of protein in their ra- 
tions, because of the extremely rapid 
growth of protein tissues in their bodies. 

The proportion of protein that is needed 
gradually decreases as the animals be- 
come older and store less protein and 
more fat 

The amounts of digestible protein 
recommended in the Morrison feeding 
standards are based on the results of ac- 
tual feeding experiments with the vari- 
ous kinds of young animals. Since the 
amounts of protein in individual lots of 
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the same kind of feed vary considerably, 
safe allowances for such variations have 
been included in the recommendations. 
In the standards it is assumed that pro- 
tein of satisfactory quality will be fur- 
nished in the ration. 

Recent experiments, reviewed in 
Chapter XXXIV* have shown that when 
? a ration for growing pigs supplies ample 
amounts of‘V vitamin B 12 and the, other 
essential vitamins, somewhat less pro- 


amounts of digestible protein are computed, 
which, it is believed, should produce normal 
growth. 

Based upon this method, Mitchell and 
associates of the Illinois Station have recom- 
mended amounts of protein for growing ani- 
mals which are much lower than are com- 
monly fed. 1 This seems to be an unsafe 
method of estimating requirements. In New 
York experiments with fattening lambs and 
with growing dairy heifers, much more pro- 
tein was actually needed for satisfactory re- 



Legume Forage Is Unexcelled for Growing Stock 

Shorthorn cattle on clover pasture. An abundance of good legume forage is excellent 
insurance against any deficiency of protein, of calcium, or of vitamins for cdves, lambs, or 
foals. 


tein is needed for excellent gains than 
was previously thought to be necessary. 
It thus seems that the benefit from the 
former more liberal allowance of protein 
was due to the vitamins supplied, es- 
pecially by protein supplements of ani- 
mal origin, and not to the larger amount 
of protein. 

260. Factorial method of estimating 
requirements. — A method sometimes used in 
studying the protein requirements for growth 
is to determine the amounts of protein stored 
daily in the bodies of growing animals. From 
what limited data are available, it is then 
estimated that the animals should utilize the 
digestible protein in their feed with a cer- 
tain percentage of efficiency. On this basis, 


suits than had been recommended from the 
use of this method. 2 

. >. .,J*\ .. . . ■ . : ■ / 

261. Total digestible nutrients or 
net energy. — For normal growth the ra- 
tion must supply much more total di- 
gestible nutrients or net energy than 
needed for mere maintenance. This is 
because an animal can use for growth 
only the amounts of nutrients left after 
its maintenance needs have been met. 
Young animals therefore need more lib- 
eral rations than for maintenance, and 
also generally rations that are more con- 
centrated. 

It has been pointed out in the pre- 
vious chapter that mature cattle, sheep, 
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and horses can be maintained largely or 
entirely on roughage, even that which 
is rather inferior. On the other hand, 
very young calves, lambs, and foals can- 
not make good growth on roughage 
alone, even if it is of high quality. If a 
young animal does not receive sufficient 
total digestible nutrients or net energy, 
its rate of growth will be slow and it 
may be permanently stunted in size if 
the underfeeding is continued too long/ 

262. Stunting of young female ani- 
mals. — Under practical conditions young 
female animals are apt to be stunted in 
size unless they receive sufficient feed 
to make normal growth up to the time 
they bear their first young. If they are 
undersized at this time, they will usually 
get no opportunity to make up for the 
lost growth. In milk production there 
are heavy demands on their bodies for 
nutrients," and these demands take prece- 
dence over any use of nutrients for con- 
tinued growth* of the mother. Because of 
repeated reproductions and lactations, 
the animals are unable to complete their 
growth, and they therefore never reach 
normal size. 

This is especially apt to occur with 
dairy heifers that have not made normal 
development by the time of first fresh- 
ening, Because of the large amount of 
milk a good heifer produces, she will not 
be able to make much growth while in 
milk, unless she is fed with considerable 
liberality. In many a herd the cows are 
under-sized and *!ack high productive 
capacity, largely because the owner has 
fed his heifers too scantily. 

263. Mineral requirements. — The 
great importance for growing animals of 
an ample supply of minerals, especially 
calcium and phosphorus, has been shown 
in Chapter VI. A lack of minerals may 
be even more serious to a young animal 
than a lack of protein or a lack of total 
digestible nutrients. Thus, a deficiency 
of” calcium or phosphorus may perma- 
nently cripple or deform the animal. 
Also, the bones may be so fragile that 
they will readily break in later life. 
Wherever there is a possibility that the 
rations for young stock may be lacking 


in either of these minerals, a mineral 
supplement should be supplied, as has 
been previously advised. 

There is a heavy drain on the store 
of calcium and phosphorus in the body 
during high milk production. It is there- 
fore important to feed dairy heifers and 
other female breeding animals so that 
they will start their first lactation with^ 
a good store of these minerals. r 

For calves, lambs, and foals the 
best insurance against a lack of calcium 
is to feed sufficient legume hay through- 
out winter and to provide good pasture 
during the growing season. Well-cured 
legume hay not only has an abundance 
of calcium, but also sun-cured hay is 
the best source among common feeds 
of vitamin D, which animals must have 
in order to utilize the calcium and phos- 
phorus in their rations. 

Whenever there is any possibility 
that the rations for young stock may be 
lacking in phosphorus, a safe phosphorus 
supplement should be added, as advised 
in Chapter VI and also in Part III, where 
recommendations are made for each class 
of stock. 

In the case of suckling pigs not on 
pasture, there may be disaster from 
anemia caused by lack of iron and cop- 
per, unless the precautions are taken 
which are recommended in Chapter 
XXXIV. In districts where there is a 
definite deficiency of iodine, it is wise 
to supply this mineral in the form of 
iodized salt, or by other means. In cer- 
tain areas it is necessary to furnish cer- 
tain trace minerals, as explained in Chap- 
ter VI. 

264. Vitamin requirements. — -In the 
discussions of the vitamins in Chapter 
VII, it has been emphasized that it is just 
as necessary that growing animals re- 
ceive an adequate supply of vitamins as 
that they get ample protein and minerals. 

Suckling animals will receive plenty 
of vitamin A in the milk if their mothers 
are fed suitable rations. On the other 
hand, if the mothers have been fed ra- 
tions lacking vitamin A value, the milk 
may be so low in the vitamin that the 
young will, suffer severely. 
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When young animals are weaned, 
care must be taken that sufficient vita- 
min A value is furnished by feeds rich 
in carotene, such as well-cured hay, si- 
lage, good pasture or other green reed, 
or by yellow corn. In the case of calves 
changed from whole milk to skimmilk 
or milk substitutes at an early age, it is 
^especially important that they be fur- 
bished with choice, green-colored hay 
as soon as they will eat it, to provide 
body vitamin A and vitamin D. 

' " Young stock on pasture will ordi- 
narily not suffer from a lack of vitamin 
D because of the effect of the ultra- 
violet rays in sunlight. Under winter 
conditions, however, young pigs are often 
severely crippled or even paralyzed by 
rickets, caused by a lack of this vitamin. 
Also dairy calves and foals sometimes 
suffer from rickets. These conditions can 
usually be entirely prevented by the use 
of good-quality, field-cured legume hay, 
as described in the chapters of Part III. 
Beef calves and lambs rarely have rick- 
ets, because they are outdoors in the sun- 
light more, even in winter. 

It is shown in Chapter VII and m 
the swine and poultry chapters that 
some rations for poultry and also for pigs 
not on pasture are improved decidedly 
bv the addition of certain B-complex 
vitamins, especially vitamin B rr Poultry 
have especially high requirements tor 
riboflavin, and therefore a riboflavin sup- 
plement is commonly needed, unless 
the birds are on excellent pasture. 

Information is given in Part III con- 
cerning the vitamin requirements of the 
various kinds of young stock. The 
amounts of carotene required, except tor 
poultry, are shown in the feeding stand- 
ards in Appendix Table III, and the ! vita- 
min requirements of poultry are stated 
in Chapter XXXVI. 

265. Utilization of food by young 
animals.— It is well known that young 
animals make decidedly more rapid 
gains, considering their size, than d 
older animals, even when the latter are 
fed liberal fattening rations. For ex- 
ample, a month-old caiffedliberaflyon 
milk will gain about 1 lb. a day per 100 


lbs. live weight, while a daily gain of 
0.3 lb. per 100 lbs. of weight is large for 
a 2-year-old fattening steer. 

Young animals can build into their 
protein tissues and skeleton a large part 
of the protein and mineral matter in 
their rations. Up to a month of age calves 
may store 70 per cent or more of the 
protein, calcium, and phosphorus con- 
tained in the milk they consume. As they 
grow older, the percentages of these nu- 
trients which are stored decrease. Thus, 
2-year-old fattening steers will store 
only about 13 per cent of the total pro- 
tein in their ration. After growth is com- 
pleted, but little storage of protein or 
mineral matter can take place, for the 
skeleton, the muscles, and the internal 
organs have reached full development. 

Numerous feeding experiments, 
which are reviewed in Part III, have 
shown that young animals require con- 
siderably less feed per 100 lbs. of gain 
in body weight and therefore make much 
cheaper gains than animals which are 
older. For example, growing and fatten- 
ing pigs require for each pound of gain 
in live weight about one-third more 
feed between the weights of 200 and 
250 lbs. than they do between the 
weights of 50 and 100 lbs. Similarly, the 
feed cost per pound of gain in weight is 
about one-third greater in fattening 
2-year-old cattle for market than in fat 

tening calves. . , 

There are the following reasons tor 
the more rapid gains and the more eco- 
nomical meat production of young ani- 
mals: . 

(1) Their gains are more watery 

than those of older animals, and also 
contain more protein and less fat, which 
has a decidedly higher energy va ue than 
protein. More net energy is therefore 
required to make a pound of gain on a 
mature fattening animal than on one 
which is young and growing. 

(2) The food eaten by young ani- 
mals is ordinarily lower in fiber, and 
hence more digestible and higher in net 
energy, than that eaten by older animals. 

L (3) Since young animals eat more 

I feed in proportion to live weight, they 


172 


FEEDS AND FEEDING 


have left for building into body tissues 
a much larger part of their feed, after 
their maintenance requirements have 
been met. 

These factors account fully for the 
cheaper gains of young animals. Con- 
trary to common popular opinion, there 
is no evidence that a young animal makes 
any better utilization of the net energy 
supplied in the feed than an older one, 
after the maintenance requirements are 
deducted. 


gains during the following pasture sea- 
son. 

The rate of growth and the effi- 
ciency with which the nutrients are uti- 
lized depend not only on the adequacy 
of the ration, but also on the inherited 
growth capacity of the animal. By skill- 
ful breeding, much improvement can be 
made in the efficiency with which farm f 
animals transform food into body tissue. i 
An excellent illustration of such possi- 
bilities is the improvement of swing- |n 



Liberal Feeding Is Necessary for Rapid Growth 


In addition to their mothers’ milk, these early-spring lambs are being supplied with a 
mixture of grain and other concentrates in a lamb creep, so they will make rapid growth. 
(From J. P. Wilhnan, Cornell University.) 


266. Importance of utilizing growth 
capacity. — Young animals should always 
be provided with ample protein, miner- 
als, and vitamins, so as to utilize their 
great growth capacity in making effi- 
cient gains. Except in some types of beef 
production, it is generally most profitable 
to supply young animals continuously 
with sufficient total digestible nutrients 
to keep them growing normally. Under 
range conditions, as is shown in Chapter 
XXIX, it may be most economical to 
winter beef calves or yearlings on only 
enough feed to keep them thrifty, with- 
out making rapid gains. (284) This is 
because they then may make very cheap 


Denmark, which is mentioned in Chap- 
ter XXXIV. Through careful selection of 
breeding stock, based on feeding and 
slaughter tests of the progeny, the 
amount of feed required per 100 lbs. 
gain has been materially reduced and 
the quality of the carcasses also decid- 
edly improved. 

267. Storage of protein in mature ani- 
mals.— -After an animal reaches mature size. , 
very little storage of protein can occur, since 
the muscles and other protein tissues are 
fully developed. If an animal is healthy but 
has poor muscular development, the size of 
the muscles can be increased somewhat by 
suitable exercise and food. Also, an animal 
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whose muscles have wasted away through 
sickness or starvation will rapidly repair its 
tissues upon a return to favorable conditions, 
thereby storing protein. In addition, if an 
animal which has been on a low-protein ra- 
tion fis later fed ample protein, a small 
amount of protein can be stored through in- 
creasing the protein reserve in the blood and 
tissues. (241) 

L A small- amount of protein is stored in 

|gthe continual growth of such external protein 
parts as hair, wool, feathers, and hoofs. In 
the case of a mature animal that is being fat- 
tened, a small amount of protein is stored in 
the fatty* tissues. 

268. Rates of growth. — The differ- 
ent kinds of farm animals have rates of 
grotyth 4 which are characteristic for the 
speciesu Also, the various breeds of the 
same species differ to some extent in 
mature size that is reached and in the 
earliness of maturity. Data showing the 
normal weights and heights of young 
stock at various ages, such as are pre- 
sented in Chapter XXVII for dairy cat- 
tle and in Chapter XXXIII for horses, 
serve as convenient guides in determin- 
ing whether stock have made normal 
growth. 

Studies by Brody and associates at 
the Missouri Station, as well as investiga- 
tions by others, have shown that the rate 
of growth by farm animals generally in- 
creases up to the age of puberty, or 
sexual development. 3 After this, the rate 
gradually decreases as maturity is ap- 
proached. 

These studies also show that in pro- 
portion to their mature size and the 
length of time taken to reach it, the rates 
of growth of most species of animals 
have great similarity. However, the rate 
of growth in man differs in a striking 
manner from the rates for farm animals, 
humans having a much longer juvenile 
period in proportion to their average 
length of life. 

The various parts of the body de- 
velop at unequal rates. The skeleton and 
head make more rapid early growth than 
the muscles, and fattening is most rapid 
at later stages. 4 By greater or less liber- 
ality of feeding at various ages it may 
therefore be possible to change the form 


and composition of the body somewhat. 
(283) 

The rate of growth and the size of 
the body are controlled by a hormone 
produced by the pituitary gland. (54) 
If an insufficient amount of the hor- 
mone is secreted, the animal will be 
dwarfed. On the other hand, an exces- 
sive secretion of the hormone results in 
a giant animal that is weak physically. 

The development of the body may 
also be affected by the amount of thy- 
roxine, the hormone produced by the 
thyroid gland, which controls the rate 
of metabolism in the body. Growth is 
checked and an animal becomes fatter 
than usual if normal secretion of thy- 
roxine is prevented by certain drugs. 
The effect of thiouracil, such a drug, 
upon pigs is discussed in Chapter 
XXXIV. 

269. Milk the natural food for 
young mammals. — Milk is practically in- 
dispensable for young mammals during 
the earliest stages of growth, and it is 
unexcelled as a food during the entire 
suckling period. Whole milk, containing 
the fat, has the following nutritive vir- 
tues: 

( 1 ) It is easily digested and assimi- 
lated and has a very high nutritive value 
per pound of dry matter; (2) it has an 
abundance of high-quality protein; (3) 
it is rich in calcium and phosphorus; 
(4) it provides plenty of energy in the 
fat and milk sugar; (5) it is high in vita- 
min A value, if produced by animals fed 
good rations; (6) it is rich in riboflavin 
and is a good source of niacin, vitamin 
B 12 and other B-complex vitamins; (7) 
the milk sugar tends to increase the as- 
similation of calcium and phosphorus 
and to prevent putrefaction in the diges- 
tive tract. 

As has been shown in Chapter VIII, 
milk is not a perfect food for exclusive 
feeding to animals over long periods. It 
has but little iron; the content of vita- 
min D is rather low; and it is not rich 
in ascorbic acid. In livestock feeding the 
lack of iron is important only in the 
case of young pigs not on pasture, as 
explained previously. The relatively low 
content of vitamin D can readily be 
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made good by allowing the young ani- 
mals access to sunlight, or by including 
in the ration well-cured legume hay or 
some other source of vitamin D. The 
fact that milk has but little ascorbic acid 
is not of importance in feeding farm ani- 
mals. 

A very young animal has only a lim- 
ited ability to digest and assimilate fat. 
If it is fed milk containing a much 
greater percentage of fat than is normal 
for that species, serious digestive dis- 
turbances may result. Since human milk 


to supply antibodies to protect the New- 
born animal against certain diseases, 
especially of the digestive system. Be- 
cause of this, calves, lambs, foals, or pigs 
that do not secure colostrum are apt to 
die from the lack of it. 

Colostrum is very rich in protein, 
cow's colostrum having as much as 17 
per cent. A large part of the protein con^ 
sists of globulins, which are present onlyy 
in traces in ordinary milk. The anti- 
bodies, which are so important for the 
new-born animal, accompany these glob- 



Milk Is the Natural Food for Young Mammals 

A study of the composition of milk shows that young animals should have rations which 
provide: (I) A liberal amount of easily-digested nutrients; (2) an abundance of protein of 
high quality; (3) plenty of minerals, especially calcium and phosphorus; and (4) an adequate 
supply of vitamins. (From Wisconsin Station.) 


has less fat than cows milk, this fact 
must be borne in mind in feeding very 
young infants. For delicate infants, cow's 
milk too high in fat may produce un- 
satisfactory results. 

Even for very young calves, par- 
ticularly those that are not vigorous, it 
is best to use milk that is not too rich in 
fat. 5 Thus, in a Jersey or Guernsey herd 
it is wise to use milk from a low-testing 
cow for a week or two, or to add warm 
skimmilk or even water to lower the fat. 

270. Importance of colostrum. — 
Colostrum, the milk yielded by the 
mother for a short time after birth, dif- 
fers greatly in composition from ordinary 
milk, and it has very important func- 
tions. The most indispensable of these is 


ulins. At birth, the blood of the young 
animal contains practically no antibodies, 
though they are present in the blood of 
the mother. For a short time after birth, 
the globulins, carrying the antibodies, 
can pass through the intestinal wall and 
enter the blood stream. However, in a 
day or two the intestine becomes im- 
permeable to the globulins. The new- 
born therefore needs colostrum before 
this occurs. Later in life, the young ani- 
mal itself develops more or less immun- 
ity to digestive infections. 

Colostrum is also much richer than 
ordinary milk in vitamins, especially 
vitamin A, and in minerals. The high 
content of vitamin A is of great im- 
portance to animals at birth, for they are 
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bom with only a very small amount of 
it in their bodies. 6 Because of the rich- 
ness of colostrum in vitamin A, a calf 
may, receive in the first day as much of 
the vitamin as it would secure in several 
,days from normal milk. 

If a calf or other new-born animal 
cannot receive colostrum from its dam or 
Ji a similar female, it should get supple- 
J^ments furnishing vitamin A and other 
* vitamins, and- it may be necessary to 
supply antibodies by the hypodermic in- 
jection of blood serum from the same 
species/ 

By adding a concentrated vitamin A 
supplement to a good ration for dairy 
cows for some weeks before calving, the 
vitamin. A value of the colostrum and 
also the store in the body of the calf 
can be considerably increased. 7 How- 
ever, pasture may sometimes not raise 
the vitamin A value above that of colos- 
trum produced on a good winter ra- 
tion. 8 If cows have been continuously 
fed a ration deficient in carotene, their 
colostrum and their later milk will be 
low in vitamin A and carotene. 

II. Fattening 

271. The object of fattening. — We 
all know that the lean meat from a well- 
fattened animal is better flavored and 
more juicy than that from a lean one. 
This improvement in the quality of the 
lean meat, and not the storage of thick 
masses of fat, is the main object in fat- 
tening animals before they are slaugh- 
tered for meat. 

To some extent during growth and 
especially during fattening, fat is stored 
in the lean-meat tissues, chiefly between 
the bundles of fibers of which the mus- 
cles are composed. This storage of fat, 
which forms the so-called “marbling” 
of meat, adds to the juiciness and flavor, 
besides increasing the digestibility and 
nutritive value. During fattening there is 
also some increase in soluble material of 
the muscles, which adds to the flavor of 
the meat. 

It has been commonly believed that 
the lean meat from a well-fattened ani- 
mal is more tender than from a lean one 
of the same age. Recent experiments in- 


dicate, however, that in the case of 
young animals of some kinds fattening 
may not make the lean meat appreciably 
more tender, though it does greatly im- 
prove the juiciness and flavor. Fattening 
beef cattle generally makes the lean meat 
somewhat more tender, the effect being 
more pronounced in older animals. Fat- 
tening may not increase the tenderness 
of lamb or pork. 

Beef becomes decidedly more ten- 
der, as well as better-flavored, when it 
is aged for a few days at the proper 
temperature in a cooler. This is also the 
case with mutton from older sheep. The 
increase in tenderness is due to enzyme 
action on the tough and resistant pro- 
tein in the connective tissue of the meat. 
Unless a carcass has a sufficient covering 
of external fat, it will tend to spoil be- 
fore it has been sufficiently aged. 

272. What fattening is. — In the fat- 
tening of mature animals or those which 
have nearly completed their growth, the 
gain consists primarily of fatty tissue. 
In the case of such animals there is but 
little storage of protein and mineral mat- 
ter. For example, the gains made by 
steers which are fattened when nearly 
full grown will be about two-thirds fat, 
and will have only about 8 per cent pro- 
tein, less than 2 per cent mineral matter, 
and somewhat over 20 per cent water. 9 

Most of the animals raised for meat 
in this country are now fattened for 
market at relatively young ages. For in- 
stance, but few steers are older than 3 
years when slaughtered, and a large 
proportion are only 1 to 2 years old. 
Likewise, practically all the lambs not 
retained for breeding are fattened and 
marketed before they are a year old. 
Most of the pigs reach the market when 
much less than a year of age. Since such 
animals are still growing rapidly in mus- 
cle and skeleton while they are being 
fattened, the proportion of protein and 
mineral matter will be much higher in 
their gains than in those of older animals. 

This is shown by Missouri experi- 
ments in which analyses were made of 
the entire carcasses of steers slaughtered 
before fattening and at various degrees 
of fatness, to find the composition of the 
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gain made during fattening. 10 The 500 
lbs. of gain made in fattening thrifty 
740-lb. steers until they weighed about 
1,250 lbs. contained 46 per cent of fat, 
12 per cent of protein, and 40 per cent 
of water. 

When steers were made excessively 
fat by putting on a second 500 lbs. of 
gain, this additional gain had 68 per cent 
of fat, less than 7 per cent of protein, 
and only 22 per cent of water. It was 
therefore nearly all fatty tissue, with but 
little lean meat and a low water content. 

The fact that the proportion of fat 
in the gain made by an animal steadily 
increases during the fattening period is 
of much practical importance. It is the 
chief reason why the feed cost per pound 
of gain increases rapidly after an animal 
has" become fairly well fattened. Such 
Hesh contains much more fat and less 
water, and it is correspondingly more ex- 
pensive to produce. 

Also, when an animal has become 
fairly fat, it eats less feed per 1,000 lbs. 
live weight. Consequently, it has less nu- 
trients left for meat production after the 
maintenance requirements have been 
met. In addition, the actual maintenance 
requirements of a fat animal per 1,000 
lbs. live weight may be higher than for 
one in moderate flesh. (239) 

For these reasons, one should have 
the demands of the market very def- 
initely in mind in fattening stock for mar- 
ket. The animals should be fattened suffi- 
ciently to produce the best net returns, 
considering the probable sale price for 
animals of various degrees of fatness. 
However, they should not be made fatter 
than necessary, or the high cost of the 
gains will generally reduce the profits. 

273. Wastefulness of excessive fat- 
tening.— Not only are the gains very 
expensive when animals are can led to 
extreme fatness, but also the carcasses 
do not meet the desires of most con- 
sumers. The lean meat, will, it is true, be 
of the highest quality. However, too 
large a proportion of the various cuts 
will consist of masses of fat that are not 
usually eaten, especially in the case of 
beef and mutton. 

Any excess fat beyond that which 


is required to make beef or mutton at- 
tractive, juicy, and well-flavored is there- 
fore largely "waste, though it has been 
a heavy expense to the producer. Years 
ago, when cattle were usually fattened 
after they were well grown, it was neces- 
sary to carry them to a high finish to 
make the meat tender and juicy. Now, 
however, with our changed methods of/, 
beef production in which cattle aie fat-^ 
tened while yet young and growing, such’ 
extreme fattening is no longer needed to 
produce beef of good quality. # # 

274. Composition of steers of dif- 
ferent ages. — For several years Haeckei 
of the Minnesota Station conducted ex- 
tensive investigations on the food * re- 
quirements of steers of different ages, in 
which the entire carcasses of many ani- 
mals were analyzed. 11 The table on the 
next page shows the average composition 
of the steers at various stages of growth. 

The table shows that the percent- 
age of water steadily decreases as the 
animal matures, falling from over 71 
per cent in the calves to 43 per cent in 
the 1, 500-lb. steer. The percentage of 
fat increases rapidly during the growth 
and fattening of the animal, increasing 
from 4.0 per cent soon aftei biith to 
over 37 per cent in the 1 ,500-lb. steer. 
The protein and ash show less change 
than the water and fat, but the per- 
centages decrease gradually as the ani- 
mals grow older. 

Haecker found that the storage of 
protein bv the animal, which is rapid in 
early life' shows a marked slowing up 
when the animal reaches a weight of 
about 800 lbs. On the other hand, the 
gain in fat is most rapid after the steer 
reaches a weight of 600 lbs. 

275. Formation of body fat, — Nu- 
merous experiments have shown that af- 
ter enough nutrients have been supplied 
to maintain the body, any excess -no 
matter whether of fat, carbohydrates, or 
protein — mav be transformed into body 
fat. In the fattening of farm animals most 
of the fat is undoubtedly formed from 
carbohydrates, for these are the most 
abundant nutrients in all common ra- 
tions. When more protein is furnished 
than is needed for the repair of the body 
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tissues, the remainder may, after the ni- 
trogen is split off, likewise be changed 
into body fat. The fat in the food can 
also be made into body fat, after more 
or less change. 

I The relative values of different feeds 
for the formation of body fat depend on 
* the amounts of net energy or of total 
^digestible nutrients that they furnish, 
i tffFor this reason, such a feed as- corn 
grain is unexcelled for the fattening of 
stock. 


fat in feeds also affects the character of the 
milk fat produced by cows. On the other 
hand, the character of the body fat 
formed by ruminants (including cattle, 
sheep, and goats) is apparently not 
changed appreciably by the kind of fat 
in the feed. 12 

277. Nutrient requirements for fat- 
tening. — The first requirement of a ra- 
tion for fattening animals is an abund- 
ance of total digestible nutrients or net 
energy. The amount of protein needed 


Average composition of steers at various stages* 


' Normal weight 

• i v 


No. of 
steers 

Water 

Dry 

matter 

Protein 

Fat 

Ash 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

5 

71.84 

28.16 

19.89 

4.00 

4.26 

4 

70,43 

29.57 

19.14 

6.01 

4.42 

4 

65.72 

34.26 

18.77 

11.19 

4.30 

5 

65.79 

34.21 

19.31 

10.56 

4,34 

5 

62.90 

37.10 

19.15 

13.73 

4.22 

3 

61.20 

38.80 

19.40 

15.04 

4,36 

4 

60,35 

39,65 

18.60 

16.58 

4.48 

3 

58.44 

41.56 

18.80 

18.52 

4.24 

3 

54.10 

45.90 

17.66 

24.08 

4.16 

4 

52.03 

47.97 

17.11 

26.91 

3.95 

3 

47.77 

52.23 

16.38 

32.03 

3.82 

3 

47.96 

52.04 

16.02 

32.32 

3.70 

2 

47.93 

52.07 

15.79 

32.50 

3.78 

1 

47.76 

52.24 

16.15 

32.58 

3.51 

1 

43.48 

56.52 

15.72 

37.59 

3.21 


** Not including contents of the digestive tract. 


276. Effect of food fat on body fat. 
— At least in the case of swine and chick- 
ens, if the feed contains considerable fat 
the kind of fat in the food may have a 
pronounced effect upon the character of 
fat stored in the body. This is because 
the fatty acids in the food fats are to 
some extent deposited unchanged in the 
fatty tissues. If the feed contains con- 
siderable fat that is liquid at ordinary 
temperatures, the body fat may become 
so soft as to injure the quality of the car- 
cass. 

Thus, if swine are fed any consid- 
erable amounts of soybeans or peanuts, 
the pork will be so soft that the car- 
casses will be undesirable from the mar- 
ket standpoint. Just opposite in effect, 
cottonseed meal and coconut oil meal 
tend to produce hard pork. The kind of 


and also of vitamins and minerals will 
depend chiefly on the age of the animals, 
the requirements being much greater 
for young animals than for those that are 
well grown when fattening begins. 

The nutritive requirements for fat- 
tening each class of stock are discussed 
in the chapters of Part III, and many 
practical rations are recommended there 
and in Appendix Table VII which are 
adapted to the conditions in various dis- 
tricts. The amounts of nutrients advised 
for fattening the different classes of stock 
and at various ages are stated in the 
Morrison feeding standards. 

278. Total digestible nutrients or 
net energy. — It has already been empha- 
sized that fattening animals need an 
abundance of total digestible nutrients 
or net energy. Unless they have a large 
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surplus of nutrients after their main- total nutrients in its ration available for 
tenanee needs have been met, the rapid fattening, after the amount needed for 
formation of fatty tissues is impossible, maintenance is deducted. Less ;fped is 
The supply of total digestible nu- therefore commonly required per- - j|)0 
trients must be considerably more lib- lbs. of gain when an animal is fed Ipfe 
eral for fattening than for normal growth, sufficient liberality to produce good gam 
Thus, a beef calf, after weaning, will than when the feed supply is so scanty 
make satisfactory growth during winter that slow gains result. Also, slow gains 
on good roughage alone. On the other greatly prolong the fattening period, an<JS 
hand, a calf being fattened for baby so increase the cost of labor and thf 
beef needs a large amount of grain and other expenses. 



Fattening Stock Need a Liberal Supply of Concentrates 

Hereford cattle being fattened on an Iowa farm. The first requirement of a ration for 
fattening animals is an abundance of total digestible nutrients or net energy. These steers are 
being fed a liberal amount of corn. 

other concentrates, in addition to good Especial consideration is given in 

roughage. In fattening young animals it Part III to the amounts of grain or other 
is especially necessary that they be fed concentrates required for fattening the 
liberally. Otherwise, they may merely various classes of stock. Whether or not 
continue to grow, because of their strong it will be most profitable to feed fatten- 
growth impulse, and may fail to fatten in g cattle or lambs all the grain they 
properly. will eat will depend first of all on the 

It has been explained in Chapter relative prices of grain and roughage. 
IV that animals digest and utilize a It will also depend on the amount of 
slightly smaller percentage of the nu- premium paid in the market for well- 
trients in the ration when they are given fattened animals. Tins important prob- 
liberal rations than when their feed is lem is discussed in detail in Chapters 
limited. (101) However, in the fattening XXVIII and XXXI. 
of stock this difference is generally more 279. Protein requirements for fat- 

than offset by other factors. tening. — It has been pointed out pre- 

The animal that is fed liberally will viously that most of the animals raised 
have a much larger proportion of the for meat in this country are now fattened 
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for\$narket when relatively young. Such 
anirhals are making rapid growth of 
muscles and other protein tissues, and 
thflpfore they need an abundant supply 
oMferotein. 

At In the fattening of mature animals 
there is but little storage of protein in 
t the gain-<(, produced. Much less protein is 
l^therdfore needed than for growing ani- 
®T|nals. Indeed, experiments have shown 
that mature fattening animals will make 
c aj|jy satisfactory gains on rations sup- 
onl y 0*^5 t0 1*5 lbs. of digestible 
prfein daily per 1,000 lbs. live weight. 13 
However, it is probably not advisable 
in thaipractfcal fattening of mature ani- 
maiju to rediice the protein supply to 
this, 

It mas been pointed out in Chapter 
IV that the digestibility of a ration is 
considerably reduced if it contains too 
small a proportion of protein and too 
large a proportion of carbohydrates and 
fat. Also, a ration is usually more palat- 
able if it has a reasonable amount of 
protein, and therefore animals will eat 
a greater amount of it than of a ration 
very low in protein. This is important in 
producing rapid gains. 

If fattening animals are fed rations 
that are rich in carbohydrates and fat, 
but too low in protein, they are apt to 
go * "off feed” and may even suffer from 
digestive disturbances. Considering all 
these factors, it is recommended that 
even for mature animals a ration for 
fattening should not generally have a 
wider nutritive ratio than 1 : 10.0. 

280. Mineral and vitamin require- 
ments for fattening. — Mature fattening 
animals do not require a much greater 
amount of minerals than they need for 
mere maintenance, and their vitamin re- 
quirements are also low. On the other 
hand, young fattening animals have even 
greater needs for minerals and vitamins 
than those that are merely making nor- 
mal growth. Particular care must there- 
fore be taken that they have an ample 
supply of these nutrients, or the gains 
will be unsatisfactory, and the animals 
may even become decidedly unthrifty. 

For example, the experiments that 
are reviewed in Chapters XXVIII and 


XXX show in a striking manner that a 
lack of calcium may be the chief cause 
of the poor gains often made by fatten- 
ing cattle or lambs when there is no leg- 
ume hay in the ration. As is pointed out 
there and in Chapter VI, calcium can 
readily be provided in such forms as 
ground limestone or ground oyster shell. 
(157) 

281. Factors influencing fattening. 
— In addition to the suitability and the 
liberality of the ration, certain other 
factors have a great influence on the 
rapidity and economy of gains during 
fattening. 

Unthrifty animals make slow and 
expensive gains. Young animals that are 
thin and even somewhat small for their 
age, due to a previous scanty supply of 
feed, may make rapid and cheap gains 
when fed a liberal fattening ration. It 
will, of course, require considerably 
longer for them to reach a desired mar- 
ket condition than for animals which are 
in better flesh at the start of fattening. 
If young animals have been stunted by 
a lack of minerals or vitamins, they are 
apt to be unthrifty and therefore un- 
profitable in the feed lot. 

The ability of an animal to make 
economical gains and reach a good finish 
also depends upon temperament. While 
a wild animal, nervous and active, can 
be fattened only with extreme difficulty, 
farm animals are more quiet and usually 
fatten readily. The restless animal is 
rarely a good feeder, while the quiet one, 
which is inclined to "eat and lie down,” 
will usually make rapid gains. This is 
because the quiet animal has, from a 
given amount of food, a greater surplus 
of nutrients available for fat building. 
Fattening animals must not be allowed 
to exercise too much, as this wastes nu- 
trients which they might store in their 
bodies. 

III. Studies on Growth 
and Fattening 

282. Effects of nutritional defi- 
ciencies on young animals. — Many ex- 
periments have been conducted to find 
the effect of feeding young animals un- 
balanced rations, which did not supply 
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enough protein or which were deficient 
in minerals or vitamins. These investiga- 
tions proved clearly that when young 
animals are fed such rations they are 
unable to make normal growth. 

If the deficiency is too severe or 
too long continued, disastrous results will 
be produced. The animals will be per- 
manently stunted or they may be crip- 
pled by rickets or other diseases caused 
bv the deficiencies. These experiments 


In these studies the pigs fed corn 
alone not only made slow and expensive 
gains, but also the feeding of corn alone 
greatly changed the carcasses. The car- 
casses of pigs thus fed had a wastefully 
high proportion of fat and much les< 
lean than those of pigs fed balanced ra- 
tions. Also, the pigs fed com alone had 
very weak bones, much smaller livers 
and other internal organs, and less blood.! 

It must be remembered that these 


Pigs Fed Corn Alone Do Not Develop Normal Carcasses 

Upper row, cross sections of carcasses of pigs fed for lean; i. e., on well-balanced ration, 
by Henry at the Wisconsin Station. Left, section at shoulder; middle, section between fifth 
and sixth ribs; right, section at loins. Lower row, carcasses of pigs fed corn alone. Note larger 
size of muscles of pigs fed well-balanced ration. 


were of much practical importance, for 
they showed clearly the folly of failing 
to provide proper rations for young ani- 
mals. 

Years ago several experiments were 
carried on in which pigs that were al- 
ready fairly well grown were fed corn 
alone, in comparison with well-balanced 
rations. 14 Some of these early experi- 
ments in animal nutrition were conducted 
over 85 years ago at the University of 
Wisconsin by Professor W. A. Henry, 
the author o£ the early editions of Feeds 
and Feeding . 


results were secured with pigs that had 
already made much of their growth when 
started on the inadequate ration. If 
young pigs had been used, those fed 
corn alone would have made practically 
no growth or would have died or been 
permanently crippled or stunted. 1 * 1 

To find whether the poor results on 
corn alone were due to the lack of min- 
erals, Henry conducted 3 experiments at 
the Wisconsin Station in which well- 
grown pigs were fed com alone or corn 
and mineral supplements, 10 The pigs were 
confined in pens, with floored exercise 
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yards, so they could eat no dirt. The 
pigs fed com alone soon failed to grow 
and became unduly fat and dwarfed. 
I Those receiving bone meal or wood ashes 

v- in addition grew quite well for a time, 
! Aut later their gains were poor. 

| r On corn alone 629 lbs. of com were 
4 # required for 100 lbs. gain in weight, 
<**(|^while only three-fourths as much was re- 
li ^^yquired when bone meal or wood .ashes 
i ^ was added. Also, the bones of the pigs 
I fed com alone were only half as strong 

1 as those of the others. These trials clearly 

Ju sh§ft§!d that adding a liberal supply of 
IF* 1 iqjherals to the. ration was of some bene- 
I fit, but, it did not entirely remedy the 
* deficiencies of corn for growing animals. 

1$ dHter years numerous trials were 
carried on to study this matter further. 
These investigations clearly showed that 
to make a satisfactory ration for grow- 
ing pigs, there must be added to corn 
not only minerals, but also more protein 
and protein of a kind that will correct 
the defieiences of the corn protein. For 
pigs not on pasture, careful attention 
must be given to meeting the vitamin 
needs that are discussed in Chapters VII 
and XXXIV. 


283. Influence of methods of feed- 
ing upon the carcass. — Interesting exper- 
iments, especially those of Hammond 
and associates at Cambridge Univer- 
sity, England, have shown that the pro- 
portions of various parts of the body 
can be modified appreciably by methods 
of feeding. 17 Also, the proportions of 
bone, muscle, and fat can be thus 
changed. 

Growth proceeds at different rates 
in the various parts of the body. The 
head develops more rapidly at an early 
age than do other parts, and then the 
feet and legs grow fast. The trunk, and 
especially the hindquarters and the loins, 
are late in developing and are the last 
parts to reach mature size. 

Comparing the different kinds of 
body tissues, it is found that during early 
growth the skeleton develops more 
rapidly than muscles or fatty tissues. 
However, the muscles develop relatively 
early, and fat deposition comes last. 

In an experiment by McMeekan, 


working under the direction of Ham- 
mond, it was found that the best bacon 
carcasses were produced when pigs, after 
weaning, were fed a liberal ration for 
16 weeks and then fed a limited ration 
until they reached market weights. 18 This 
method of feeding produced a large pro- 
portion of lean, apparently because the 
food supply was abundant during early 
growth when muscle and bone develop 
most rapidly. 

An opposite method of feeding — a 
limited ration at first and then full feed- 
ing to market weights — produced car- 
casses that were decidedly of the lard 
type, with a large proportion of fat and 
a small proportion of lean. Pigs that were 
fed a limited ration continuously not only 
took a much longer time to reach the 
same market weight, but also they were 
not sufficiently fattened and they had a 
poor development of loin and hindquar- 
ters. These are the parts of the body 
which develop last. Pigs which were fed 
liberally throughout had better bacon 
carcasses than those which received a 
limited ration at first. 

The amount of feed required per 
100 lbs. of gain under various methods 
of feeding is, of course, fully as impor- 
tant from the practical standpoint as the 
effect upon the carcass. The effect of 
the limited feeding of pigs upon the 
economy of pork production is therefore 
discussed in some detail in Chapter 
XXXIV. The data which have thus far 
been published concerning these English 
experiments deal only with the effects 
upon the carcass and not with the econ- 
omy of production under the various 
systems of feeding. 

284. Effects of scanty feeding of 
growing animals, — It is now well known 
that young animals may be permanently 
injured or even killed by a serious lack 
of minerals or vitamins. A severe de- 
ficiency in amount or quality of protein 
may also have grave effects. The ques- 
tion then arises as to what the effect will 
be if young animals are temporarily fed 
a ration that does not provide enough 
total digestible nutrients for normal 
growth, but which has an adequate sup- 
ply of protein, minerals, and vitamins. 
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Does such scanty feeding permanently 
injure or stunt the animal? 

This question is of great practical 
importance, especially in the range dis- 
tricts of the West. Under range condi- 
tions young cattle and other stock often 
get most of their winter feed by grazing 
the dry grass and other forage on a 
winter range. The amount of feed avail- 
able is often scanty, and the digestibil- 
ity and the net-energy value of such ma- 
ture and weathered forage is very low. 
(368) Combined with these lacks, there 
will be a deficiency of protein, probably 
of minerals, especially of phosphorus, 
and often of vitamin A, unless adequate 
supplements are provided in addition to 
the weathered forage. As a result of 
these lacks, young cattle often weigh less 
in the spring than they did the previous 
fall. Even under farm conditions, young 
steers that are to be pastured the next 
summer are often wintered chiefly on 
cheap, low-grade roughage and make but 
little gain in weight. 

Extensive experiments were con- 
ducted some years ago at the Missouri 
and Kansas Stations to study the effects 
of such scanty feeding, 19 and recently 
similar experiments have been carried on 
by Winchester and Howe of the United 
States Department of Agriculture with 
pairs of identical twin steers.- 1 ' In these 
recent studies care was taken to provide 
plenty of protein, minerals, and vitamin 
A in the scanty rations. Therefore these 
rations lacked only energy. 

The investigations have shown that 
unless the underfeeding is continued too 
long, the animals are not permanently 
stunted but will reach normal size if they 
are later feed liberally. Steers that had 
been fed scantily for a time made rapid 
gains in weight when changed to a 
liberal ration. During this period of 
rapid gains they required even less feed 
per pound of gain than normal. Of 
course, the steers that were fed scantily 
for a time and then fed liberally needed 
a much longer time to reach satisfactory 
market weight and condition than did 
the steers fed a liberal ration continu- 
ously. 

In the recent studies one steer in 


each pair was fed a liberal ration all the 
time while the other steer in the pair ^ 
was fed from 6 months to about a. year 
of age a scanty ration. This- ' provided ; 
from 50 to 75 per cent as much total 
digestible nutrients as in the liber* . 
ration. On the lowest level of ■ feeding & 
the steers barely maintained their r ^ 
weights for the 6-month period, while£ 
the liberally fed steers gained an average*; - 
of 1.7 lbs. during this time. After about 
a vear of age, all the steers were full-fed 
until they reached a slaughter weight of 
1,000 lbs. It took from 10 to 2G< J w%eks (> . 
longer for the steers that had been *©?'* ■ 
tarded to reach this weight than it did 
for their liberally fed pair-mates. a 

Surprisingly, the steers that had 
been fed scantily for a time required a 
total of only slightly more total digestible 
nutrients than their liberally fed mates 
to reach this weight. Also, the carcass 
grades and meat quality were not 
lowered appreciably by the period of 
scanty feeding. 

Differing somewhat from these re- 
sults, the steers that were scantily fed 
for a time in the Missouri and Kansas 
experiments required more total feed to 
get them ready for market than was 
needed by others which were fed a nor- 
mal ration the entire time. 

From these studies on scanty feed- 
ing and the results of the feeding experi- 
ments summarized in Chapter XXIX, 
we can conclude that feeding young beef 
cattle so scantily in winter that they 
make little or no gain is not generally 
advisable, except in emergencies or 
when supplemental feeds are very ex- 
pensive in comparison with summer pas- 


turage. 

The purebred livestock breeder who 
seeks to develop his animals toward an 
ideal should always be careful to give 
growing animals ample feed. Detailed in- 
formation is given in Part III concerning 
the amounts of feed and especially of 
concentrates that should he fed to the 
different kinds of growing animals un- 
der various conditions. 

285. Continuous growth important. 

.\ California experiment shows that 

feed may be utilized more efficiently 
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when young beef cattle on the range are 
given supplemental feed during periods 
when. the range pasturage is too mature 
or too scanty to permit normal growth. 21 
* In the region where the test was con- 

P cted, the growth of the range plants 
ms place from November, after the 
it rains, until late spring. From June 
July the forage is completely dry and 
jj&nature, and it not only lacks palatability 
1|| but also is very low in digestible protein. 
* Beef calves grazed on this mature forage 
without supplemental feed generally lose 
.'^Iw^Sft, after weaning. 

4* Ii* this experiment it was very prof- 
itable to feed steer calves, during the 
period when the range forage was dried 
up, a sufficient amount of a protein-rich 
concentrate mixture to keep them gain- 
ing steadily. The feeding of 200 to 300 
lbs. of supplemental feed per head at 
that time saved 500 lbs. of concentrates 
and 400 to 500 lbs. of hay and other 
roughage needed later to make up the 
difference in weight and condition when 
the cattle were fattened for market. 

286. Effect of rate of growth on 
length of life. — It is generally believed 
that the length of productive life is 
longer when an animal receives during 
growth a fairly liberal, well-balanced ra- 
tion that permits rapid growth. The ex- 
tensive experiments by Sherman and 
associates have been mentioned in the 
previous chapter, in which rats were fed 
a liberal ration containing an abundance 
of high-quality protein, of vitamins, and 
of calcium, in comparison with a more 
ordinary ration that produced normal 
growth. ( 245 ) The rats fed the superior 
ration not only grew faster than normal 
but also remained vigorous for a long 
time and had a greater length of life 
than those fed the ordinary ration. 

In experiments by McCay and asso- 
ciates rats lived longer when they were 
raised on a diet that furnished ample 
protein, minerals, and vitamins, but 
which supplied so little energy that 
their growth was greatly retarded. 22 This 
lengthening of life was, however, due 
chiefly to a prolongation of the growth 
period and not to a longer adult life. 

It is interesting that the rats which 


were underfed when young retained the 
capacity to grow at an age when growth 
has normally ceased. For example, rats 
were able to grow after they had been 
scantily fed to an age of 911 days, which 
is much more than their normal length 
of life. When underfeeding was contin- 
ued as long as this, however, the animals 
never reached normal size. 

Experiments mentioned in Chap- 
ter XXVII are being conducted to deter- 
mine the effect of different levels of feed- 
ing of dairy heifers prior to first calving 
on their subsequent milk production, re- 
productive performance, and length of 
useful life. 

287. Influence of soil upon breeds 
of livestock. — It is a common belief 
among those familiar with the livestock 
of various countries that the fertility of 
the soil in any district has a marked 
effect on the size and ruggedness of a 
breed of livestock which originates there. 

Ashton, who studied this subject in 
Europe, concluded that the dwarf size 
of the Brittany breed of cattle in France 
was due largely to the great deficiency of 
calcium and phosphorus in the district 
where the breed was developed. 23 This 
dwarfed condition is apparently a result 
of the effect of the deficiencies through 
successive generations. Perhaps the ani- 
mals of dwarf size could get along bet- 
ter on feed low in these minerals than 
animals with large skeletons, and thus 
survived while others perished. 

Ashton concluded that, on the other 
hand, the large size and rugged frames 
of the Brown Swiss breed were due in 
part to the high calcium content of the 
soil in Switzerland. Also, for generations 
the cattle have secured their living from 
roughage, with little or no concentrates. 
This roughage has undoubtedly supplied 
a goodly amount of calcium, and of 
phosphorus as well. 

It was also pointed out that in the 
Island of Jersey the soil is more deficient 
in calcium and phosphorus than in 
Guernsey, where the cattle are larger. 
Breeders of the “Island type” of Jerseys 
in the United States recognize that there 
is a tendency for their cattle to become 
somewhat larger and more rugged in 
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bone when they are amply fed and kept young. Without question, many of the 
on soil rich in minerals. failures in raising young stock are due to * 

In a study in a good dairy section faulty nutrition of the breeding females, 

of New York where the cows were us- The sires must also be fed and cared for 

ually fed liberally, Misner determined properly or their fertility will be low. 

the size of the cows in many herds and If the mother is fed . inadequately^ - 

the amounts that were fed of various the offspring are apt to be weak or un* 

kinds of roughages . 24 He found that the dersized at birth, and also the supply of' 

cows averaged distinctly larger in size milk may be scanty or of low vitamirijf 

on the farms where a high proportion of content. Occasionally, the ration is so de-|| 

the roughage was legume hay. ' fieient that the young are born dead.\ 



Nutritive Deficiencies Cause Reproductive Failure 


In Wisconsin experiments cows fed continuously on straw as the only roughage, plus 
grain and grain by-products, usually produced dead or weak calves. 'The reproductive failures 
were due chiefly to deficiencies of vitamin A and calcium, ( From Wisconsin Station.) 


The small size of the Shetland pony 
mav be due in part to the rigorous cli- 
mate of the Shetland Islands and the 
lack of fertility in the soil. In marked 
contrast are the Percheron, Belgian, 
Clydesdale, and Shire breeds of horses, 
all of which were developed in districts 
where the soil was rich and the climate 
was moderate. 

IV. Reproduction 

288. Importance of adequate ra- 
tions for breeding animals. — It is essen- 
tial that breeding animals receive rations 
that fully meet the needs of their own 
bodies and also supply sufficient amounts 
of the various nutrients for the unborn 


Fortunately, the mother is able to pro- 
tect the unborn offspring to a certain 
extent against temporary or small de- 
ficiencies in her food by drawing on 
stores in her own body. Thus, she can 
draw on her skeleton for calcium and 
phosphorus and on. her muscular tissues 
for protein. Such maternal protection is, 
however, at the expense of her own 
body. 

The great differences that occur in 
reproductive efficiency of livestock is 
shown by a survey made by Phillips of 
the number of calves born on various 
western ranches per 100 cows in the 
herd at breeding time.- 5 The percentage 
calf crop ranged from 40 to 77 per cent 
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in different sections of the western range 
?area, with an average of 63 per cent. The 
calf crops on individual ranches ranged 
all the way from 25 to 95 per cent. 
j^Vhile disease is often a very important 
actor in reproductive failure, undoubt- 
edly the poor calf crops in some of these 
'herds were due largely to nutritive de- 
‘ficiencies. 

On account of the importance pf the 
object, especial attention is given in the 
pters of Part III to the requirements 
pregnancy of each kind of breed- 
ick. Rations, adapted to various 
the country, are suggested there 
ppendix Table VII that should 
Satisfactory results. Information 
/en in Part III on the feeding, 
care; 'and management of sues of each 
class of stock. The requirements for egg 
production by poultry are discussed in 
Chapter XXXVI. 

289. Nutrient requirements of fe- 
males for reproduction. — It is especially 
important that the rations of pregnant 
animals furnish ample amounts of pro- 
tein, minerals, and vitamins. These nu- 
trients are particularly needed in the de- 
velopment of the unborn young, and 
deficiencies may produce serious effects. 

While it is essential that mature 
pregnant animals receive a sufficient 
supply of these nutrients, the require- 
ments during pregnancy are much less 
than for milk production. Also, most of 
the growth of the fetus is made during 
the last third of pregnancy. Until then 
it is not necessary to give a pregnant ani- 
mal much more feed than would be 
needed to keep her in thrifty condition, 
if unbred. However, more care should 
be taken to provide sufficient protein, 
minerals, and vitamins. Pregnancy tends 
to make animals gain in weight and fat- 
ten more rapidly, because it makes them 
more quiet and also increases the appe- 
tite. 

It is very important to feed preg- 
nant animals more liberally during the 
last third of pregnancy. This is necessary 
to provide for the rapid growth of the 
fetus at this time and also to get the dam 
in condition to produce a good flow of 
milk. 


In energy investigations with dairy 
heifers at the New Hampshire Station, 
Ritzman found that a month before calv- 
ing, the amount of energy required by 
heifers was about 30 per cent higher 
than in nonpregnant heifers. 26 On the 
other hand, up to the fourth or fifth 
month of pregnancy, the energy require- 
ment of pregnant animals was not ap- 
preciably higher than for those that were 
not pregnant. 

It is shown later that the milk yield 
of dairy cows is considerably increased 
when they are well fed during the dry 
period. (1082) Also, their calves are 
more vigorous and the milk is richer in 
vitamin- A value. Similarly, it is shown 
in Chapter XXXI that when ewes are 
insufficiently fed during the last part 
of pregnancy, they are apt to have weak 
lambs. Also, they have insufficient milk 
for the lambs and may show but little 
motherly instinct. 

In general, breeding females should 
be so fed that they are in thrifty condi- 
tion. However, they should never be 
allowed to become too fat, or their breed- 
ing efficiency may be seriously de- 
creased. Keeping them for long periods 
in over-fat, show condition is decidedly 
detrimental. Abundant exercise is essen- 
tial for the best results. 

It is important that breeding ani- 
mals be raised well during the growth 
period. Undernutrition delays sexual de- 
velopment, and also females that have ! 

been poorly fed while growing are apt 
never to reach normal size. After they 
have their first offspring, the drain on j 

their bodies in milk production prevents j 

further growth unless they are fed lib- 
erally. Young pregnant females which 
have not yet completed their growth 
should therefore receive sufficient feed 
so they will be in good condition and of 
normal size when they have their first 
young. 

290. Protein, minerals, and vita- 
mins.— In comparison with the needs of I 

a non-pregnant female, the requirement I 

for protein during pregnancy is increased J 

more than for total digestible nutrients or I 
net energy. This is because the fetus con- | 

sists chiefly of protein. The greatest need 1 
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I ; 293. Nutritive requirements of 

Sires.— Practical experience shows that 
* : sires must be kept in thrifty condition 
retain their breeding powers. Care 
Jnust therefore be taken to make sure 
^that '.their needs for protein, minerals, 
J? and vitamins are met. However, the nu- 
J? trient requirements for mature sires in 
ordinary * service are not far different 
from the needs for mere thrifty mainte- 
, nance. Information is given in Part III on 
the feeding and care of sires of each class 
of stock, 

will be noted in the experiments 
a ’ tfe summarized that a nutritive de- 
ficiency, as of vitamin A, usually pro- 
duces viable symptoms of deficiency in 
the-, sii^ before it impairs his breeding 
potency. ' 

toiing sires should be fed so that 
they grow normally and develop vigorous 
bodies and strong skeletons. They there- 
fore need rations having ample amounts 
of protein, minerals, and vitamins. 

QUESTIONS 

1. Why is thrifty growth important in farm 

animals? 

2. Compare the nutritive requirements for 

growth and for maintenance, consid- 
ering: (a) Protein; (b) total digesti- 
ble nutrients; (c) minerals; (d) vita- 
mins. 

3. How can the amounts of protein re- 

quired by growing animals be deter- 
mined? 

4. Which is more serious for a young ani- 

mal — a moderate deficiency of total 
digestible nutrients or a lack of an es- 
sential mineral or vitamin? 

5. How can one be sure that calves, lambs, 

and foals have plenty of calcium, 
without feeding a special calcium sup- 
plement? 

6. Which vitamins are most apt to be lack- 

ing in the rations of pigs in winter? 

7. Discuss the utilization or food by young 

animals. Why do young animals pro- 
duce meat more economically than 
older ones? 

8. What is the relative rate of growth of 

different parts of the body at various 
ages? 

9. State 7 nutritive virtues of whole milk 

for young animals. 

10. What deficiencies does milk have as an 
exclusive food over long periods? 


11. Why should a very young animal not be 

fed milk unduly rich in fat? 

12. Why is it important that new-born ani- 

mals receive the colostrum? 

13. What is the object of fattening meat ani- 

mals? 

14. Discuss the composition of the gains 

made during fattening. 

15. Why is it generally uneconomical to 

carry an animal to a greater degree of 
fatness than is necessary to meet the 
market demands? 

16. From what nutrients may body fat be 

formed? From what source is most of 
it usually made by farm animals? 

17. What is the effect of food fat upon body 

fat in swine and in ruminants? 

18. Discuss the requirements of fattening 

animals for the following: (a) Total 
digestible nutrients or net energy; ( b ) 
protein; (c) minerals; (d) vitamins. 

19. What factors, other than the ration, in- 

fluence the rapidity and economy of 
gains during fattening? 

20. What is the effect of feeding young pigs 

such a ration as corn alone? 

21. What method of feeding produced the 

best bacon carcasses in the English ex- 
periments? 

22. Of what practical importance are the 

results of the experiments in which 
growing animals have been fed scanty 
rations for a time? 

23. What results were secured when beef 

calves were fed enough supplemental 
feed, in addition to dried-up range, to 
keep them growing steadily? 

24. What is the effect of nutrition upon 

length of life of rats? 

25. How may the fertility of the soil in a 

region affect the size of farm animals? 

26. Discuss the importance of adequate ra- 

tions for breeding animals. 

27. Compare the nutrient requirements for 

pregnancy with those for milk produc- 
tion. 

28. Discuss the importance of pasture and 

legume hay for breeding stock. 
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CHAPTER X 

PRODUCTION OF MILK, WORK, AND WOOL 


I. Production of Milk 

294. The secretion of milk. — For 
good growth of all young mammals an 
abundant supply, of the mothers milk is 
necessary under; normal conditions. It is 
thadfifore 'essential- that we understand 
the^ main facts ^concerning the require- 
ments for the*’ secretion of milk. 1 

full y developed mammary 
gk^^in which milk is secreted, con- 
sists df a multitude of small, sac-like se- 
creting bodies ( called alveoli) and the 
duct system into which the milk is 
poured. The alveoli are grouped into 
clusters, much like bunches of grapes. 

The smallest ducts, into which the 
alveoli secrete the milk, unite to form 
larger ones. The ducts are not uniform in 
size throughout their length but are 
greatly enlarged in places, to provide 
more storage capacity for the milk as it 
is secreted. In some animals the large 
milk ducts open directly on the surface 
of the teat, but in others, as in cows, they 
open into a small cavity, called the milk 
cistern, which is just above the teat. 

The amount of milk an animal can 
produce depends primarily on the 
amount of secreting tissue in the mam- 
mary glands. In good dairy cows, for 
example, not only is the udder large, but 
most of it consists of actual secreting tis- 
sue. 2 On the other hand, in the udders of 
beef cows there is much less secreting 
tissue, and a considerable part of the ud- 
der consists of fatty tissue. 

When milk is secreted, the blood, 
laden with nutrients, is brought by the 
capillaries of the udder to the alveoli. 
The nutrients then pass through the walls 
of the capillaries into the lymph and 
thence into the cells of the alveoli. Here, 
by one of nature’s wonderful processes 
they are converted into milk, that differs 
greatly in composition from the blood 
from which it is made. 


Only a very small portion of the nu- 
trients in the blood is removed each time 
the blood passes through the udder. 
’Therefore the rate of flow of blood is 
truly remarkable in the case of a high- 
producing cow. It is estimated that about 
400 lbs. of blood flow through the udder 
for each pound of milk produced. 3 Thus, 
in the case of a cow yielding 60 lbs. of 
milk a day, 24,000 lbs. of blood would 
flow through the udder in a day. 



Portion of Mammary Gland of 

Cow 

Small portion of gland, greatly magni- 
fied. A, alveoli, in which milk is secreted; 
b, small milk duct; c, larger milk duct. ( After 
Klein.) 

The great number of times the blood 
makes the circuit from the heart to the 
udder and back again is evident from 
the fact that this amount of blood is 
about 300 times the total amount of 
blood in the body of a 1,000-lb. cow. 
The energy required to pump this 
amount of blood through the udder rep- 
resents only a small part of the require- 
ments of the cow for milk production. 
There is therefore no question but that 
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a good cow is a very hard-working ani- 
mal. 

295. Source of nutrients in milk. — 
The chief constituents of milk — casein, 
milk fat, and lactose (milk sugar) — are 
true secretions of the mammary gland, 
for they have special properties and are 
found nowhere else in the body. Certain 
constituents of milk are transferred di- 
rect from the blood, including mineral 
matter, the vitamins, globulin, and* 
albumin. 

Investigators have endeavored to 
determine the exact blood source of the 
various nutrients in milk. 4 One method 
has been to analyze samples of blood 
taken from an artery of a cow before it 
passes through the udder and of blood 
from a vein after passage through the 
udder. In some of the studies various nu- 
trients labeled with radio-isotopes have 
been used in order to trace the origin of 
the milk constituents. 

The experiments indicate that 
casein is made chiefly from amino acids 
taken up from the blood. Some synthesis 
of certain amino acids for making the 
casein may occur in the mammary gland. 
The milk fat is mostly derived from the 
fat of the blood. In the case of rumi- 
nants, but not in non-ruminants, the 
simpler fatty acids may be formed from 
acetic acid produced in the bacterial car- 
bohydrate digestion in the rumen. The 
lactose is formed principally from blood 
glucose. 

296. When is milk secreted? — In- 
vestigations have shown that milk secre- 
tion is a continuous process and that 
most of the milk obtained at a milking is 
already present in the udder when milk- 
ing begins. 5 For example, when cows 
have been slaughtered just before the 
normal milking time and their udders re- 
moved, the udders have contained nearly 
as much milk as was secured at the pre- 
vious milking. 

The rate of secretion is probably 
most rapid for a time after milking is 
completed, for there is then little or no 
pressure in the udder. As the milk grad- 
ually accumulates in the milk ducts be- 
fore the time of the next milking, the 
rate of secretion tends to slow up, due 



to the increasing pressure. When the t s 
pressure becomes great enough, secretipn 
entirely ceases. This is why cows caiv.bef 
dried off by abrupt stopping of ’^lilking, \ 
( 108x ) ' ‘ jt 

297. “Letting down” and “holding <*- 
up” of milk. — The secretion of milk is * 
involuntary and cannot be prevented by 
the animal, any more than can breathing 
or the* circulation of the blood. The yield 
may, however, be reduced considerably , 
through nervousness caused by fright or“V? 
unusual conditions. 

It is explained in Chap ter 'jatifKtf'l 
that if the proper stimulus occumCrmitk- 
ing time, the milk is forced oi|§* of the 
alveoli and small ducts of the uHder by 
the action of a hormone produced ‘in 
the pituitary gland at the base of the 
brain. ( 1093 ) We then say that the cow 
has “let down” her milk. 

If she does not receive the proper 
stimulus, this hormone is not secreted, 
and we say that she “holds up” her milk, 
because it is not forced out of the alveoli 
and ducts. More milk is secured by rapid 
milking than by slow milking, because 
the effect of the hormone lasts only a 
short time. 

These studies provide an interesting 
explanation for the well-known fact that 
regularity in feeding and stable manage- 
ment is necessary to secure the largest 
yields from good cows. Also, the kind 
milker who gains the confidence of cows 
secures more milk from them than a 
rough or indifferent person. 

298. Development of the mammary 
glands. — The mammary glands of a 
young female are only slightly developed 
before sexual maturity, but then develop 
through the action of certain hormones. 1 
For example, in the ease of dairy calves, 
the milk ducts leading out from the milk 
cistern are small and short, with few 
branches. After sexual maturity is 
reached and the animal comes in heat, 
the duct system begins to grow and 
branch out into the fatty pad of tissue 
which at that time composes most of the 
udder. This growth is caused by a hor- 
mone which is secreted in the ovaries 
and carried in the blood to the udder. 
This hormone, usually called estrogen. 
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or estradiol, is the same hormone that 
causes the heat period in females. With 
the.- successive heat periods, further 
growth- of the duct system occurs. 

If the animal does not become preg- 
ant, . the ^ duct system becomes fairly 


of the pregnant animal. This hormone is 
usually called progesterone . Hormones 
produced by the pituitary gland also 
seem to be concerned with the growth 
and development of the mammary 
glands. 



Structure of the Cow’s Udder 


1. Longitudinal section through one side of udder and teats of cow. The narrow duct 
at the end of the teat, or the teat canal, may he seen, also the cavity in the teat, and the 
milk cistern. Although there is no septum, or visible division, between the fore and hind 
quarters, no communication exists between the milk ducts in the two quarters. In this section 
the tissue of the fore quarter is colored slightly lighter than that of the hind quarter. 

2. Horizonal section of the four quarters of the cow's udder. The septum, or division, 
between the right and left halves of the udder is clearly visible. Note the size and distribution 
of the milk ducts. 

8, Milk cistern and milk ducts of a fore quarter of udder. 

4. Cross-section of an alveolus before milking. The droplets of fat, indicated in the 
figure by the light-colored spots in the cells, are discharged into the cavity of the alveolus 
through the cell walls when milk is secreted. 

5. Cross-section of an alveolus after milking. This should be contrasted with Figure 4, 
as it shows the appearance of the cells of the alveolus following secretion. Note that the cells 
have lost their fat droplets and their fluid to a large degree. (Reproduced from charts by 
Rubeli, Berne, Switzerland.) 


extensive, but there is not much develop- 
ment of the alveoli, which are the secret- 
ing tissues. When pregnancy occurs, a 
further growth takes place in the duct 
system, and also the alveoli develop 
rapidly. This is caused by estrogen and 
also by a hormone secreted by the corpus 
luteum, or “yellow body,” in the ovary 


In some animals the growth of the 
secreting tissue is largely completed dur- 
ing the first half or two-thirds of preg- 
nancy. The cells of the alveoli then begin 
to secrete a fluid that resembles colos- 
trum, which is the first milk yielded by 
the mother after the birth of the young. 
The beginning of secretion is brought 
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about, not by either of the two hormones 
that have been mentioned, but by a hor- 
mone called prolactin , or lactogen, 
which is secreted by the forward, or an- 
terior, part of the pituitary gland. 6 

Because of the rapid enlargement of 
the udder during the latter part of preg- 
nancy, it was formerly thought that 
nearly all the growth of the gland takes 
place at that time. However, much of. 
the increase in size is due to accumula- 
tion of secretion in the alveoli and ducts. 

The function of the colostrum in 
protecting the new-born against disease 
has been explained in the previous chap- 
ter. (270) 

When the milk yield decreases dur- 
ing the latter part of 'the lactation period 
and the animal finally “goes dry, the 
alveoli disappear to some extent and are 
rebuilt during the next pregnancy period. 

Young heifers often develop the 
habit of sucking each other, and this 
manipulation of the udder will some- 
times start the secretion of milk, even 
in the unbred animal. In one instance at 
the Wisconsin Station a barren heifer 
produced over 5,000 lbs. of milk in 6b0 
days, the maximum daily yield being 
18.7 lbs. 7 

Such a milk flow is, however, much 
less than the animal would produce fol- 
lowing pregnancy and the birth of young. 

299. Use of hormones to cause milk 
production. — Experiments have shown 
that udder development and secretion 
of normal milk can be produced in non- 
pregnant females by the hypodermic in- 
jection of hormones, or implanting a 
tablet of the hormone under the skin. 
This effect is produced not only bv na- 
tural hormones, but also by certain syn- 
thetic compounds, especially diethylstii- 

btSh Experiments have been conducted 
with heifers and cows that failed to con- 
ceive, to find whether treatment with 
hormones would produce woi th-while 
milk yields. 8 In some cases yields of as 
much as 431 lbs. of fat in 10 months 
have been secured, but in other instances 
the results have been disappointing. The 
effect has seemed to be more favorable 
with heifers than with cows. 


300. Milk prediction requires large 
amounts of nutrients.- — Many -'do.. *• pot . r 
realize fully the large amounts!, of Nu- 
trients that are yielded by an animal pro- 
ducing a good flow of milk,- and that^ 
must therefore be supplied in her feed. ^ 
A fair cow yielding annually 8,000 lbs. \ % 
of milk containing 3.5 per cent fat will V 
produce in her milk each year much 
more protein and somewhat more energy 
and minerals than there are in the entire 

body of a fat 2-year-old steer. In addi- 

tion, she will have developed the body 
of her calf. ^ 

Unless an animal in milk j#tei#es 
sufficient nutrients to meet her i w y;:-she 
cannot continue to produce a gc^^eld. 
During the first part of the Hpfttem 
period, if the animal is fed insufficiently 
she will do her best to provide enough 
milk for her young by drawing nutrients 
from her body. However, this cannot 
continue long, and her milk yield will fall 
to the amount that can be made from 
the nutrients she receives. 

Since milk is especially rich in pro- 
tein and also in calcium and phosphorus, 
the ration of an animal producing milk 
must supply liberal amounts of these nu- 
trients. Also, the protein in the ration 
must be of satisfactory quality, as has 
been shown in Chapter V. The large re- 
quirements for protein, total digestible 
nutrients, calcium, and phosphorus foi 
milk production are in strong contrast to 
the amounts needed by an animal that 
is merely being maintained, or even by 
a pregnant animal that is not producing 
milk. 

The quantities of the various nu- 
trients required by any milking animal 
will depend primarily on the amount of 
milk that is actually being produced. 
Thus, a cow yielding 60 lbs. of milk a 
dav will need twice as much nutrients, 
above her maintenance requirements, as 
will one producing only 30 lbs. of milk 
of the same richness. Also, a ^ greater 
amount of nutrients is required for each 
pound of rich milk, than for milk low in 
fat percentage. 

These simple facts are disregarded 
bv many dairymen, who allow the net 
returns from their herds to be seriously 
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' reduced because t$py do not feed the 
individual cows M - ; proportion to their 
actual ^productions. This important mat- 
ter is discussed in Chapter XXV, 

In considering the food require- 
ments, '.for milk production it should be 
borne in mind that the mammary gland 
does not receive a particular kind of 
blood suited to its special needs. It re- 
ceives the very same kind of blood that 
flows to the other body tissues, and there- 
fore it must compete with the other or- 
gans for its supply of nutrients. 

Mj^e requirements for milk produc- 
t.i®W ; various farm animals are dis- 
eusMifjn detail in the chapters of Part 
I-TteM example rations for each class 
c(fi|gPfcare given in Appendix Table VII. 
The amounts of nutrients advised for 
each kind of milking animals are stated 
in the Morrison feeding standards. (Ap- 
pendix Table III.) 

301. Protein. — Often the milk pro- 
duction of farm animals is lowered by a 
lack of sufficient protein in the ration. 
Care should therefore always be taken 
to provide ample protein. In the case of 
brood sows, attention must be given to 
the quality of protein, as well as to the 
amount. For the reasons explained in 
Chapter V, the quality of protein in any 
usual ration for dairy cows, beef cows, 
ewes, or mares will generally be satis- 
factory, if good quality roughage is fed. 
(112, 127) If considerable of the rough- 
age is legume forage, satisfactory quality 
of protein in the ration is insured. 

Protein is used very efficiently in 
milk production, especially by good dairy 
cows. This is shown by the fact that fairly 
good production is secured when cows 
receive in their feed, in addition to their 
maintenance requirements, only 1.25 lbs. 
of digestible protein for each pound of 
protein in the milk. In -the economy with 
which she converts the protein of feed- 
ing stuffs into protein of the highest nu- 
tritive value, the dairy cow far excels 
the other farm animals, as is emphasized 
in Chapter XII. (351-352) 

302. Total digestible nutrients or 
net energy. — The requirements for total 
digestible nutrients and net energy in 
milk production are far greater than the 


needs for pregnancy, even during the 
last months, when the growth of the 
fetus is most rapid. The high need for 
energy in milk production is shown by 
the fact that the metabolic rate of the 
body is so speeded up in producing a 
good yield of milk that twice as much 
heat is produced as in animals that are 
not lactating. 9 

For efficient milk production, dairy 
* cows, beef cows, brood mares, and 
breeding ewes should, first of all, receive 
a liberal supply of good-quality rough- 
age. This will not only furnish total di- 
gestible nutrients and net energy, but it 
is also important in providing minerals 
and vitamins. In addition to roughage, 
they should receive whatever amounts of 
concentrates are necessary to maintain a 
satisfactory flow of milk. Brood sows 
must get most of their nutrients for milk 
production from concentrates. 

The amount of concentrates re- 
quired for any class of stock depends 
on the quality of the roughage they re- 
ceive and on the amount of milk they 
are yielding. Thus, beef cows nursing 
calves need no grain in addition to good 
pasture, while high-producing dairy 
cows cannot secure enough nutrients 
from pasture alone, unless it is most ex- 
cellent. 

303. Fat requirements. — Investiga- 
tions have shown clearly that the fat 
in milk can be formed not only from the 
fat in the feed but also from carbohy- 
drates and even indirectly from protein. 
For example, in an experiment many 
years ago by Jordan and associates a cow 
was fed for over 3 months a ration from 
which nearly all the fat had been ex- 
tracted. 10 During the trial she produced 
62.9 lbs. of fat in her milk, while there 
was only 5.7 lbs. of digestible fat in her 
feed. The rest was made chiefly from 
carbohydrates, as but relatively little 
could have come from excess protein in 
the ration. 

In spite of the fact that the fat in 
milk can be made from other nutrients 
than fat, a certain minimum amount of 
fat is needed in the ration for maximum 
milk yield, at least with high-producing 
dairy cows and milk goats. Extensive ex- 



periments summarized in Chapter XXV 
showed that when, good dairy cows were i 
fed concentrate mixtures having only 2.7 
per cent fat, with the usual roughages, < 
they produced 4 per cent less milk than i 
when the ration had more fat. ( 1020 ) 
The difference in yield, which was only 
small, could be made up by feeding a ■ 
slightly larger amount of the low-fat con- 
centrate mixtures. 

The effect of the low-fat ration may 
have been due to the less efficient use o 
energy on a ration very low in fat, whic 
has been mentioned previously. (1-33) 
Another possible explanation is tha 
cows are able to make milk fat more 
readily from food fat, though they can 
synthesize it from other nutrients. 

' In these experiments the percentage 
of f a t in the milk was not appreciably 
reduced on the low-fat rations in the 
case of dairy cows, but the milk yield 
was slightly' less. However, with milk 
■mats a ration very low in fat tended to 
decrease the fat content of the milk. 

So far as is known, no especial at- 
tention need be paid to the fat content 
of rations for beef cows, ewes of the 
common breeds, brood mares, and brood 
sows. This is because then milk yield is 
not large in comparison with that ot 
high-producing cows or milk goats. 

304. Mineral and vitamin requite- 
ments.— The mineral and vitamin re- 
quirements of farm animals have been 
discussed at some length in previous 
chapters. The importance was there em- 
phasized of supplying sufficient calciunp 
phosphorus, vitamin A, and vitamin D 
to make possible a high yield of milk, 
without injury to the animal. 

The mineral and vitamin require- 
ments for milk production by the various 
classes of stock are considered further m 

Part III, and the influence of the vita- 
min supply in the ration upon the vita- 
min content of the milk is discussed later 
in this chapter. 

305. Effect of various factors upon 
the composition of milk.— -The effects of 
various factors upon the yield and com- 
position of milk have been studied chiefly 
in experiments with dairy cows. These 
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Chapter XXV factors are therefore discussed in detail ^ 

airv cows were in Chapter XXV. # , j 
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.. oils decidedly decrease the percentage of 
fat in the milk of cows. 

- When fed in considerable amounts, 
feeds that are rich in fat may have a 
marked effect on the character of the fat 
in' milk, just as they do upon the body fat 
produced by swine. Thus, soybeans and 
^ainuts tend to produce soft butter, 
while cottonseed meal and coconut oil 
meal make hard butter with a high melt- 
ing point. 

^ The percentage of lactose in milk 
cannot , be changed by any ordinary 

Effect of feed on minerals in 
x^^^prhe percentages of the principal 
in milk are not changed to any 
appreciable extent by the amount of 
these minerals in the feed. In a recent 
Ohio study the content of calcium, phos- 
phorus, and certain other minerals in 
the milk produced by cows on improved 
legume pasture did not differ from that 
in the milk of cows on permanent blue- 
grass pasture. 13 Though a ration seri- 
ously deficient in phosphorus or calcium 
will reduce milk production and may 
cause serious injury to the animal, the 
milk that is produced will have about 
the normal content of these minerals. 14 

Milk is very low in iron, as has been 
stated before. It is apparently impossible 
to increase the amount by increasing the 
supply in the feed. 15 (174) 

The amount of iodine and the 
amount of cobalt in cows milk can be 
increased decidedly by adding to the 
ration a supplement supplying the min- 
eral. 16 However, the cow is very ineffi- 
cient in transferring iodine into her milk. 

It has occasionally been advocated 
that iodine should be added to the ra- 
tions of dairy cows so that their milk 
might be used as a goiter preventive for 
humans in iodine-deficient districts. Most 
medical authorities agree that the pro- 
duction of such “iodized” milk is inad- 
visable and unnecessary. The use by hu- 
mans of iodized salt as insurance against 
goiter is much cheaper, and the dosage 
of iodine in this form can be much more 
easily standardized. 

In spite of certain advertising claims 
to the contrary, the addition of iodine 


supplements to the rations of dairy cows 
in careful experiments has not been bene- 
ficial in regions where there is no de- 
ficiency of iodine in the soil or water. 
( 171 ) Adding too much iodine to a ra- 
tion is definitely injurious. 

It is of scientific interest, but not 
generally of any practical importance in 
stock feeding that the very small amounts 
. in milk of certain other minerals — man- 
ganese, zinc, copper, molybdenum, and 
boron — can be changed somewhat by the 
supply in the feed. 17 

308. Effect of feed on the vitamin 
content of milk. — The effect of the ra- 
tion upon the vitamin content of milk 
has been considered in the discussions of 
the various vitamins in Chapter VII. It is 
emphasized there that the vitamin A 
value of milk depends on the carotene 
or vitamin A content of the feed. While 
milk will be rich in vitamin A if pro- 
duced by an animal fed a ration having 
plenty of vitamin A value, the amount 
of the vitamin will be low if the ration 
is low in this nutritive essential. 

The vitamin A value of milk is of 
great importance, not only from the 
standpoint of the value of milk for hu- 
mans, but also in raising livestock. In- 
formation is therefore given in Chapter 
XXV concerning the vitamin A value of 
milk produced by cows under various 
conditions. (1044) 

It has been explained in Chapter 
VII that the vitamin D content of milk 
is not high from cows fed any ordinary 
rations. Any considerable increase can 
be made only by feeding cows large 
doses of vitamin D in such a form as ir- 
radiated yeast. 

The content of B-complex vitamins 
in the milk of non-ruminants is affected 
considerably by the amounts of these vi- 
tamins in their rations. These vitamins 
are synthesized in the bacterial fermenta- 
tions occurring in the rumen of rumi- 
nants. Therefore ruminants do not 
require them in their feed, and the con- 
tent in their milk does not depend chiefly 
on the amounts in their rations. 

The thiamine content of milk is ra- 
ther low, and the content in cow's milk 
cannot apparently be increased by feed- 
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ing yeast or other feeds rich in the vi- 
tamin. 18 The amount of riboflavin is 
somewhat higher when the ration in- 
cludes a liberal supply of feeds rich in 
the vitamin, such as green pasturage or 
other green forage. 19 

Milk contains but little vitamin C, 
and it is apparently impossible to in- 
crease the vitamin C content of cow’s 
milk by the use of feeds rich in the vi- 
tamin. 20 

II. The Production of Work 

309. The source of muscular en- 
ergy. — Carbohydrates are the primary 
and the most efficient source of energy 
for muscular work. However, fat and pro- 
tein can also be used indirectly, prob- 
ably through previous formation of car- 
bohydrates from these nutrients. Under 
normal conditions, the carbohydrates and 
the fat of food are first used, and little 
more or no more protein is broken down 
than during rest. Should the carbohy- 
drates and fats of the food not furnish 
enough energy, the body fat is next used. 
Finally, as a last resort, the muscles or 
other protein tissues can be called upon, 
if the energy can be secured from no 
other source. 

Since the greater part of the food of 
farm animals consists of carbohydrates, 
most of their muscular energy undoubt- 
edly comes from this source. Also, carbo- 
hydrates are apparently the most efficient 
source of energy for the production of 
work. 

310. Production of muscular work. 
— We know that in doing work the mus- 
cles of the body contract; that is, become 
shorter and thicker. However, there is 
still some question as to the manner in 
which the energy of the food nutrients 
is converted into muscular movements. 


trients used up in the muscular contrac- 
tions is changed into the mechanical 
work produced, while part is set free as 
heat. This latter part is waste energy. 

During rest, glycogen is stored in* 
the muscles, forming from 0.5 to 0.9 per 
cent of the weight of well-nourished 
muscle when resting. A smaller amount 
of glucose is also stored in the muscles. 
During muscular activity, the stored gly- 
cogen is used up in proportion to the 
severity and duration of the work, and 
after prolonged hard work the -supply 
may be entirely exhausted. Though -the 
amount of glycogen in the muscp% |is- 
sues at any one time is small, It ^Re- 
plenished from the supply of glucose 
that is continuously brought to them in 
the blood. 

Physiologists have conducted pains- 
taking experiments in an endeavor to 
determine the chemical processes that 
occur in muscular contraction. However, 
opinions still differ as to the exact reac- 
tions which occur. The theory most com- 
monly accepted is that muscular contrac- 
tion is not caused by energy furnished 
directly by the oxidation of glycogen or 
other nutrients. 21 Instead, the energy 
needed for the contraction apparently 
comes from the sudden break down of 
an organic phosphorus compound in the 
muscle. In this part of the process no 
oxygen is used up. Another organic phos- 
phorus compound also seems to be in- 
volved in the process. 

During the relaxation of the muscle, 
these organic phosphorus compounds are 
formed again. The necessary energy for 
their formation is furnished by a con- 
version of glycogen into an organic acid 
(lactic acid or pyruvic acid) and oxida- 
tion of the organic acid to carbon dioxide 
and water. 



Yet some of the processes that take place The first: part of the process in mus- 

are definitely known. cular contraction is therefore somewhat 

In muscular work the glycogen, or similar to the release of energy by a 

animal starch, which has been stored in storage battery. It is not like the pro- 

the muscles during rest, is used up. In- duction of mechanical energy by a steam 

creased amounts of oxygen are taken up engine, where the fuel is burned (oxi- 

from the blood, and the amount of car- dized) before the work is performed, 

bon dioxide produced in the body is in- The oxidation of nutrients in work oc- 
ereased in proportion to the amount of curs after the muscular contraction, in 
work done. Part of the energy in the nu- the recovery phase of the process. 
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It is for this reason that an animal 
can perform for a few minutes several 
times the normal amount of work. For 
example, a man can temporarily do 
mechanical work at the rate of a full 
horse power. This requires several times 
as much energy as could be liberated 
by the direct oxidation of nutrients with 
all the air a man can possibly breathe in 
per minute. 

311. Nutrient requirements for work 
animals. — The chief need in rations for 
work animals is a sufficient supply of 
feeds rich in total digestible nutrients or 


for work production depends on the 
amount of net energy it yields. This is 
because the energy used up in the heat 
increment, or so-called work of digestion, 
is all converted into heat, and is wasted 
so far as the production of work or the 
formation of body tissues is concerned. 
(68) 

The amounts of digestible nutrients 
or net energy that are required for any 
* particular work animal will depend on 
the amount of labor performed. Accord- 
ingly, the proportion of concentrates in 
the ration must be increased as the work 


Horses at Hard Work Require Much Net Energy in Feed 

On account of the large amount of energy they expend in the work they perform, horses 
at hard work must receive a liberal amount of concentrates high in net energy. 


net energy. A mature animal needs dur- 
ing work but little more protein, min- 
erals, and vitamins than are required for 
satisfactory maintenance at rest. The re- 
quirements for work therefore differ 
greatly from those for growth, for milk 
production, or for wool production. 

A young work animal that is still 
growing needs more feed than a mature 
animal doing the same work. Also, the 
requirements of a brood mare are in- 
creased during pregnancy and especially 
when suckling her foal. It is important 
that both these classes of work animals 
have plentiful supplies of protein, min- 
erals, and vitamins. 

The value of any particular feed 


becomes harder. For severe work, horses 
and mules must be fed a liberal amount 
of such concentrates as the farm grains. 
On the other hand, animals doing light 
work can be fed mostly on roughage. 

Many investigations have been con- 
ducted to find whether there is any in- 
crease in the amount of protein broken 
down in the body during work, pro- 
vided there are abundant supplies of 
carbohydrates and fat. Opinions on this 
question still differ, but it is agreed, at 
least, that even during hard work there 
is no marked increase in the amount of 
protein used in the body, if the amounts 
of other nutrients are ample. 

For this reason, a mature animal 
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needs during work but little more pro- 
tein than is required for satisfactory 
maintenance at rest. However, as has 
been shown in Chapter IV, the digesti- 
bility of a ration is usually decreased 
when the proportion of protein is too 
low. Also, it is believed that a supply of 
protein somewhat above the minimum 
requirements tends to give work animals 
better life and spirit. These factors have 
been taken into consideration in the rec- 
ommendations made in the Morrison 
feeding standards. (Appendix Table III.) 

The mature animal when at work 
does not need a much greater amount 
of minerals or vitamins than when merely 
being maintained at rest. However, since 
a long life of usefulness is important, it 
is wise to be sure that there is a plentiful 
supply of these nutrients in the ration. 

Detailed discussions of the nutrient 
requirements of work horses and mules 
are given in Chapter XXXII. Typical ra- 
tions which are adapted to various sec- 
tions of the country are recommended in 
Appendix Table VII for idle animals 
and for those performing light, medium, 
and hard work. 

312. Efficiency of the animal as a 
machine. — It is shown in Chapter XXXII 
that when horses work at the usual rates 
they convert into the actual work pro- 
duced, about 20 to 25 per cent of the 
energy they expend during the time they 
are working. The rest of the energy is 
wasted in the form of heat. 

These figures do not take into ac- 
count the energy lost in the undigested 
part of the feed and the energy used in 
maintaining the body when the horse is 
not working. Allowing for these, a horse 
doing a full day's work will turn about 
9 per cent of the total energy in the feed 
it eats into actual useful work, such as 
hauling a load. This efficiency is not far 
below that of the best gasoline tractors. 

The efficiency of the animal is es- 
pecially striking when it is remembered 
that the tractor is supplied with purified 
fuel (kerosene or gasoline) while the 
horse must secure its energy from crude 
materials, including hay of which only 
about half is actually digestible. Further- 
more, he must digest his feed and 


separate the useful from the waste ma- 
terial. Also, he must make all body re- 
pairs. Last, but not least, he must main- 
tain his body during the part of .the' 24 
hours that he is not working, While all 
expenditures of energy cease when the 
tractor stops work. 

313. Factors influencing' energy re- 
quired for work. — The amount of en- 
ergy required to produce a given amount 
of useful work depends upon many fac- 
tors. Practice in doing a certain kind of 
work lessens the amount of energy ex- 
pended. 

On the other hand, .fatigue greatly 
increases the energy required to d$ a 
task. This is largely due to the fact - that 
with increasing fatigue the muscles nor- 
mally used, and which are thus most effi- 
cient in performing the given work, are 
put out of use by the exhaustion of nu- 
trient reserves or the accumulation of 
waste products. Then other less efficient 
muscles are called upon to a constantly 
increasing degree, and these cannot per- 
form the work so economically. 

Increasing the speed at which the 
work is done also lessens the efficiency 
with which it is performed. This is be- 
cause the work of the heart is increased, 
the body temperature rises, and much 
heat is lost by the evaporation of water 
through the skin and lungs. This de- 
creases the amount of work that a given 
quantity of feed will produce. Further- 
more, when a horse trots or gallops, the 
rise and fall of the body is much greater 
than in walking, and therefore it has 
available for onward movement less of 
the total energy that is expended. 

The portion of the expended energy 
which is converted into useful work 
varies with the build of the animal, the 
development of its muscles, and the 
structure of its limbs. For example, a 
lame horse may use nearly twice as much 
energy in traveling a certain distance as 
one with sound legs. An animal which 
is able to perform one kind of work 
most economically may have to expend 
undue energy at other kinds of work. 
Thus, horses bred for generations to the 
saddle can carry the rider with a smaller 
expenditure of energy than those whose 
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breeding and form specially fit them for 
draft purposes. 

, ; Additional discussions of the factors 
: influencing the production of work, as 
applied ‘to horses, are given in Chapter 

xxxn: 

III, Wool Production 

314. Composition of wool. — Wool 
fibers are practically pure protein and 
are of the same chemical composition as 
hair, but they differ from hair in being 
covered with minute overlapping scales. 



Wool Fibers 

Appearance of fibers, greatly magnified, 
after dirt and yolk have been removed. Left, 
fiber of Merino wool; right, fiber of Down 
wool. Note the overlapping scales covering 
the fibers. 

These give wool its characteristic valu- 
able properties as a textile. In addition to 
the wool fibers, raw wool contains a 
large proportion of adhering material 
which must be removed by scouring be- 
fore the wool is manufactured into cloth. 

Most raw wool shrinks 50 to 65 per 
cent on being scoured. In other words, 
only. 35 to 50 lbs. of dry, clean wool 
fiber are secured from each 100 lbs. of 
raw wool. The shrinkage is made up of 
wool grease, suint, dirt, adhering chaff 
or other plant material, and moisture. 
The value of a fleece of wool depends 
first of all on the weight of clean, scoured 
wool it will yield, and then on the na- 
ture and quality of the wool fiber. 

The shrinkage is greater for fine 
wool than for coarser wool, as fine wool 
contains much more grease. It is usu- 


ally higher for wool from range sheep 
than from those kept under farm condi- 
tions, as the range wool usually carries 
more dirt and extraneous material. 

The wool grease is important in 
protecting the fiber from injury by the 
weather. It is largely made up of combi- 
nations of cholesterol with fatty acids, 
and is therefore not a true fat. The suint 
is chiefly composed of potassium salts of 
various fatty acids. As it is soluble in 
water, there is less in sheep exposed to 
the weather. The term "yolk” is applied 
to the wool grease and suint combined, 
and sometimes to the wool grease alone. 

315. Requirements for wool produc- 
tion. — Because of the wool they produce, 
sheep need a somewhat larger supply 
of protein and also of total digestible 
nutrients than do cattle or swine at the 
same stage of maturity. This is taken 
into consideration in the feeding stand- 
ards for the various classes of sheep. 
(Appendix Table III.) For growing 
lambs, pregnant ewes, and ewes suckling 
lambs, there is a double need for protein. 
The nutrient needs of sheep and lambs 
are discussed in detail in Chapters XXX 
and XXXI. 

The mohair produced by Angora 
goats has the same general chemical com- 
position as wool fiber, though differing 
in structure. Therefore the nutrient re- 
quirements of these goats are similar to 
the requirements of sheep. The require- 
ments of milk goats, on the other hand, 
resemble those of dairy cows. 

Sickness, undue exposure, or a de- 
cided lack of feed will decrease the 
yield of wool, will produce smaller and 
weaker fibers, and will sometimes even 
cause weak spots in the fibers. 22 Wool 
that has a weak spot is said to have a 
""break” or to be ""tender.” Unless the 
undernutrition is severe, the amount of 
yolk (wool grease plus suint) will be 
decreased more than the yield of scoured 
wool. 

In a California trial sheep produced 
more than three times as much scoured 
wool when fed a liberal fattening ration 
for 6 months as when poor-quality al- 
falfa hay was fed in amounts not quite 
sufficient to maintain their weights. 23 The 
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wool fibers were only half as strong on 
the sub-maintenance ration, and they 
were seriously lacking in crimp. In a 
Nebraska trial lambs fed a liberal ration 
for about a year produced more than 
twice as much scoured wool as others 
given slightly less than a maintenance 
ration. 24 The wool fibers produced on the 
scanty ration were shorter and much 
smaller in diameter. 

Exposure and insufficient feed, such 
as sheep are often subjected to under 
range conditions during the winter, will 
considerably reduce the yield of scoured 
wool, in comparison with the yield under 
better conditions of feeding and shelter. 25 
Louisiana experiments show that serious 
underfeeding of sheep may even cause 
shedding of the wool, which sometimes 
occurs in sheep, even when not infected 
with scab. 26 

If lambs are fed so that they make 
rapid gains, they will have larger bodies 
at a given age and be more mature than 
if fed somewhat less liberally. They will 
consequently shear heavier fleeces. 

In most of the tests that have been 
reported, ewes have had heavier fleeces 
at 2 to 3 years of age than as yearlings. 27 
Rambouillets reach maximum fleece 
weights somewhat later than the mutton 
breeds. After 3 to 4 years the fleece 
weight gradually declines with increas- 
ing age. In Texas studies the diameter 
of the wool fibers of RambouilJet sheep 
remained relatively constant throughout 
the useful life of the sheep. The length 
of the fibers was greatest the first year 
and declined after the fourth year. 28 
Ewes producing lambs yielded slightly 
less wool than did ewes that had no 
lambs, and their wool was a trifle shorter. 

QUESTIONS 

1. Describe the structure of the udder, and 

tell what is known about the manner 
in which milk is secreted. 

2. What is probably the source of the fol- 

lowing constituents of milk: (a) Pro- 
tein; (b) fat; (c) lactose? 

3. When is milk secreted? 

4. Describe the development of the mam- 

mary gland after the animal reaches 
sexual maturity; after pregnancy oc- 
curs. 


5. Discuss the use of hormones to cause 

milk production. 

6. Compare the nutrient requirements of a 

lactating animal with the requirements 
for maintaining a mature animal. Con- 
sider protein, minerals, vitamins, and 
total digestible nutrients or net energy 
in your discussion. 

7. Discuss the protein requirements for 

milk production. About how much di- 
gestible protein does a dairy cow re- 
quire in her feed, in addition to the 
maintenance requirement, for each 
pound of protein she produces in her 
milk? 

8. Discuss the total digestible nutrient or 

net energy requirements for milk pro- 
duction. f |P 

9. From what food sources can the fkt in 

milk be formed? Of what importance 
is the percentage of fat in a concen- 
trate mixture for dairy cows? 

10. To what extent can the composition of 

milk be changed by the feed an ani- 
mal receives? Consider: (a) Protein; 

(b) percentage and character of fat; 

(c) lactose; (d) minerals; (e) vita- 
min A value. 

11. From what food nutrients can muscular 

energy be produced? 

12. Describe some of the chief processes that 

occur in the production of muscular 
movements. 

13. Compare the requirements for a work 

animal with those for maintaining the 
same animal when idle, considering: 
(a) Total digestible nutrients or net 
energy; (b) protein; (c) minerals and 
vitamins. 

14. Discuss the efficiency of the animal as a 

machine for the production of work. 

15. What are the effects of fatigue, speed, 

lameness, and build of the animal on 
the economy with which work is pro- 
duced? 

16. Of what is wool composed? 

17. Discuss the food requirements for wool 

production, and state what effects un- 
favorable feed or conditions may have 
upon wool. 


Aver 
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1. For further information on the structure of the 
udder and the physiology of milk secretion 
see: Espe, Secretion of Milk, 3rd Ed., 1946; 
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CHAPTER XI 

BALANCED RATIONS— FEEDING STANDARDS 



I. Balanced Rations 


316. Purpose of feeding standards; 
— To guide farmers in selecting properly 
balanced rations for their livestock, scien- 
tists have prepared feeding standards. 
These are tables stating the amounts of 
nutrients which, it is believed, should be 
provided in rations for farm animals of 
the various ages and classes in order to 
secure the best results. 

Before reviewing the history of feed- 
ing standards and comparing the recom- 
mendations made by various scientists, 
let us compute a ration, balanced accord- 
ing to the recommendations of a feed- 
ing standard, to show how these aids in 
stock feeding are used. We will compute 
the ration according to the total digest- 
ible nutrient method, as this is the 
method most commonly used in the 
United States. 

Previous to computing a ration for 
any class of stock, one should be sure 
that he has in mind the general require- 
ments of satisfactory rations for that class 
of stock. These are discussed in the re- 
spective chapters of Part III. 

317. A balanced ration for a dairy 
heifer. — Let us assume that a dairy 
farmer wishes to compute a balanced 
winter ration for a dairy heifer weigh- 
ing 400 lbs., which is no longer being 
fed milk. He has available plenty of good 
alfalfa hay, ground corn grain (No. 2 
grade), and ground oats. A study of 
the practical recommendations in Chap- 
ter XXVII for feeding dairy heifers 
shows that these feeds, in proper combi- 
nation, are excellent for this purpose. - 
The next step is to find the amounts 3 
of nutrients recommended for heifers of 1 
this age in an up-to-date feeding stand- 1 
ard. By turning to Appendix Table III, i 
which presents the complete Morrison i 
feeding standards, we find that the rec- £ 
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ommendations ‘for a 400-lb: d&®^^|er 
per head daily; 'according to ’ MBB H mn- 
ards, are as follows: Dry ■ ma^ ^K || to 

0.87 lb.; and total di^ttie nutrients, 

‘ 6.0 to 7.0 lbs. - V\ ;Sr . 

The standards also show th^t .the 
: ration for such a heifer should . %htain 
• 13 grams (0.029 lb.) of calcium; Q^^ms 

(0.020 lb.) of phosphorus, and 24%illi- 
grams of carotene. We will -first compute 
a balanced ration that meets' the recom- 
mendations for digestible pnbtein and 
total digestible nutrients, and tfen see 
if it supplies sufficient calcium, phos- 
phorus and carotene. 

The Morrison feeding standards also 
state the amounts of net energy, ex- 
pressed in therms, that are recommended 
for the various classes of animals. These 
net energy recommendations are used, 
instead of the amounts of total digestible 
nutrients, if one wishes to compute a 
ration according to the net energy sys- 
tem. (68) They are not used at all in 
computing a ration according to total 
digestible nutrients. 

The amounts of dry matter recom- 
mended dn the standard mean that a 
heifer of this size has a digestive tract 
that is sufficiently large for her to con- 
sume 9.1 to 11.4 lbs. of dry matter a 
day in her feed. This amount of feed 
should furnish 0.76 to 0.87 lb. digestible 
protein and 6.0 to 7.0 lbs. total digestible 
nutrients. 

For two different reasons, a range 
is indicated in the amounts of digestible 
protein, of total digestible nutrients, and 
of dry matter recommended in the Mor- 
rison standards. First, economic condi- 
tions should determine whether it is bet- 
ter to use the lower or the higher figures 
for digestible protein or for total digest- 
ible nutrients. When protein-rich feeds 
are not unduly expensive, the author be- 


I 
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50.7 per cent of total digestible nutrients. 

According to the standards, the heifer 
should receive 6.0 to 7.0 lbs. of total 
digestible nutrients a day. As we desire 
the heifer to make excellent growth, we 
will feed her a ration that will supply 
about 7.0 lbs. of total digestible nu- 
trients. 

Since each pound of hay furnishes 
0.507 lb. of total digestible nutrients, the 
Amount of hay needed to provide ap- 
proximately this amount of total digest- 
ible nutrients can be found by dividing 
7.0 lbs. by 0.507 lb. This gives a result 
of 13.8 lbs. This amount of hay will fur- 
nish the amounts of dry matter and di- 
gestible nutrients shown in the table; 


( First trial ration for 4004b. 

dairy heifer 


Dry 

Digestible 

Total 

matter 

protein 

digestible 

nutrients 

Lbs. 

Lbs. 

Lbs. 

Requirements 9.1-11.4 

0.76-0.87 

6. 0-7.0 


Alfalfa hay, 13.8 lbs 

The second reason for having a 
range in the amounts of nutrients recom- 
mended in the standards is that feeding 
standards can be only approximate 
guides. It has been pointed out in previ- 
ous chapters that individual lots of the 
same kind of feed may differ consid- 
erably in chemical composition and in 
feeding value. Also, individual animals 
differ in ability to digest and utilize 
feeds. 

In general, a ration made up of 
suitable feeds will be satisfactory, if the 
amounts of dry matter and of digestible 
nutrients fall within the limits set in 
the standard for that particular animal. 

318. Computing the ration. — Be- 
fore proceeding to compute a balanced 
ration, one should first write down in 
tabular form the requirements for the 
particular animal, as in the following 
table. 

Let us next see how nearly a ration 
of only alfalfa hay would come to meet- 
ing the requirements for this heifer. Ap- 
pendix Table I shows that alfalfa hay 
of average quality (alfalfa hay, all analy- 
ses) supplies 90.5 per cent of dry matter, 
10.9 per cent of digestible protein, and 


12,5 1.50 7.00 

This ration supplies even more di- 
gestible/ protein than necessary and fur- 
nishes 7.00 lbs. of total digestible nu- 
trients, but it is too high in dry matter. 
This means that the ration is too bulky 
and that it is too low in digestible nu- 
trients per pound of dry matter. In other 
words, the heifer will not be able, to., eat 
enough hay to meet’ fully her need for 
total digestible nutrients. To make the 
ration satisfactory, it is therefore neces- 
sary to replace part of the hay by grain 
of other concentrates. 

In the discussion of rations for dairy 
heifers in Chapter XXVII, it is stated 
that when heifers of this age are fed 
good roughage, an allowance of 2 to 4 
lbs. of concentrates per head daily should 
be enough. (1149) It is also stated there 
that, when, heifers are fed plenty of leg- 
ume hay as the only roughage, grain 
alone is satisfactory for the concentrates. 

Let us therefore see if the require- 
ments will be met fully, if we use 3 lbs , 
of a mixture of one-half ground corn 
(Grade No. 2) and one-half ground 
pats, and reduce the amount of hay, so 
that the amount of total digestible nu- 
trients will be about the same as before. 


, ljeves *it is best to supply enough digest- 
1% protein to meet the higher recom- 
$ndatfty&s. On the other hand, when 
btein supplements -are unusually high 
, p^ce ? 4 ’ it, ; may , / be more economical to 
,,pnly . enough digestible protein 
tie lower recommendations, 
^rly/ the author believes that 
‘Will generally be best when 
re fed the higher amounts of 
foble nutrients . stated in the 
jjjjtfeV.er, when grain and 
are: unusually expen- 
compar® f^th roughages, it will be 
oxe economical to follow the lower 
iendatiohs and feed less concen- 
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This will make possible the reducing of grams of carotene, which is more than 
the hay allowance to 9.4 lbs. a day. The three times the minimum stated in the * 
ration will then provide the following: standard. In addition, if the com is yel- « 

Balanced ration for 4004b. dairy heifer 


Requirements 

Dry 

matter 

Lbs. 

. . . 9.1-11.4 

Digestible 

protein 

Lbs. 

0.76-0.87 

Total 

digestible 

nutrients 

Lbs. 

6 0-7.0 

Ration 




Alfalfa hay, 9.4 lbs 

. . . * 8.51 " 

1.02 : 

4.77 

Com, No. 2, 1.5 lbs 

1.28 

0.10 

1.20 

Oats, 1.5 lbs 

1.35 

0.14 

1.05 

Total 

11.14 

1.26' 

7.02' 


This ration supplies 7.0 lbs. total 
digestible nutrients, and the amount of 
dry matter comes within the range in- 
dicated in the standard. The amount of 
digestible protein is considerably higher 
than necessary, but this surplus, -0.f. pro- 
tein will not be at all detrimental. 

(108)' ~ 

We should next see whether this ra- 
tion provides sufficient calcium, phos- 
phorus, and carotene. The percentages 
of calcium and phosphorus in these feeds 
are given in Appendix Table I and the 
amounts of carotene, expressed in terms 
of milligrams per pound, in Appendix 
Table V. From these data, we will find 
on computation that this ration supplies 
0.140 lb. of calcium, while the require- 
ment is only 0.029 lb. There is there- 
fore an abundance of calcium. This is 
due to the high calcium content of al- 
falfa hay. 

The ration has 0.032 lb. phosphorus, 
which is well above the requirement of 
0.020 lb. 

If the alfalfa hay is of reasonably 
good quality, it should supply 9 milli- 
grams of carotene per pound. The 9.4 
lbs. of hay would thus furnish 84.6 milli- 


low com, it will supply some carotene. 
Oats have practically no carotene. */ ' 

There is therefore no need; ^ any 
additional supply of calcium, 'phos- 
phorus, or carotene. 

319. A balanced ration with rough- 
age low in protein. — If good legume 
hay had not been used as the only rough- 
age or at least as the chief roughage for 
this heifer, it would have been neces- 
sary to feed a protein supplement to 
balance the ration. Let us suppose, for 
example, that only timothy hay and corn 
silage are available for roughages. Tim- 
othy hay of the usual quality is not very 
good as the only roughage for heifers, 
but satisfactory results can be secured, 
when it is combined with corn silage, 


*9 Th ? re is r _^ ere ’ and when sufficient protein supplement 
e of calcium. This is { $ f ec [. r rr 

calcium content of al- Let us then see how nearly the re- 

AAQon , , quirements for this heifer will be met 

5 0.032 lb. phosphorus, by a ration of 6.0 lbs. of timothy hay 
^e requirement of (average of all analyses in Appendix 
Table I), 10.0 lbs. of corn silage (corn 
hay is of reasonably silage, dent, well-matured, recent analy- 
tiould supply 9 milli- ses), and the same amounts of corn and 
per pound. The 9.4 oats as in the preceding ration. We will 
hus furnish 84.6 milli- then have the following: 

Ration too low in protein for 4004b. heifer 


Ration 

Timothy hay, 6.0 lbs. 
Corn silage, 10.0 lbs. 
Com, No. 2, 1.5 lbs. , 

Oats, 1.5 lbs 

Total 


Dry 

matter 

Lbs. 

9.1-11.4 

Digestible 

protein 

Lbs. 

0.76-0.87 

t Total 
digestible 
nutrients 
Lbs. 

6.0-7.0 

5.34 

0.18 

2.95 

2.76 

0.12 

1.83 

1.28 

0.10 

1.20 

1.35 

0.14 

1.05 

10.73 

0.54 

7.03 
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This ration falls considerably be- 
low the requirements in digestible pro- 
|. tein. To balance it, let us replace some 
• of the corn-and-oats mixture with linseed 
meal (linseed meal, expeller or hydraulic 
. ^ process, average of all analyses, in Ap- 
pendix Table I ] . 

The next step is to find how much 
of the corn-oats mixture must be re- 
placed by linseed meal. The ration has 
only 0.54 lb. digestible protein. To bring 
it up to the higher allowance recom- 


several combinations of feeds, before one 
finds the proper mixture to balance the 
ration. Time can also often be saved by 
using this method of computation, when 
the ration is either too low or too high 
in total digestible nutrients, and one 
wishes to make a certain definite change 
in the amount of total digestible nutri- 
ents by changing the proportions of 
youghage and concentrates. 

The following table shows that this 
ration meets the requirements: 


Second balanced ration for 4004b. heifer 


Timothy hay, 6.0 lbs. 
Corn silage, 10.0 lbs. 
Corn, No. 2, 0.75 lb. 

Oats, 0.75 lb 

Linseed meal, 1.5 lbs. 
Total 


Dry 

Digestible 

Total 

matter 

protein 

digestible 

nutrients 

Lbs. 

Lbs. 

Lbs. 

9.1-11.4 

0.76-0.87 

6.0-7.0 

5.34 

0.18 

2.95 

2.76 

0.12 

1.83 

0.64 

0.05 

0.60 

0.68 

0.07 

0.53 

1.37 

0.46 

1.13 

10.79 

0.88 

7.04 


mended in the standard, the amount of 
digestible protein must be increased by 
0.33 lb. (0.87 lb. - 0.54 lb. = 0.33 lb.) 

The 3 lbs. of corn-and-oats mixture 
has a total of 0.24 lb. digestible protein 
(0.10 lb. + 0.14 lb. = 0.24 lb.). There- 
fore, each pound of this mixture supplies 
0.08 lb. digestible protein. 

Appendix Table I shows that aver- 
age linseed meal has 30.6 per cent di- 
gestible protein. Each pound thus fur- 
nishes 0.306 lb. digestible protein. 

By replacing 1.0 lb. of the corn- 
oats mixture with 1.0 lb. of linseed 
meal, the amount of digestible protein 
will be increased 0.226 lb. (0.306 lb. — 
0.080 lb. = 0.226 lb.). To find the 
amount of linseed meal that we must 
substitute for the corn-oats mixture, we 
divide 0.33 lb. (the increase needed) by 
0.226 lb. (the increase made by substi- 
tuting 1.0 lb. of linseed meal for 1 lb. 
of the corn-oats mixture). This gives us 
1.5 lbs. as the answer. Thus to balance 
the ration in protein, it will be necessary 
to replace 1.5 lbs. of the* corn-oats mix- 
ture with 1.5 lbs. of linseed meal. 

If some such method is not used to 
find how much protein supplement is 
needed, it is often necessary to try out 


This ration should be satisfactory, 
but it is not so good as a ration contain- 
ing some legume forage. 

It will be found on computation 
that this ration supplies an abundance 
of phosphorus, because of the high phos- 
phorus content of linseed meal. It is 
stated in Chapter XXVII that there will 
generally be no lack of calcium for heif- 
ers fed plenty of roughage, even when 
it is non-legume, unless the soil is un- 
usually low in calcium. (1116) By com- 
putation, it will be found that, accord- 
ing to average analyses, this ration sup- 
plies 0.037 lb. calcium, which is slightly 
above the requirement in the standard. 
However, when heifers are fed no leg- 
ume forage whatsoever, it may be wise 
to supply a calcium supplement, to 
guard against a possible deficiency, if 
the hay and silage are lower than aver- 
age in calcium. 

Because of the good carotene con- 
tent of corn silage, the ration will pro- 
vide ample carotene. 

320. “Square” method of balancing 
ration. — Another method of determining 
how much protein supplement is needed 
to balance a ration is the “square” 
method, which is used at milk plants to 
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find what proportions of milk and heavy 
cream, the fat percentages of which are 
known, are needed to make cream or 
milk containing a certain desired per- 
centage of fat. 

Let us employ this method to find 
what proportions of linseed meal and of 
the corn-oats mixture are needed to bal- 
ance the same allowances of roughages 
used in the previous ration. The preced; 
ing table shows that the combination of 
6.0 lbs. timothy hay and 10.0 lbs. corn 
silage furnishes a total of 0.30 lb. di- 
gestible protein. 

To provide 0.87 lb. digestible pro- 
tein in the entire ration, the concentrates 
must therefore provide 0.57 lb. digestible 
protein. If 3 lbs. of concentrate mixture 
are fed a day, each pound of the mixture 
must have 0.19 lb. digestible protein, or 
the percentage of digestible protein must 
be 19.0 per cent. 

The question is, what proportions 
of linseed meal, having 30.6 per cent 
digestible protein, and of the corn-oats 
mixture, which we have previously found 
to have 8.0 per cent digestible protein, 
will give a mixture with 19.0 per cent 
digestible protein? 

To use the “square” method, set 
down the percentages of digestible pro- 
tein in the two components of the mix- 
ture at the left hand corners of a square. 
Connect the diagonal corners of the 
square with lines, and set down the de- 
sired percentage of protein in the center. 

Then follow along the diagonal lines 
and set down in the right hand corners 
the differences between the figures at the 
left-hand corners and the figure in the 
center. The square will then appear as 
follows: 


\ / 

\ ✓ 

\ ✓ 

\ / 
x 

/ \ 

^I9.0\ 

/ \ 


8.0 n .6 

The figures at the right-hand cor- 
ners show the proportions of linseed meal 





and of the corn-oats mixture it will take ’ * 
' to give a digestible-protein content of 
19.0 per cent. The number showing th * . 
parts of linseed meal in the mixture is 
directly opposite the percentage of "pro- 
tein in linseed meal, and the number 
showing the parts of the corn-oats mix- 
ture is opposite .the percentage of pro- 
tein in this * mixture. ■ ” 

it is found by this simple methqd 
that a mixture, composed of 11.0 parts 
or pounds of linseed meal and 11.6 parts 
or pounds of the corn-oats mixture will 
have the desired digestible protein con- 
tent of 19.0 per cent. There will be 11.0 
parts plus 11.6 parts, or 22.6 parts in the 
total combination. 

The number of pounds of ’'linseed 
meal in 100 lbs. of the mixture is found 
by dividing 11.0 by 22.6 and multiply- 
ing the quotient by 100. This gives us ‘ 
48.7 lbs. of linseed meal in 100 lbs. of 
mixture. The rest, or 51.3 lbs., is the 
combination of one-half corn and one- 
half oats. 

To simplify making up the mixture, 
it will be accurate enough if it is made 
up of 50 lbs. linseed meal, 25 lbs. 
ground corn, and 25 lbs. ground oats. It 
will be found that such a mixture, made 
from feeds of average composition, will 
supply 19.3 per cent digestible protein. 

The protein requirements will therefore 
be met well if 3 lbs. per head daily of 
this mixture are fed. 

321. Finding the formula for a con- 
centrate mixture. — In the practical feed- 
ing of livestock, it is not necessary to 
compute balanced rations for the individ- 
ual animals in the herd or flock. Instead, 
a ration is found that will provide the 
proper amounts of nutrients for the aver- 
age animal. Then, the amount of con- 
centrates, or of both concentrates and 
roughage, may be varied for the various 
animals. 

For ex^nple, in feeding a herd of 
dairy cows y the same concentrate mix- 
ture, or so-called “grain mixture,” is 
generally used for all the cows, except 
perhaps for those that are exceptionally 
high producers. However, the amount 
of the concentrate mixture fed each cow 
should depend on her actual milk pro- 
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duction, as - is emphasized in Chapter 
XXV. 

The Grain Feeding Tables, given in 
Appendix Tables Villa and VUIb, state 
definitely the amounts of grain mixture, 
*or concentrate mixture, needed, daily by 
cows producing different amounts of milk 
of {he various fat percentages, and when 
supplied with different qualities and 
ambunts of roughages. One of these 
tables is for barn feeding -and the other 
for cows on different qualities of pasture. 
The use qf these tables and the Example 
Bations given in Appendix Table VII will 
|ave much time in computing balanced 
rations for dairy cows. 

Formula for a concentrate mix- 
ture. — To illustrate the way the formula 
for a . concentrate mixture is found, let 
us compute a concentrate mixture, made 
up of ground corn, ground oats, wheat 
bran, and. soybean oil meal, for feeding 
the same age of dairy heifers as in the 
previous example. We will use the same 
roughages as in the preceding example 
— 6 lbs. of average timothy hay and 10 
lbs. of well-matured corn silage. 

We have seen in the preceding ex- 
amples that 3 lbs. of a concentrate mix- 
ture are sufficient for such heifers. Also, 
in the ration with timothy hay and corn 
silage for roughage, it has been shown 
that to meet the higher protein recom- 
mendations in the standard, the concen- 
trate mixture should have about 19.0 


of digestible protein. We will first try a 
mixture of 25 lbs. of each of these feeds. 
From Appendix Table I, we find that 
this mixture will supply the following 
amounts of digestible protein: 

Digestible 

protein 

Lbs. 

Corn, No. 2, 25 lbs 1.68 

Oats, 25 lbs 2.35 

Wheat bran, 25 lbs 3.33 

Soybean oil meal, 25 lbs. ....... 9.23 

16.59 

Since 100 lbs. of this mixture con- 
tain 16.59 lbs. of digestible protein, the 
percentage of digestible protein is 16.59 
per cent. This is somewhat less than is 
needed. We must therefore increase the 
proportion of a protein-rich feed in the 
mixture and decrease the amount of an- 
other feed correspondingly. 

We desire to feed as large a propor- 
tion of home-grown corn and oats as pos- 
sible. Since soybean oil meal is much 
richer than wheat bran in protein, we 
will increase the soybean oil meal and 
reduce the wheat bran. By trying out 
various combinations, we find that a mix- 
ture of 25 lbs. ground corn, 25 lbs. 
ground oats, 14 lbs. bran, and 36 lbs. 
soybean oil meal will have the desired 
percentage of digestible protein. 

Let us now find the percentages of 
dry matter and of digestible nutrients in 
the concentrate mixture. This is done as 
follows: 


Finding the composition of a concentrate mixture 



Dry 

Digestible 

Total 


matter 

protein 

digestible 

nutrients 


Lbs. 

Lbs. 

Lbs. 

Com, No. 2, 25 lbs 

21.25 

1.68 

20.03 

Oats, 25 lbs 

22.55 

2.35 

17.53 

Wheat bran, 14 lbs 

12.61 

1.86 

9.37 

Soybean oil meal, 36 lbs 

32.90 

13.28 

28.30 

In 100 lbs. of mixture . . . 

89.31 

19.17 

75.23 


per cent digestible protein. This high 
protein content is needed^ Because no 
legume forage is available# 4 , 

Let us now find the proportions of 
corn, oats, wheat bran (all analyses), 
and soybean oil meal (expeller or hy- 
draulic process, 43 per cent protein guar- 
antee) that will furnish this percentage 


Having found the composition of 
this concentrate mixture, we can use 
these figures in working out a ration, just 
like the figures in Appendix Table I for 
the various single feeds. Let us now 
check this ration to see whether it fully 
meets the needs of 400-lb. dairy heifers. 
We will then have the following: . 


I 




Dry 

matter 

Digestible 

protein 

Total 

digestible 

!• • ■ 

Requirements 

Lbs. 

9.1-11.4 

Lbs. 

0.76-0.87 

nutrients 
Lbs. * 

6.0-7.0 

1 ■? 

Ration 

Timothy hay, 6.0 lbs 

5.34 

0.18 

2,95* 

1 1 

Corn silage, 10.0 lbs 

Concentrate mixture, 3.0 lbs. 

2.76 

0.12 . 

1.83 * : 

i pi'"’ V: ■■ 

2.80 

0.58 * 

2.28 ‘ 

[ 

Total 

10.9Q, 

0,88 ; 

7.04 
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Balanced ration , using preceding concentrate mixture 


This ration fully meets the require- 
ments stated in the standard. 

323. Finding the percentage of 
protein needed in a mixed feed. — If one 
desires to use a commercial mixed feed 
instead of a home-prepared concentrate 
mixture, the question arises as to the 
percentage of protein needed in the 
mixed feed to make a balanced ration 
with the roughage available. 

In the case of most mixed feeds on 
the market, while the percentage of total 
protein is guaranteed, the percentage of 
digestible protein in the feed is not 
stated. Therefore, it is necessary to find 
the approximate percentage of total pro- 
tein required in the mixed feed to make 
a balanced ration with the roughage that 
is to be fed. This can be done as fol- 
lows: 

Let us assume that by such compu- 
tations as in the previous examples, we 
have found that with plenty of good- 
quality mixed clover-and-timothy hay 
and corn silage for roughage, a herd of 
dairy cows needs a concentrate mixture 
having about 14.5 per cent digestible 
protein to make a balanced ration. j 

In most good mixed dairy feeds ap- 
proximately 80 per cent of the total pro- 
tein is digestible. On this basis, the nec- 
essary percentage of total protein in a 
mixed feed may be found by dividing 
14.5 per cent by .80 and multiplying by 
100. This gives us a result of 18.1 per 
cent, which means that a good-quality 
mixed feed which supplies 14.5 per cent 
digestible protein will contain about 18 
per cent total protein. A mixed dairy 
feed that is guaranteed to contain 18 
per cent protein should therefore be sat- 
isfactory for feeding with such roughage. 


324. Guides in selecting efficient 
balanced rations.- 1 — Before attempting to 
compute economical balanced rations fo; 
any class of stock, it is important to read 
the explanations and general hints in the 
following paragraphs and in the next 
chapter. Also, one should study -the? in- 
formation given in Part III on how to 
make up efficient rations for that par- 
ticular class of stock. It is impossible to 
compute satisfactory and economical ra- 
tions if reliance is placed only on the 
amounts of nutrients recommended in 
feeding standards. 

As a guide to students and stock- 
men alike, the author has computed ex- 
ample balanced rations for the different 
classes of stock, which are adapted to 
various conditions. These rations are 
given in Appendix Table VII. Often, one 
will be able to find among these sugges- 
tions a ration that will exactly meet his 
particular conditions. Even when the 
feeds that are available differ somewhat 
from those included in the example ra- 
tions, these rations will serve as con- 
venient guides and will save much time 
in computation. 

Unless a person is experienced in 
stock feeding, he may not know what 
proportions or amounts of roughages and 
concentrates there should be in rations 
for any class of stock. As has already 
been shown in this chapter, the amounts 
of dry matter and of total digestible nu- 
trients recommended in the feeding 
standard for $ a particular kind of stock 
are a guide to the proper proportion of 
roughages and concentrates in the ra- 
tion. 

When the requirement of digestible 
nutrients or of net energy is high com- 
pared with the total amount of dry mat- 
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ter advised, the proportion of concen- 
trates in the ration must be large to meet 
the standard. On the other hand, for 
merely maintaining horses, cattle, or 
sheep the allowance of digestible nu- 
trients or net energy is much smaller, in 
comparison with the amount of total dry 
matter. This is because these animals 
can be maintained largely or entirely on 
roughage. . 

In Appendix Table III there will be 
found, immediately previous to the Mor- 


preparation of feeding standards. The 
recommendations must therefore provide 
a sufficient margin of safety to cover the 
usual variations in the composition of 
feeds and the differences in the individ- 
ual animals to be fed. 

Animals on pasture need a some- 
what greater amount of total digestible 
nutrients per head daily than those con- 
,fined to a stable most of the time. This 
is because of the additional energy used 
up in the muscular work of grazing. 



An Unsatisfactory and Expensive “Balanced” Ration 

This ration of 20 lbs. late-cut timothy hay, 3 lbs. ground corn, 2 lbs. ground oats, 3 lbs. 
wheat bran, and 3.5 lbs. linseed meal, meets the standard for a 1,200-lb. cow yielding 30 lbs. 
of 3.5 per cent milk. However, late-cut timothy hay is a poor roughage for dairy cows, because 
it is unpalatable, poor in protein, and low in total digestible nutrients. A cow will not eat 
as much of such hay as of good-quality hay. Therefore, 11.5 lbs. of concentrates are needed. 
Even then, tire, milk production will be lower than with good roughage. ( From Wisconsin 
Station. ) 


rison feeding standards, convenient 
guides which show the approximate pro- 
portions of roughages and concentrates 
required by the various classes of stock. 
By referring to these guides, much time 
can often be saved in computing bal- 
anced rations. 

II. General Requirements for 
Satisfactory Rations 

325. Feeding standards only ap- 
proximate guides. — It has been shown in 
Chapter IV that there may be consider- 
able difference in the coihposition and 
feeding value of two different lots of the 
same kind of feed. Also, individual ani- 
mals may differ somewhat in their ability 
to digest and utilize feed. These facts 
must be taken into consideration in the 


The author believes that, except 
when protein-rich feeds are unusually ex- 
pensive, it is best to supply about as 
much protein as called for by the higher 
set of recommendations in the standards. 
On the other hand, if protein supple- 
ments are high in price, in comparison 
with grains or other low-protein feeds, it 
will probably be more economical to pro- 
vide no more than the lower amounts of 
digestible protein in the standards. 

When protein supplements are ex- 
tremely high in price, it may be most 
economical to feed slightly less protein 
than called for by the lower set of rec- 
ommendations, even though the rate of 
production may be decreased somewhat. 
At the other extreme, when protein-rich 
feeds are cheaper than those low in pro- 
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tein, it is usually economical to furnish 
even a greater amount of protein than 
stated in the higher set of protein allow- 
ances in the standards. As has been 
shown in Chapter V, any ordinary excess 
of protein is not injurious to farm ani- 
mals. (108) 

326. Quality of protein. — The 
amounts of digestible protein recom- 
mended in the feeding standards for the 
various classes of stock are based on the 
assumption that protein of average qual- 
ity will be furnished. It has been shown 


mal should be such that they will not in- 
jure its health or impair the product 
yielded. Feeds which are suited fo*bne 
class of animals may not be" suitecf to 
others. Again, a given feed may % give 
satisfactory results when combined vpth 
certain feeds, yet in other , combinations 
it may be unsatisfactory. Detailed infor- 
mation is given in * Part II 'concerning 
the value and use of the many feeding 
stuffs for the various classes of stock. One 
can readily learn whether any particul|r 
feed is suitable for a given class of stodc 



A Ration Which Is Good, but Lacks Succulence 

This ration of 25 lbs. good-quality red clover hay, 3 lbs. ground corn, 2.5 lbs. ground oats, 
and 2 lbs. wheat bran furnishes no more total digestible nutrients than the previous one, but 
it will produce more milk, because clover is far superior to late-cut timothy hay as a roughage. 
Only 7.5 lbs. concentrates are needed in this ration. ( From Wisconsin Station. ) 


in Chapter V that the quality of protein 
is of much greater importance in the 
feeding of swine and poultry than for 
cattle, sheep, or horses. (112, 127) The 
only exception is in the case of very 
young calves being raised on a minimum 
amount of milk. In feeding swine and 
poultry it is necessary to give fully as 
much attention to the quality of protein 
in the ration as to the amount. 

Information on the quality of the 
protein in various feeds is presented in 
Chapter V and in the discussions of the 
individual feeds in Part II. Full con- 
sideration has been given to the impor- 
tance of proper quality of protein in the 
rations suggested for the various classes 
of stock in Appendix Table VII and in 
the chapters of Part III. 

327. Suitability of feeds; palata- 
bility. — The feeds selected for any ani- 


by consulting the index to find the pages 
where information about it is given. 

The palatabiiity of the ration is im- 
portant in feeding livestock for produc- 
tion. The wise farmer will utilize feeds 
of low palatabiiity chiefly for animals 
which are being merely maintained, and 
will feed milk cows, growing and fatten- 
ing animals, and horses or mules at hard 
work rations made up mostly of well- 
liked feeds. 

Some concentrates, such as malt 
sprouts and distillers dried grains, which 
may not be relished when fed alone, are 
entirely satisfactory if mixed with better- 
liked feeds. Similarly, if such low-grade 
roughage as straw is combined with good 
hay that provides plenty of vitamins, a 
limited amount can even be fed to dairy 
cows or to fattening cattle and sheep. 

In this country it is not usually ad- 
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visable to use very low-grade roughage 
for stock being fed for production, ex- 


staftd for a few hours, until the rough- 
age* ^becomes softer and more palatable. 

Livestock will* usually yield the 
maximum amount of product only on 
rations made up entirely or chiefly of 
p|Jatable feeds. However, it should be 
horde in mind that an important' func- 


cept.'in emergency. However, in Europe 
such'goughage as straw is often chopped 
andf^hixed with the concentrates, the 
mass being - moistened and allowed to 


it is possible in most sections of the coun- 
try to go far toward providing a well- 
balanced, economical ration. Methods of 
determining which feeds are most eco- 
nomical are described in the following 
chapter. 

III. Feeding Standards 

329. Early feeding standards. — The 
first feeding standards based on the di- 
gestible nutrients in feeds were presented 
by Wolff, a German scientist, in 1864. 
The Wolff standards were modified 



An Excellent and Economical Ration for Milk Production 

This ration of 12 lbs. good-quality red clover hay, 36 lbs. well-eared corn silage, 3 lbs. 
ground corn, 1.5 lbs. wheat bran, ana 2.25 lbs. cottonseed meal is far superior to the first 
ration and even better than the second. The feeds are all palatable and suitable for dairy 
cows, and the silage provides succulence. Only 6.75 lbs. of concentrates are needed with 
the good clover hay and the well-eared corn silage, to- furnish as much total digestible 
nutrients as in the first ration, which has 11.5 lbs. concentrates. (From Wisconsin Station.) 


tion of our farm animals is to convert 
into useful products materials that would 
otherwise be wasted. 

328. Cost of the ration. — The most 
important factor of all for the farmer 
who must depend on the profits from his 
stock for his income, is the cost of the 
ration. In securing a ration which pro- 
vides the nutrients called for by the 
standards and meets the other conditions 
previously discussed lies a great oppor- 
tunity for exercising foresight and busi- 
ness judgment. f/ 

The wise stockman Will consider 
the requirements of his animals in plan- 
ning his crop rotations. Through the use 
of farm-grown grain, legume hay, and 
such cheap succulence as silage from 
corn or the sorghums, or from hay crops. 


somewhat in 1896 by Lehmann, another 
German scientist, as there was then fur- 
ther information concerning the nutritive 
requirements of livestock. These stand- 
ards, known as the Wolff-Lehmann feed- 
ing standards, were widely used for 
many years in Europe and also in Amer- 
ica in computing balanced rations for 
livestock. They have been superseded by 
modern standards. 

Feeding standards based on net 
energy were presented in 1907 by Kell- 
ner in Germany 1 and in 1917 by 
Armsby in this country. 2 It has been ex- 
plained in Chapter III that the Kellner 
standards were expressed in starch val- 
ues, while the Armsby standards were 
stated in therms of net energy. 

In both the Kellner and the Armsby 



J ' U ‘1 .. - • 


FEEDS AND FEEDING 


standards the protein recommendations 
were stated in terms of digestible true 
protein, instead of digestible crude pro- 
tein. These standards did not therefore 
credit the simpler nitrogenous substances 
in feeds with any value as a substitute for 
proteins. This point of view has now gen- 
erally been discarded, as has been men- 
tioned previously. (18) It is therefore 
much preferable to express the protein 
requirements of animals in terms of di- 
gestible protein (digestible crude pro- 
tein), as is done in most of the recent 
feeding standards used in this country. 

330. Later feeding standards. — 
Several different feeding standards for 
dairy cows have been presented by var- 
ious scientists, including Haecker, Eckles, 
Savage, Forbes, Ellett and associates, 
Mollgaard, Brody, Gaines, and Baker. 
Lack of space does not permit a discus- 
sion of the recommendations in these 
various standards. However, it is of es- 
pecial interest to note that Haecker was 
apparently the first to recognize in his 
standards that the amount of nutrients a 
cow requires depends not only on the 
amount of milk she produces, but also 
on its richness in fat. The Scandinavian 
feed unit system has been discussed in 
Chapter III. (84) 

Standards for certain other classes 
of stock have also been prepared by var- 
ious scientists. These are mentioned in 
the chapters of Part III in which the 
nutrient requirements of the various 
classes of stock are considered. 

Fraps of the Texas Station presented 
some years ago feeding standards ex- 
pressed in terms of dry matter, digestible 
crude protein, and productive value, 
stated in therms of net energy. 8 These 
productive values are thus given in the 
same terms as Armsby’s net-energy 
values. 

Recently the National Research 
Council has published a series of reports, 
prepared by special committees, which 
state the amounts of nutrients advised 
for the various classes of farm animals. 4 
The recommendations for the various 
classes of stock are discussed in the re- 
spective chapters of Part III of this 
volume. 


331. The Morrison feeding stand- 
ards.— Until 1915 the old Wolff-Leh- 
mann feeding standards were used more * 
commonly in the United States than any 
others, except for dairy cows.." Iij. comput- 
ing rations for milk production, these T 
German standards had been -.largely re- 
placed by the' more accurate . American 
standards, especially by the Haecker 
standards, the. Savage standards, and the 
Eckles standards. For .other classes of 
stock the Wolff-Lehmann standards were 
commonly used, although they advised 
larger amounts of protein than necessary 
and were not well adapted to American 
conditions. 

At that time the need for modern 
standards for the various classes of stock 
was deeply impressed upon the author 
of this volume. For example, he found 
that certain companies which annually 
fattened thousands of cattle and sheep 
were carefully computing rations with 
these out-of-date standards. In order to 
balance the rations according to these 
standards, they were spending large 
sums of money for entirely unnecessary 
amounts of protein supplements, thus 
considerably reducing their profits. 

Neither the Kellner nor the Armsbv 
feeding standards had been widely 
adopted in this country, for instructors 
and farmers seemed to prefer standards 
based on digestible nutrients instead of 
energy values. The author therefore en- 
deavored to combine in one set of stand- 
ards what seemed in his judgment to be 
the best guides available in the computa- 
tion of rations for the various classes of 
stock. These standards were first pre- 
sented in the fifteenth edition of Feeds 
and Feeding , published in 1915, and 
were then called the “Modified Wolff- 
Lehmann Standards/" They soon came 
to be known as the Morrison feeding 
standards. 

To lessen the work of computing 
rations, the standards were expressed in 
terms of dry .matter, digestible protein, 
and total digestible nutrients, instead of 
giving separate recommendations for di- 
gestible carbohydrates and for digestible 
fat, as in the Wolff-Lehmann standards. 
Also, for the reasons stated previously, in 
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each recommendation in the standards, 
there was a range in the amounts of dry 
matter, digestible protein, and total di- 
gestible nutrients advised, instead of only 
^one figure being given. 

• In ^order to incorporate the results 
of later investigations,- extensive changes 
were made in the standards in 1936, and 
the revised recommendations were pub- 
lished in the 20th editiqn of Feeds and 
Feeding. For those who desired to use 
I net-energy values instead of total di- 
ll gestible nutrients in computing rations, 

TL a column was also added which stated 

r the net-energy allowances advised, ex- 

f pressed in therms. 

" Based upon the further information 

then available concerning the nutrient 
requirements of farm animals, extensive 
changes were made in the standards pre- 
sented in the 21st edition of Feeds and 
Feeding , published in 1948, and addi- 
jj tional changes have been made in the 

I standards given in the present edition. 

I Recommended allowances are now given 

I for calcium, phosphorus, and carotene. 

In revising the standards the author 
has given careful consideration to all re- 
cent publications concerning the nu- 
trient requirements of the various classes 
of livestock. Of especial help in making 
the revisions have been the reports pub- 
lished by the National Research Coun- 
cil, which have been mentioned pre- 
viously. In these reports no range is given 
in the amounts of nutrients recom- 
mended for a particular class of animals. 
In other words, only one figure is given 
for digestible protein or for total diges- 
tible nutrients. For the reasons stated 
previously, the author prefers to give a 
range in the amounts of nutrients ad- 
vised for each class of animal. 

Also, in certain of these reports, the 
total amounts of feed advised are stated 
in terms of 'air-dry feed” instead of in 
terms of dry matter. Since the moisture 
content of dry roughage varies con- 
siderably in various regions, depending 
on the humidity of the air, the author 
prefers to express recommendations in 
terms of dry matter. v 

332. Computing rations according 
to the Morrison standards. — The method 
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of computing rations based on the di- 
gestible nutrient recommendations in 
the Morrison standards has been fully de- 
scribed in the first part of this chapter. 
In computing rations according to total 
digestible nutrients, one should entirely 
disregard the net energy figures which 
are given in the last column of the var- 
ious pages of Appendix Table III. He 
should use the recommendations given 
for dry matter, digestible protein, and 
total digestible nutrients, and should con- 
sult Appendix Table I to find the corres- 
ponding composition of the various feed- 
ing stuffs. 

However, if one desires to compute 
rations according to the net energy sys- 
tem, he should disregard the recom- 
mended allowances of total digestible 
nutrients, and should use instead the net 
energy values shown in the last column 
of figures. The estimated net energy val- 
ues of the most important feeds, for use 
in this method of computing rations, 
are stated in Appendix Table II. This 
table also gives the percentages of dry 
matter and of digestible protein in these 
feeds. 

Except for the difference in the fig- 
ures used, the method of computing a ra- 
tion according to the net energy system 
is the same as when total digestible nu- 
trients are used. It is therefore not neces- 
sary to present an example of the use of 
this method. 

QUESTIONS 

1. What are feeding standards? 

2. Compute a ration according to the Mor- 

rison feeding standards for wintering 
a yearling dairy heifer weighing 700 
lbs. In this and the following problem 
use feeds available in your locality 
and find the cost of the ration. 

3. Compute a ration according to the Mor- 

rison feeding standards for 1,200-lb. 
dairy cows producing an average of 
40 lbs. of milk containing 3.5 per cent 
fat daily. Determine first the necessary 
percentage of digestible protein in the 
concentrate mixture to feed with the 
roughages you select, using the meth- 
od shown in Article 321. Then work 
out a formula for a satisfactory con- 
centrate mixture, containing this per- 
centage of digestible protein. Finally, 
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compute the dry matter, the digesti- 
ble protein and the total digestible 
nutrients in the entire ration, to see 
whether or not it meets the require- 
ments. 

4. If you wished to use a good commercial 

dairy feed for these cows, approxi- 
mately what percentage of total pro- 
tein should it contain? 

5. What guide do the Morrison feeding 

standards furnish as to the proper pro- 
portion of roughages and concentrates* 
for a particular class of stock? 

6. What factors not included in the recom- 

mendations of feeding standards must 
be considered in computing efficient 
rations for stock? 

7. Why have the Wolff-Lehmann feeding 

standards been superseded by other 
feeding standards? 

8. In what terms are the nutrient require- 

ments expressed in the Armsby feed- 
ing standards; in the Kellner feeding 
standards? 


9. What important advance did Hhecker 
make in feeding standards for dairy 
cows? 

10. In what terms are the nutrient require- 

ments of livestock expressed in the. 
Morrison feeding standards? ' • i 

11. Why is a range indicated Jn .the recom- 

mendations given in these standards 
for each class of stock, instead of only 
one figure being given for dry matter, 

. digestible protein, and total digestible 
nutrients, respectively? 
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CHAPTER XII 

ECONOMY IN FEEDING LIVESTOCK 




* L Selecting . Economical 
Rations 

383. Providing efficient rations at 
least expense. — One farmer often secures 
much greater net returns from his live- 
stock than does a neighbor, because he 
gives more thought to the selection of 
Rations that are not only well balanced 
feut also as economical as possible. 

First of all, he grows those crops 
which have the highest feeding value. 
He also plans his crop rotations so that 
he has an abundance of high-quality hay 
and other roughage for winter feeding 
and excellent pasture throughout the 
growing season. If possible, he raises 
plenty of legume forage crops, so that 
he will not need to buy large amounts of 
protein supplements. Finally, in buying 
protein supplements or other feeds, he 
uses good judgment in selecting those 
which are most economical under his 
local conditions. 

334. Guides in selecting economi- 
cal rations. — It often takes careful study 
to find which of several available feeds 
are actually most economical. This is be- 
cause the market price of the various 
feeds may not be a guide to their real 
feeding value. For example, one year 
there may be a short oat crop in this 
country, but a good crop of corn. This 
will make oats unusually expensive in 
comparison with corn. The next year the 
conditions may be reversed, and oats 
will then be an economical feed. Simi- 
larly, the relative prices of the various 
protein supplements vary considerably 
from year to year, and sometimes there 
are wide changes in the relative prices 
of feeds even during a single year. 

To secure the most profit from live- 
stock, it is necessary to give careful at- 
tention to the changes in feed prices. 
One should not get into the habit of 


feeding the same combination of feeds 
year after year, regardless of whether 
these feeds are cheap or costly. Experi- 
ments have shown that there is no one 
best ration for any class of stock. There- 
fore when feed prices change decidedly, 
one should make whatever changes are 
necessary in his rations to take advan- 
tage of the new conditions. 

To aid stockmen in selecting rations 
that will be economical under different 
conditions, there are given in Appendix 
Table VII a considerable number of bal- 
anced rations for the various classes of 
animals. Any of these should give excel- 
lent results when composed of good- 
quality feeds and fed to thrifty animals. 
Many additional suggestions will be 
found in the chapters of Part III. 

335. Determining which feeds are 
actually cheapest. — It has been empha- 
sized previously in Chapter III that the 
best guide to the relative values of dif- 
ferent feeds for any class of stock is pro- 
vided by the results of actual feeding ex- 
periments with the same class of animals. 
(58-59) The statements made in later 
chapters concerning the values of the 
various feeds are therefore based chiefly 
upon extensive studies made by the au- 
thor of the results of such experiments. 

As yet, the relative values of only 
certain of the most important feeds have 
been determined by means of feeding ex- 
periments with the various classes of 
stock. For other feeds we must base our 
comparisons on their content of digest- 
ible nutrients or net energy and on the 
general information about their useful- 
ness for the particular kind of animal. 

One method of comparing the econ- 
omy of feeds is to compute the cost per 
pound of total digestible nutrients in 
each feed. This shows which feeds sup- 
ply total digestible nutrients at least ex- 
pense. It is a correct method of compar- 
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ing the values of feeds when protein-rich 
feeds cost no more than those rich in 
other digestible nutrients. 

However, in most parts of the 
United States feeds that are rich in pro- 
tein generally cost more than those 
which are low in protein but rich in car- 
bohydrates, Digestible protein then has 
a greater value per pound than digest- 
ible carbohydrates. Under such condi- 
tions some method should be used which 
takes into account not only the amounts 
of total digestible nutrients but also the 
amounts of digestible protein in the var- 
ious feeds. 

Sometimes the method is used of 
computing for each feed not only the 
cost per pound of total digestible nutri- 
ents, but also the cost per pound of di- 
gestible protein. However, even with this 
information, it is often difficult to decide 
which feeds are most economical. For 
example, one protein supplement may 
furnish digestible protein at the least 
cost, while another is a cheaper source of 
total digestible nutrients. Considerable 
experience is necessary to balance one 
factor against the other in estimating the 
actual relative economy of the two feeds. 

Another method is to place a defi- 
nite price on each pound of total digest- 
ible nutrients and an additional value 
on each pound of digestible protein there 
is in the feed. 1 These prices are deter- 
mined from the market price of a com- 
mon or base carbohydrate-rich feed, such 
as corn grain, and the price of a common 
protein supplement. Tables can be 
worked out on this basis which show the 
relative money values of various feeds. 
However, any such table can be used 
only so long as the base feeds do not 
change in price. The method therefore 
has only limited usefulness. 

336. The Petersen method of val- 
uing feeds. — Petersen of the Minnesota 
Station devised an ingenious method 
which can be used to determine the rela- 
tive values of various feeds even when 
the prices of the base feeds change de- 
cidedly. 2 He took corn and cottonseed 
meal as the base feeds, since corn is the 
most common carbohydrate-rich concen- 
trate in this country and cottonseed meal 


was then the most important high-protein 
supplement. However, other base feeds 
may be used in the same manner. Since " 
soybean oil meal has now become the 
most important protein supplement* in ^ 
the United States, let us take* it a§ the 
base protein-rich feed in our discussion 
of this method./ * " • ; v 

It is evident .that whenever protein- 
rich .feeds cost more ‘ than carbohydrate- 
rich feeds, ks’ is usually the case, then the 
actual relative value of any other feed 
will depend partly ,on the price of the 
standard or base carbohydrate-rich feed 
and partly on the price of the base 
protein-rich feed. Two factors are there- 
fore computed for each feed to be val- 
ued. One of these, called the “constant 
for corn,” shows the extent to which the 
price of corn per ton affects the value of 
the given feed. The other factor, called 
the “constant for soybean oil meal,” 
shows the extent to which the price of 
soybean oil meal per ton affects the value 
of the particular feed in question. 

Constants of this kind for the most 
important feeds are given in Appendix 
Table II. These have been computed 
from the estimated net-energy value and 
the digestible protein content of each 
feed, which values are also given in this 
same table. The net-energy values of the 
various feeds have been used in comput- 
ing these factors, instead of the content 
of total digestible nutrients, because of 
the reasons stated in Chapter III. (77) 

In the opinion of the author, net-energy 
values provide a more accurate basis 
than do total digestible nutrients for 
comparing the values of various feeds 
for productive purposes. This is espe- 
cially true when one wishes to compare 
a concentrate that has considerable fiber 
with one which is low in fiber and high 
in digestibility and productive value. The 
difference is even greater in comparing 
a high-grade concentrate with hay or 
other dry roughage. 

In computing these factors, solvent- 
process soybean oil meal has been taken 
as the base protein-rich feed, because 
of its importance. Dent com of Federal 
Grade No. 2 has been taken as the base 
carbohvdrate-rich feed. 
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Td illustrate the method of using various feeds would fall too close to- } 

these constants, let us compute the value gether to be legible. ' f 

of corn gluten feed for dairy cows as a It has been pointed out previously fj 

source of digestible protein and of net that when protein-rich feeds cost no if! 

energy, in comparison with ground com more or even less than those low in pro- r 

((Jrade No. 2) at $60.00 per ton and tein, the amount of total digestible nu- /.vj 

soybean oil meal at ,$80.00 per ton. trients (or net energy) should be used 

% In the case of feeds ‘which appar- as the basis for determining the relative 
ently have a higher ^relative value for values of various feeds. To make such 
dairy cows than, for -meht * production, comparisons possible without any need 
separate net energy .values ‘and feed eval- for computations, graphs have also been 
uation constants for dairy cows are given devised from which the relative values 
in Appendix Table II. This is the case of the important feeds can be determined 
with corn gluten feed. at a glance, taking as a standard of com- 

By referring to the table, we find parison one of these feeds at any par- 
that the “Constant for corn” of corn ticular price. 

gluten feed for dairy cows is 0.456, and 33 8. A comparison of corn-belt 

the “Constant for soybean oil meal” is f ee ds for dairy cows.— To illustrate the 
0.434. To find the value of corn gluten manner in which the relative economy of 
feed, we multiply the price of corn by different feeds may be determined by 
0.456, the Constant for corn; and next using the constants in Appendix Table 
we multiply the price of soybean oil n , \ et us assume that a dairyman in the 
meal by 0.434, the “Constant for soybean corn b elt has plenty of the following 
oil meal; and finally we add the prod- home-grown grains: Shelled corn (Grade 
ucts. This gives us $62.08 as the value No. 2), worth $1.45 a bushel, or $51.79 
of corn gluten feed for dairy cows, in a ton, on t h e farm; oats, worth $.86 a 
comparison with com and soybean oil bushel, or $53.75 a ton; and barley of 
meal at the particular prices stated in g00 d brewing grade, worth $1.33 per 
this example. bushel, or $55.42 a ton. He wishes to 

337. Graphs for finding the relative feed his cows the grain which is cheap- 
values of feeds. — In order to make these est, considering its feeding value, and to 
computations unnecessary, Petersen has sell that which is highest priced, 
also devised convenient graphs, from It will cost about $3.50 a ton to 

which the relative values of feeds can be grind these grains, as should be done 
easily read, with corn and cottonseed for dairy cows. This will make the farm 
meal at any particular prices. Such price of ground corn $55.29 a ton; of 
graphs have distinct advantages over the ground oats, $57 .23 a ton; and of ground 
use of the “constants.” First, no compu- barley, $58.92 a ton. 
tation whatsoever is required. Second, if To balance the ration the following 

some other protein-rich feed is decidedly protein supplements are available on the 
cheaper than cottonseed meal or what- local market: Corn gluten feed at $60.00 
ever protein supplement is used as the per ton; cottonseed meal (41 per cent 
base feed, it may be taken as the stand- protein grade), $70.00 per ton; distillers 
ard protein-rich feed in using the graphs, dried corn grains (without solubles), 

Likewise, barley or one of the other $67.00 per ton; linseed meal, $75.00 per 
small grains may be used as the stand- ton; soybean oil meal (solvent process), 
ard low-protein feed, if one of these $75.00 per ton; and wheat bran, $50.00 
grains is cheaper or more available lo- per ton. Cane molasses is also available 
cally than corn. at $48.00 per ton in barrels. If it could 

To be used accurately, graphs of be secured locally from a tank car, the 
this kind must be of larger size than can price would be much lower, 
be included in such a volume as this. Limited amounts of these feeds can 

Also, only a few feeds can be given in be hauled home on return trips from 
each graph, as otherwise the lines for town without much of an additional 
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cartage expense. It is not assumed that 
these prices represent average conditions 
in any section of this country, but they 
are merely taken to illustrate the man- 
ner in which the relative economy of 
various feeds may be compared. 

We will as'sume that this farmer 
has for his cows plenty of good mixed 
clover-and-timothy hay containing one- 
third to one-half clover, and in addition 
has enough corn silage to feed through- 
out the winter. With such roughage, a 
concentrate or “grain” mixture contain- 
ing about 18 per cent total protein or 
14.5 per cent digestible protein will pro- 
vide enough protein for good production. 
(See Articles 323 and 1G17 ? and also 
the example rations in Appendix Table 
VII.) Let us therefore compute an eco- 
nomical concentrate mixture which will 
supply about 14.5 per cent of digestible 
protein. 

First, we will compute from the 
constants in Appendix Table II the val- 
ues per ton of the various feeds, taking 
corn and soybean oil meal as the base 
feeds, or the standards of comparison. 
We will set these values down in tabular 
form, along with the market prices of 
the various feeds. We will then set down 
for each feed the amount by which its 
computed value per ton is greater or 
less than the market price. This will give 
us the following table. 


The table shows that with feeds at 
these particular prices, wheat bran is the 
only other concentrate that supplies di- 
gestible protein and net energy as 
cheaply as do corn and soybean oil meal. 
Ground barley is worth for * feeding 
$1.74 less per ton than the farm price. 
It will therefore be most economical to 
feed ground corn as the chief grain &nd 
to sell the barley. 

If fed as the chief grain to dairy 
cows, ground oats is worth considerably 
less than the current price. ^However, 
when not over 25 per cent of ground 
oats is included in the mixture, oats has 
a higher value and is nearly as eco- 
nomical as ground corn. This higher 
value for oats when forming not more 
than 25 per cent of the concentrate mix- 
ture is based upon numerous experi- 
ments which are summarized in Chapter 
XX. 

Cane molasses is slightly less eco- 
nomical at the price of $48.00 per ton 
than ground corn at the farm price of 
$55.29 per ton. It should therefore be 
used only if needed to increase the pal- 
atability of a ration that might otherwise 
not be well liked. 

339. Choosing an economical con- 
centrate mixture. — This dairyman wishes 
to use a concentrate mixture made up 
as largely as possible of his home-grown 
grains. From the standpoint of economy 


Comparison of economy of various concentrates at prices stated 


Farm grains 

Barley, ground ( for dairy cows) 

Corn, dent, ground 

Oats, ground, as chief grain 

Oats, ground, not over 25% of concentrates . . 

Purchased concentrates 

Corn gluten feed ( for dairy cows) 

Cottonseed meal, 41% protein 

Distillers dried corn grains, without solubles . . 
Linseed meal, expeller or hydraulic process, 

32% protein grade 

Molasses, cane, not over 10% of concentrates 

Soybean oil meal, solvent process 

Wheat bran 


Price of 

Value of 

Difference 
per ton between 

feed per ton 

feed per ton 

price and value 

Dollars 

Dollars 

Dollars 

58.92 

57.18 

-1.74 

55.29 

55.29 


57.23 

51.69 

-5.54 

57.23 

56.74 

-0.49 

60.00 

57.76 

-2.24 

70.00 

65,06 

-4.94 

67.00 

64.91 

-2.09 

75.00 

66.40 

-8.60 

48.00 

45.82 

-2.18 

75.00 

75.00 


50.00 

50.57 

+0.57 
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he will therefore use ground com as the 
chief part of the mixture. 

When forming not over 25 per cent 
of the concentrates, ground oats is nearly 
as economical as ground corn, and oats 
will *add bulk to the mixture. At the 
prices stated, wheat bran is a cheap 
feed, and a little bran yvill add bulk and 
; variety. (1071) 

At these prices the most economical 
concentrate mixture will be a combina- 
tion of ground corn, ground oats, soy- 
bean oil jneal, and wheat bran. A little 
figuring will show us that a mixture of 


dairy cows. Some dairymen might pre- 
fer a concentrate mixture with greater 
variety, containing a greater number of 
different feeds. However, at these par- 
ticular prices other feeds could not be 
included in the mixture without some- 
what reducing the economy. 

340. Changing the mixture to meet 
changed feed prices. — To show how a 
ration should be modified to meet 
changed feed prices, let us assume that 
the next year the prices for some of the 
feeds have changed as shown in the 
following table: 


Effect of changed prices on economy of carious feeds 


Farm grains 


Corn, dent, ground 

Oats, ground, not over 25% of concentrates 

Purchased concentrates 

Corn gluten feed 


Distillers dried com grains, without solubles . . 67.00 

Linseed meal, expeller or hydraulic process, 

32% protein grade 72.00 

Molasses, cane, not over 10% of concentrates 47.00 

Soybean oil meal 75.00 

Wheat bran 49.00 


Price of 

Value of 

Difference 
per ton between 

feed per ton 

feed per ton 

price and value 

Dollars 

Dollars 

Dollars 

53.00 

57.18 

+4.18 

55.29 

55.29 


54.00 

56.74 

+2.74 

52.00 

57.76 

+5.76 

66.00 

65.06 

-0.94 

67.00 

64.91 

-2.09 

72.00 

66.40 

-5.60 

: 47.00 

45.82 

-1.18 

75.00 

75.00 


49.00 

50.57 

+1.57 


500 lbs. ground corn, 210 lbs. ground 
oats, 190 lbs. soybean oil meal, and 100 
lbs. wheat bran will supply the desired 
percentage of digestible protein. This is 
shown in the following table: 

An economical concentrate mixture 
with feeds at the prices stated 

; j -\ $j.j . . . Digestible 

‘ protein' Cost 

^ Lbs. Dollars 

Corn, ground, 500 lbs. . . . 33.5 13.82 

Oats, ground, 210 lbs. . . . 19.7 6.01 

Soybean oil meal, 190 lbs. 79.8 7.13 

Wheat bran, 100 lbs 13.3 2.50 

Total in 1,000 lbs 146.3 29.46 

Per 100 lbs 14.6 2.95 

This mixture will be very economi- 
cal under these particular conditions, and 
it should produce excellent results, for it 
is made up of feeds of high nutritive 
value and feeds that are well liked by 


Corn and soybean oil meal have re- 
mained at the same prices as in the first 
example, but the prices of barley and 
oats have declined. These grains are now 
more economical than corn for dairy 
cows. The price of corn gluten feed also 
has fallen, so that it is now the most 
economical protein supplement. Wheat 
bran is also low in price in comparison 
with other feeds. The other protein sup- 
plements are slightly less economical 
than corn gluten feed, wheat bran, and 
soybean oil meal. Molasses has declined 
slightly in price, but does not supply net 
energy as economically as do the grains. 

With feeds at these changed prices, 
the cheapest concentrate mixture would 
have corn gluten feed as the only pro- 
tein supplement. For cows of ordinary 
productive capacity, a mixture consist- 
ing of only ground barley, ground oats, 
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and corn gluten feed would be fairly 
satisfactory when fed along with good 
roughage. This is because the quality or 
kind of protein is not important for dairy 
cows that are fed plenty of good rough- 
age. (1018) 

However, most dairymen would pre- 
fer to use a concentrate mixture with 
greater variety and having some other 
protein supplement in addition to corn 
gluten feed. Let us therefore include' 
some soybean oil meal in the mixture. 
It ranks next to com gluten feed in 
economy at these prices, and it furnishes 
high-quality protein. 

At these prices an excellent and 
economical mixture would be: Ground 
barley, 430 lbs.; ground oats, 200 lbs.; 
corn gluten feed, 200 lbs.; soybean oil 
meal, 70 lbs.; and wheat bran, 100 lbs. 

These two examples well show that 
no particular combination of feeds should 
be used year after year, regardless of 
the changes in feed prices. On the con- 
trary, the ration should be modified 
whenever necessary to adapt it to 
changed price conditions. 

341. Relative economy of feeds 
when protein is cheap. — In the preced- 
ing examples protein-rich feeds have 
been more expensive than those rich in 
carbohydrates. Protein has therefore had 
an additional value beyond the amount 
of total digestible nutrients it furnishes. 
However, this is not always the case. 

For example, in the cotton belt cot- 
tonseed meal is often lower in price per 
ton than farm grain. Also, in the alfalfa 
districts of the West alfalfa hay is fre- 
quently so cheap that it supplies total 
digestible nutrients at much less cost 
than do the grains or other carbohydrate- 
rich feeds. Even in the northeastern 
states, protein-rich concentrates are 
sometimes decidedly lower in price than 
the farm grains. 

Under all such conditions, the val- 
ues of various feeds will depend on the 
amounts of total digestible nutrients or 
of net energy that they furnish, and will 
not be affected by the amounts of digest- 
ible protein they contain. To compare 
feeds on the basis of net energy one 
should use the factors in the last column 
of figures in Appendix Table II. The 


method of using these factors is ex- 
plained in the paragraphs that precede 
the table. * jf 

342. Limitations in comparisons 1 

based on digestible nutrients.- — These \ 

methods of comparing the relative .val- 
ues of feed are much better adapted to j 
comparisons of various concentrates than 
to comparisons of roughages. This is be- 
cause. such factors as palatability* and the 
content of vitamins and minerals are 
often of great importance in determining 
the actual value of roughage. . 

Thus, a valuation on the basis of di- j 

gestible nutrients, or on the basis of j 

net energy, may not measure at all ! 

the actual difference in feeding value be- 
tween well-cured, green-colored hay and 
hay that is weathered and bleached. The 
poor hay will, of course be considerably 
lower in digestible nutrients than the 
good hay. However, unless the stock get ; 
plenty of vitamin A value from some 
other source, the poor hay may be worth 
much less than is indicated by its content 
of digestible nutrients, due to the defi- 
ciency of this vitamin. I 

Also, one class of stock may have a f 
much greater need than another class of 
animals for vitamins or minerals that the 
particular feed furnishes. For example, 
a limited amount of choice alfalfa or 
other legume hay has an especially high 
value, not measured by its content of di- 
gestible nutrients, as a source of vitamins 
A and D in the winter feeding of pigs in 
the northern states. Similarly, excellent 
hay is nearly indispensable In the rais- 
ing of dairy calves. On the other hand, 
idle horses and beef breeding cows can 
be wintered successfully on roughage of 
rather inferior quality. 

While comparisons of various 
roughages can be made by using the con- 
stants in Appendix Table II, it must be 
remembered that such a method of eval- 
uation may have great shortcomings for 
these feeds. A much safer basis for valu- 
ing roughage is provided by the infor- 
mation presented in Part II concerning 
the value and usefulness of the various 
roughages for the different classes of 
stock. 

Another limitation of this method of 
comparing the economy of various feeds 
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is that it does not take into consideration 
the quality of the protein in the different 
feeds. 

Protein of high quality is especially 
important for swine, for poultry, and for 
dairy .calves being raised on milk substi- 
tutes. Therefore, feeds that furnish pro- 
tein of excellent quality, such as meat 
scrap, tankage, and fish meal, have a 
much higher relative value for these ani- 
mals than for other classes of stock. 

Other examples of the considerable 
differences in the relative values of cer- 
tain feeds for various classes of stock 
have been given in Chapter III. (59) 
These differences show that, where the 
information is available, the results of 
feeding experiments are the most re- 
liable guide to the value of any feed for 
a particular class of stock. Such informa- 
tion is given in the chapters of Part II. 

II. Adapting Systems of 
Feeding to Local 
Conditions 

343. Amount of protein to supply. 
— In the Morrison feeding standards a 
range is indicated in the amounts of pro- 
tein which are advised for the various 
classes of farm animals. When protein- 
rich feeds cost but little or no more than 
those low in protein, it is well to feed as 
much protein as is indicated by the 
higher figures. On the other hand, when 
corn or the other grains are relatively 
cheap, it may be more economical to 
feed no more protein than is called for 
by the lower figures. Rarely is it advis- 
able to feed decidedly less protein than 
shown in the lower figures. 

Whether or not to add a protein 
supplement to certain rations will de- 
pend on the relative price of such sup- 
plements in comparison with the prices 
of the farm grains. For example, it is 
shown in Chapters XXVIII and XXX 
that com and legume hay alone make a 
fairly well-balanced ration for fattening 
cattle or fattening lambs. However, the 
gains are usually slightly increased and a 
higher finish is secured when a small al- 
lowance of some suitable protein supple- 
ment is added to the ration. Whether 
such an addition will be profitable or not 


depends on the relative price of the sup- 
plement and on whether the market will 
pay an appreciably better price for the 
more highly-finished animal. 

When protein-rich feeds supply nu- 
trients more cheaply than those low in 
protein, as is often the case in the cotton 
belt and in the alfalfa districts of the 
West, it will be economical to feed more 
protein than the amounts stated in the 
standards. 

344. Proportion of roughages to 
concentrates. — To meet the recommen- 
dations of the feeding standards for good 
milk cows and for fattening cattle and 
sheep, fairly liberal amounts of concen- 
trates are required. This is because ra- 
tions rich in digestible nutrients are 
needed for a high yield or for rapid fat- 
tening. 

Unless grain or other concentrates 
are unusually expensive in comparison 
with roughages, it is generally advisable 
to feed such stock fully as much con- 
centrates as called for by the higher set 
of total-digestible-nutrient recommenda- 
tions in the feeding standards. On the 
other hand, when roughage is very 
cheap, it may be most profitable to feed 
only a small amount of concentrates. 

Young cattle and lambs cannot be 
made fat enough to meet the demands 
of the large markets on harvested rough- 
age alone, even if it is of excellent qual- 
ity. On the other hand, little or no pre- 
mium is paid on some local markets of 
the West for animals that have been well 
fattened by feeding them grain. Under 
such conditions it may not pay to feed 
any concentrates in addition to good hay 
or hay and silage. 

With dairy cows much depends on 
the productive capacity of the cow. Ex- 
cept when concentrates are extremely 
high in price in comparison with rough- 
ages, a cow of good productive capacity 
will pay for at least a fair allowance of 
concentrates. On the contrary, the most 
economical rations for a low-producing 
cow, when concentrates are very high in 
price, may be legume hay and silage, 
with no concentrates whatsoever. 

The feeding standards for growing 
cattle are based upon continuous thrifty 
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growth, and hence call for the feeding 
during winter of a small allowance of 
concentrates, unless a liberal amount of 
excellent roughage is fed. The breeder 
of pure-bred animals who wishes to de- 
velop the best there is in his young stock 
will feed sufficient concentrates to keep 
them growing rapidly. On the other 
hand, the western rancher may find it 
most profitable to carry young stock 
through the winter on roughage alone, 
or with but a very small allowance of 


other roughage may then be so high in 
price that digestible nutrients in rough- 
ages will be much more expensive than 
digestible nutrients in grain and other 
concentrates. 

Under such conditions, it is most 
economical to increase the proportion df 
concentrates somewhat and to feed no^ 
more roughage than is necessary pro- 
vide adequate bulk in the ration;' and a 
sufficient supply of vitamins. 

However, enough roughage mukrlc 



Beef Steers on Full-feed in a Corn-belt Feed Lot 

On this corn-belt farm practically all the land is suitable for tillage and corn is the main 
crop. During the winter, western feeder cattle are fattened in dry lot on a full feed of corn 
grain, plus corn silage, legume hay, and a small allowance of protein supplement. A maximum 
amount of corn grain is thus utilized on the farm. 


concentrates. Thus fed, they will gain in 
frame and, though losing in flesh, will 
be thrifty enough in the spring to make 
good gains on the cheap pasturage. 

It is a matter of great financial im- 
portance in stock farming to make a wise 
decision concerning the amounts of con- 
centrates to feed the different classes of 
stock under varied conditions. This mat- 
ter is therefore given special considera- 
tion in Part III of this volume. 

345. When roughage is scarce. — 
Occasionally there is a serious shortage 
of roughage in some part of the country, 
because of severe drouth. Hay and 


fed to meet the needs of the particular 
animals. It is shown in Chapter XXV 
that in experiments in which dairy cows 
have been fed a very small amount of 
roughage, especially chopped or ground 
hay, they have often gone off feed, and 
the milk yield and fat percentage have 
dropped greatly. 

346. Finish animals to meet de- 
mands of the market. — -The wise stock- 
man will keep in close touch with the 
demands of the market and adjust his 
feeding operations accordingly. If the 
market pays a sufficient premium for 
thoroughly-fattened animals, he will fat- 
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lien his stock well before marketing them. 
On the other hand, on local markets 
which pay no more for a well-finished 
carcass than for one carrying less fat, it 
will not pay to prolong the fattening 
period or to feed as much concentrates as 
|e necessary to make the animals thor- 
1 fat. 


Seasonal trends in prices of 
feeds.— A stockman who is a close ob- 
of the usual trends in prices of 
and other feeds can sometimes 
by buying a supply at the 


in the chapters of Part III, the number 
of hours of labor spent in feeding and 
caring for stock can often be greatly re- 
duced by careful planning. (1101) 

To save labor, stables and feed lots 
should be arranged so that the minimum 
amount of labor and walking about is 
required. Much labor can be saved by 
convenient tools and equipment, such 
as feed carts and a water system in the 
barn with individual drinking cups for 
stall-fed animals. Much time in caring 
for dairy cows can be saved by the adop- 


Beef Herb on Pasture Unsuited for Tillage 


On this farm there is considerable land which is too rough for tillage. This provides 
pasturage for a breeding herd of beef cattle. The cattle are wintered on hay and other 
roughage, and grain is used only for fattening the young cattle for market. 


time of year when the particular feed is 
generally lower in price than at other 
seasons. 

For example, the grains are gen- 
erally lower in price at harvest time, 
when the marketings are heaviest. 3 The 
price tends to rise during the year, until 
the effects of the new crop begin to be 
felt. Wheat bran is apt to be lower in 
price in the fall than at other seasons. 

348. Efficiency in the use of labor. 
— Since man labor forms a considerable 
part of the costs in livestock production, 
every effort should be made to use labor 
as efficiently as is possible. As is shown 


tion of the rapid-milking method. (1093 ) 
349. Adapt type of farming to local 
conditions. — It is outside the field of this 
volume to discuss in detail the many 
factors which the stockman should take 
into consideration in deciding the type 
of livestock farming in which to engage 
and the systems and methods to follow. 
The farm operations and practices 
should always be suited to local condi- 
tions, and should be based upon the 
prices of land and labor, the nearness to 
market, and the available crops. 

For example, the beef producer on 
high-priced land in the eastern part of 
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the corn belt will often crowd his calves 
to rapid growth on a heavy allowance 
of grain and fatten them as baby beeves. 
Perhaps he will raise no cattle, but fatten 
feeder steers from the western ranges on 
a liberal allowance of corn. 

On the other hand, in the West 
where pasture is cheap compared with 
grain, the rancher will usually follow a 
much less intensive system of beef pro- 
duction. Even during the winter his* 
breeding herd will be maintained as 
largely as possible on the range and will 
be fed harvested feeds only when the 
range forage is covered by snow. Instead 
of fattening his steers for market, the 
rancher will commonly sell them in the 
fall as feeder cattle, to be shipped to the 
districts where grain is cheaper. When 
he does fatten cattle, he will feed them 
chiefly on roughage, with only a limited 
amount of grain. 

Dairymen producing market milk on 
high-priced land near large cities often 
use only a small acreage of land for pas- 
ture, but instead rely largely on corn si- 
lage or soiling crops for roughage during 
the summer. They often buy most of the 
concentrates for their cows, including 
grain as well as protein supplements. 
They do this because grain can be grown 
on land farther from market and shipped 
in at a lower price than the cost of rais- 
ing it on their own farms. Sometimes 
they even buy a considerable part of the 
hay they feed in winter. 

Such a system would be decidedly 
uneconomical for the dairyman remote 
from the large markets, whose milk is 
used in the manufacture of butter or 
cheese. With him land is less expensive 
than labor. He must therefore adopt a 
less intensive system of dairying, in 
which the herd is maintained chiefly on 
pasture in summer, and in which just 
as much as possible of the feed for the 
remainder of the year is produced on 
the farm. 

III. Economy of Food Production 
by Various Animals 

350. Proportion of animal food in 
the human diet. — In areas of the world 
where the density of population presses 


^ ’■ fa- 

most upon the food supply, foods of anv 
mal origin form but a small part of the 
human diet. 4 In such regions, people 
must eat all or nearly all the edible food 
produced on the cultivated fields, and 
farm animals can have only the forage 
or other feed that cannot be consumed 
by man. This i£ because there is a large 
loss of energy k or heat value in convert- 
ing ipto human food the grain or other 
feed eaten by livestock. 

In such parts of the world but few 
farm animals can be kept in cultivated 
areas for the primary purpose of produc- 
ing food for man. Animals are kept for 
draft or work, perhaps also producing a 
very limited amount of milk for humans, 
and they are eaten only when they are 
no longer efficient work animals. Areas 
that are unsuited to crop production are 
grazed by sheep, goats, or cattle, which 
contribute to the small supply of foods 
of animal origin. Swine and poultry are 
kept chiefly as scavengers, living mainly 
on garbage and other waste prod- 
ucts. 


According to estimates by Pearson 
and Harper, grain and grain products 
make up about 73 per cent, on the dry 
basis, of the total food consumed by the 
worlds population, and all animal prod- 
ucts about 9 per cent. 5 Vegetables and 
fruits form 12 per cent of the worlds hu- 
man food, and sugar 6 per cent. In- 
cluded in the animal products are milk 
and milk products, estimated at 5 per 
cent on the dry basis, meat at 4 per cent, 
and fish and eggs each at less than one- 
half per cent. 

The proportion of the total human 
food that comes from animal sources dif- 
fers greatly in various regions. In North 
America it is 25 per cent and in Oceania 
(over three-fourths of whose population 
is in Australia and New Zealand) even 
higher, being 36 per cent. At the other 
extreme, in Asia foods of animal origin 
form only 3 per cent of the human diet 
and in Africa but 4 per cent. 

351. Relative efficiency of various 
animals on energy basis. — Such data 
lead naturally to a consideration of the 
relative efficiency of the various farm ani- 
mals in producing human food, and to a 
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Ipscussion of the special values in the 
human diet of foods of animal origin. 

Let us first consider the efficiency 
with which various animals convert the 
gross energy of the feed they consume 
into energy in human food. This is the 

simplest basis for comparison, b U j- a ]j 

will agree that it is ap inadequate meas- 
ure of the efficiency of .farm animals. We 
do not eat animal products primarily as 
a source of energy, for we can get en- 
ergy at a fraction of the cost by eating 


period from weaning to slaughter at ap- 
proximately 230 lbs. live weight. For 
beef and lamb the estimates were limited 
to the fattening period in the feed lot 
because of the impossibility of measur 
ing the feed intake from pasture oi 
range. No credit was given in the esti- 
mate for the wool produced by lambs. 
For egg production the estimate was for 
an annual production of about 150 eggs 
per bird. Since these estimates were 
made, progressive farmers have im- 



When due consideration is given to the richness of milk in high-quality protein, calcium, 
and vitamins, dairy cows are decidedly more efficient than other animals in producing 
human food. 


Dairy Cows Excel in Efficiency of Food Production 


grain products or such foods as potatoes. 

Maynard has estimated that the fol- 
lowing average percentages of the gross 
energy in the feed eaten by various kinds 
of animals are converted into human 
food: Pork, 20 per cent; milk (dairy 
cows), 15 per cent; eggs, 7 per cent; 
poultry meat, 5 per cent; beef, 4 per 
cent; lamb, 4 per cent. 5 

The estimates were based on some- 
what better than average levels of pro- 
duction. For milk production the esti- 
mates were based on an annual yield per 
cow of 7,000 to 8,000 lbs., which is con- 
siderably above the United States aver- 
age. The estimates for pork were for the 


proved the efficiency of their pork pro- 
duction somewhat by the use of anti- 
biotic and vitamin B 12 supplements, and 
the efficiency of poultry meat has been 
increased by the use of these supple- 
ments and also by feeding high-energy 
rations. 

In these estimates and also in others 
that have been made, pork production 
and milk production rank far ahead of 
other types of animal production, when 
measured by the percentage of the gross 
energy of the feed which is converted 
into edible human food. 

In comparing the efficiency of pork 
production and of milk production, we 






must bear in mind that under conditions 
such as in the United States hogs live 
chiefly on grain and other concentrated 
feeds which are high in digestibility and 
consequently high in net-energy value. 
On the other hand, only about one-third 
of the dry weight of the feed of dairy 
cows usually consists of grain and other 
concentrates. Two-thirds comes from 
pasturage, hay, silage, and other rough- 
ages, all of which are much lower in di- 
gestibility and in net-energy value than 
the grains. 

Measured on the basis of the effi- 
ciency with which they convert either 
digestible nutrients or net energy into 
human food, dairy cows would rank 
somewhat above swine. Also, measured 
on the basis of the calories of human 
food produced per acre of crop fed, milk 
production would rank slightly above 
pork production. 

It must be borne in mind that these 
estimates of the efficiency of milk pro- 
duction are based upon the human con- 
sumption of all the food value in milk. 
When butter is eaten and the skimmilk 
is used for animal feeding, the efficiency 
of human food production is, of course, 
decidedly lower. 

In all comparisons of the efficiency 
of the production of human food by the 
different classes of farm animals, certain 
facts must always be remembered. Swine 
and poultry are direct competitors with 
man for food, because under our condi- 
tions they live chiefly on grain. 

In this country dairy cows compete 
with man for food to a much greater ex- 
tent than do beef cattle or sheep. This 
is because our dairying is located almost 
entirely on land that could be used for 
the direct production of human food. 
While dairy cows on many farms utilize 
pasturage on some areas that could not 
readily be tilled, such forage forms but 
a small part of the total feed eaten by 
our dairy cows. 

On the other hand, our beef cattle 
and sheep are mostly raised on the west- 
ern ranges or on other grazing land that 
is unsuited to tillage under present con- 
ditions. Here they convert forage that 
would otherwise be wasted into valu- 


able human food and other products/ 
needed by man, such as wool and hides; 
Except for the very limited amounts of 
harvested roughage and of concentrates 
which may be needed during the winter 
period, range beef cattle, sheep, and An- 
gora goats do not compete with man for 
food, or even with dairy cows, swine, 
and poultry. 

352. Relative economy considering 
other factors. — The chief value of most 
foods of animal origin lies not in the 
energy they furnish, but in their high- 
quality protein and in their content of 
minerals and vitamins. It is difficult to 
take all these nutrients into consideration 
in comparing the economy of various 
food sources. However, protein can and 
should certainly be considered, along 
with energy. 

To take both energy and protein 
into consideration, Jennings has esti- 
mated the feed units required by the 
various farm animals to produce what he 
calls “a calorie-plus-protein index.” e In 
this index the production of 0.15 lb. of 
protein (a day's allowance for an aver- 
age person) is given the same weight as 
the production of 2,600 Calories (which 
is the daily energy allowance for an aver- 
age person). 

The feed units are approximate es- 
timates of the value of various feeds in 
comparison with 1 lb. of corn grain as 
the standard. Hay and other roughages 
are valued approximately in proportion 
to their net-energy values. Protein sup- 
plements, such as soybean oil meal, are 
given a considerably higher value than 
corn grain, although their net-energy 
values are usually lower, instead of 
higher, than that of com grain. These 
higher values are given to protein sup- 
plements because of the higher total 
feeding value of a protein supplement 
when properly used to balance a ration 
low in protein. 

Measured on this basis, he estimates 
that the following amounts of feed units 
are required for the production of a 
calorie-plus-protein index of 1.0; Milk 
production, 6.5; pork production, 9.2; 
turkey meat, 9.7; eggs, 10.7; chicken 
meat, 12.0; beef, 41.3; and lamb, 51.7. 
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These estimates are for average condi- 
tions. 

It should be noted that on this basis 
milk production is decidedly more effi- 
cient than pork production. Turkeys are 
rated nearly equal to pigs in efficiency 
of meat production, and ahead of the 
efficiency of egg production. 

Considering total feed consumed, 
beef cattle and sheep fall far below the 
other farm animals in efficiency. How- 
ever, Jennings also gives similar esti- 
mates of the grain and other concen- 
trates, not including pasture, hay, and 
other roughage, required by the various 
farm animals to produce a calorie-plus- 
protein index of 1.0. 

On this basis, dairy cows lead, with 
a requirement of only 1.6 feed units. For 
other types of livestock production the 
following amounts of feed units are re- 
quired in grain and other concentrates : 
Lamb, 3.2; pork, 8.6; beef, 8.8; turkey 
meat, 8.8; eggs, 10.1; and chicken meat, 
10.9 feed units. 

353. Importance of animal foods 
in the human diet. — Among foods of ani- 
mal origin, milk production not only 
ranks first in efficiency of production 
when both energy and protein are con- 
sidered, but it also is of especial value in 
the diet as a source of calcium and vita- 
min A. Both of these nutrients are 
needed in very large amounts by chil- 
dren and by pregnant and nursing 
mothers. Milk is likewise rich in phos- 
phorus, but a deficiency of phosphorus 
occurs in human diets much less fre- 
quently than a lack of calcium or of vita- 
min A. 

Maynard emphasizes that since cal- 
cium cannot be supplied adequately by 
any combination of vegetable foods 
which our people can be expected to eat, 
the high content of calcium in milk is 
of especial importance. One quart of milk 
a day supplies the full allowance of cal- 
cium recommended by the Food and 
Nutrition Board for a growing child, ex- 
cept during adolescence, and more than 
is needed by the adult, except for ex- 
pectant and nursing mothers. It would 
take 45 eggs to supply as much calcium 
as is furnished by a quart of milk. 


The importance of milk and of all 
dairy products which include the butter- 
fat, as sources of vitamin A in the hu- 
man diet is so generally recognized that 
it needs no discussion. Milk is also rich 
in riboflavin, and it is a good source of 
vitamin B 19 and other B-complex vita- 
mins. 

Eggs are important sources of vita- 
min A value, being three times as rich 
’ as milk per unit of total energy. They 
are also an important source of calcium, 
are the richest of all animal foods in 
iron, are high in riboflavin, and are the 
only important source of vitamin D 
among natural human foods. 

In addition to its high value as a 
source of excellent quality protein, meat 
is important in furnishing iron and cer- 
tain B-complex vitamins, especially nia- 
cin. Pork ranks high in thiamine con- 
tent, and it is estimated that nearly half 
of the thiamine in the average diet in 
this country is supplied by animal prod- 
ucts. 

An important point is that rumi- 
nants do not apparently require the B- 
complex vitamins in their feed, because 
these vitamins are synthesized in the 
fermentations which occur normally in 
the rumen, or paunch. On the other 
hand, pigs and chickens, like humans, 
must have an adequate supply in their 
food. 

An exceedingly important quality of 
most foods of animal origin is their high 
palatability. Not only do they taste good 
in themselves, but they also greatly in- 
crease the acceptability of other foods. 
The universal desire of our people for a 
liberal amount of meat, when they can 
afford it, was dramatically shown in war- 
time. When meat supplies became 
scanty, buyers formed long queues and 
dissatisfaction and complaint were wide- 
spread. 

Considering all factors, milk pro- 
duction easily ranks first in importance 
and efficiency of production, among 
foods of animal origin. For this reason, 
every effort was made in Great Britain 
and other European countries during the 
war years to keep milk production as 
near the normal level as possible, and 
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to restrict severely the concentrated feeds 
allotted for other classes of farm ani- 
mals. 

From the energy standpoint, pigs 
would rank next, but considering all fac- 
tors, second place in efficiency should 
probably be given to egg production. 

From the standpoint of national 
food economy, the production of beef 
and lamb also ranks very high, insofar 
as the meat is produced largely from 
forage which would not otherwise be 
utilized. 

In considering the place of animal 
products in our economy, we must bear 
in mind that farm animals furnish other 
products. The farm manure they pro- 
duce is highly important in the main- 
tenance of the fertility of our farms. 
Other important products, of course, are 
wool, mohair, hides, by-products for 
animal feed, and an array of special 
packing-house by-products. 

354. Increasing the production of 
foods of animal origin. — In considering 
the place of animal products in our na- 
tional economy, we must give attention 
to the possibilities of increasing the 
su PPty °f these products as our popula- 
tion grows, without decreasing the yield 
of crops grown for human food. 

First of all, the amount and the 
efficiency of animal production could 
be very considerably increased if all 
farmers adopted and carried out the 
methods now used by the most efficient 
third. For example, the average milk 
yield per cow could be increased from 
the present national average of about 
5,630 lbs. to the average in Dairy Herd 
Improvement Association herds through- 
out the country, which was 9,363 lbs. in 
1954. All that is needed for such an in- 
crease is the putting into practice by all 
farmers of the methods and practices 
that are now well known, and are prac- 
ticed by the more progressive farmers. 
These include well-planned crop rota- 
tions, proper fertilization, and good soil 
management, as well as efficient feeding 
and breeding of dairy cattle. 

To reach the goal of high average 
milk production, cows must, first of all, 
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be provided with a more abundant supi j? . 
ply of roughage of higher quality. This,' 
means better pasture, such as that fur- 
nished by combinations including such 
efficient and nutritious pasture crops as 
alfalfa, Ladino clover, bromegrass, and 
Iespedeza. It also means the production 
of better hay, curing it efficiently, and 
feeding it in abundance. In most dairy 
districts, it will moreover mean the pro- 
' viding of more high-quality silage from 
corn or the sorghums, or from hay crops 
ensiled by special methods. 

By supplying cows with an abun- 
dance of such roughage throughout the 
year, the amounts of grain and other 
concentrates required to maintain high 
milk production can be reduced de- 
cidedly. Yet, under our usual conditions, 
it is essential that good dairy cows be 
fed sufficient concentrates for a high 
yield. When they are fed roughage alone, 
even of excellent quality, the milk yield 
is greatly reduced. 

Such a program of abundant and 
better roughage for dairy herds should 
increase, rather than decrease, the sup- 
ply of grain for human consumption. The j 

fields used in rotation for grain produc- ■ 

tion, with legumes in the rotation, will 
produce much higher yields than under 
less efficient cropping methods. Actually, 
a smaller acreage per cow may be 
needed to supply ample high-quality 
pasture and harvested forage than is now 
needed to furnish a rather scanty amount 
of mediocre roughage. 

It is important to note that the im- 
proved roughage feeding of dairy cows, 
which will increase their production, will 
also increase the vitamin-A value of milk 
and butter markedly. In particular, an 
abundance of high-quality hay and es- 
pecially of hay-crop silage will maintain 
a high vitamin-A value in milk in winter, 
when otherwise it has a lower amount. 

The rapid development of artificial 
insemination of dairy cows has made 
possible a decided increase in the pro- 
ductive capacity of our cows. Through 
this means a dairyman can at moderate 
cost have his cows bred to a bred-for- 
production sire of a transmitting ability 
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■ that has not hitherto been generally 
available to farmers who do not have 
large herds. 

As our population increases and we 
need more food, the production of beef 
and lamb can be considerably increased 
by converting some of our semi-aban- 
doned hill lands into first-class pastures. 
There are considerable such areas in the 
northeastern states and in many sections 
of the South. Large areas of the cut- 
over lands of our northern states are also 
yet undeveloped. 

These are but examples of the man- 
ner in which the production of foods of 
animal origin can be increased as our 
population grows. Similarly, our produc- 
tion of other foods can be greatly in- 
creased through fuller utilization of our 
land resources, improved varieties of 
crops, increased use of fertilizers, and 
better soil management. 

Even with a considerably greater 
population, our present dietary stand- 
ards can not only be maintained but even 
materially improved, with resulting bene- 
fit to the health of our people. 

QUESTIONS 

1. Using local prices for feeds, see if you 

can find instances where the market 
price of a feed does not represent its 
actual feeding value compared with 
other feeds which are available. 

2. What difficulties are there in comparing 

the relative economy of various feeds 
on the basis of the cost per pound of 
total digestible nutrients and the cost 
per pound of digestible protein? 

3. How is the relative value of a feed de- 

termined by die Petersen method? 

4. Find the local prices of at least 3 farm 

grains and 5 protein supplements suit- 
able for dairy cows. Then determine, 
by using the Petersen method, which 
of these feeds are actually the cheap- 


est. Finally, work out the most eco- 
nomical concentrate mixture you can 
that will supply 16.0 per cent digesti- 
ble protein and be excellent for dairy 
cows. 

5. On what basis should feeds be compared 

when protein-rich feeds cost no more 
than those low in protein? 

6. Why are comparisons of the values of 

various roughages, based solely on di- 
gestible nutrients or net energy, less 
reliable than similar comparisons of 
concentrates? 

7. How would you adapt the amount of 

protein in the ration to local condi- 
tions? 

8. When would you feed less concentrates 

than called for in the feeding stand- 
ards? 

9. Under what conditions are beef calves 

fattened for baby beef? 

10. Discuss other ways in which you would 

adapt the type of farming to local con- 
ditions. 

11. Compare the proportions of the total hu- 

man food in various parts of the world 
which come from animal sources. 

12. Discuss the relative efficiency on the en- 

ergy basis of various farm animals in 
producing human food. 

13. Compare the efficiency of various farm 

animals in producing human food, 
when both energy and protein are 
considered. 

14. Discuss the importance of animal foods 

in the human diet. 

15. How can the supply of foods of animal 

origin be increased in this country, 
without reducing the production of 
crops grown for human food? 
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PASTURE AND OTHER FORAGE 

per cent; for sheep and goats, 94 per 
I. Factors Affecting the cent; and for horses and mules, 68 per 

Value of Forage ce nt. Q ur sw j ne anc [ poultry are fed 

355. Importance of pasture and mostly concentrates, forage making up 

other forage. — Pasture and other forages only 3 per cent of the feed for swine 

are considered first in this volume, among and t> per cent foi poultiy. It is shown 

all the different feeds, because of their in Chapter XXXV that the cost of pro- 
outstanding importance in livestock pro- ducing pork can generally be reduced 

duction. For all classes of stock except appreciably by making more use of first- 

swine and poultry, good forage, includ- class pastuie. Also, except in intensive, 

ing abundant pasture, is the foundation large-scale poultry production, excellent 

of efficient production. Even for swine pasture reduces costs, 

and poultry, high-quality forage is very Commonly, cattle, sheep, and horses 

important as a source of vitamins, min- are provided with all the forage they will 
erals, and protein. consume, and then are fed in addition 

This countrv has witnessed a strik- whatever grain and other concentrates 

ing trend toward “grassland farming” they need to meet their requirements, 

during recent years. This has come about Before discussing the value and use 

because our farmers have come to ap- of the various forage crops in the follow- 

preciate more fully the economy of ing chapters, it is important to consider 

excellent pasture and hay crops in live- the different methods of utilizing forage, 

stock production, and also their impor- and the factors that affect its nutritive 

tance in maintaining soil fertility and value. 

preventing water and wind erosion. This 353, Abundant excellent forage in- 

great change in our agriculture has re- creases profits. — That an abundant sup- 

suited because of the extensive research ply 0 £ excellent forage increases profits 

on forage production by the experiment j n livestock farming is well shown by a 

stations and the United States Depart- recent cost study on dairy farms in south- 

ment of Agriculture, and the effective ern Michigan. 2 On the farms where 

extension work which has convinced the quality of roughage was excellent 

farmers of the value to them of the new throughout the year, the annual return 

methods of producing more and far bet- over feed cost per cow was $65 more 

ter forage. than on the farms where die roughage 

The importance of forage crops in was graded poor. Though the dairymen 

the United States is shown by the fact having excellent roughage fed 1,307 lbs. 

that forage, including pasture, hay, si- less concentrates per cow a year, their 

lage, and stover, forms about 55 per cent average milk yield per cow was higher 

of all feed consumed by our livestock. 1 than on the farms with poor roughage. 

For dairy cattle, 74 per cent of the feed An important fact was that the feed cost 

comes from forage; for beef cattle, 82 of producing each 100 lbs. of milk was 

230 
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P duced 46 cents by providing plenty 
excellent roughage. 

357. Economy of pasture. — Good 
pasture generally supplies the most eco- 
nomical feed for cattle, sheep, and 
horses during the growing season. Even 
for swine, it is an important means of 
reducing the cost of feeding. This is in 
spite of the fact, pointed out later in 
this chapter, that the yields of nutrients 
are usually less when grasses and other 
hay crops are pastured, in comparison 
with their yields for hay. The difference 
in yield is much more than offset by the 
greater expense for labor, seed, and ma- 
chinery in planting, tilling, harvesting, 
and feeding forage crops. 

The economy of pasture is well 
shown in studies conducted by the United 
States Department of Agriculture in 7 
dairy districts of this country. 3 In these 
areas pasturage furnished nearly one- 
third of the total nutrients consumed by 
the cows during the year, but the cost 
of the pasturage was only one-seventh 
of the total annual feed cost. In similar 
studies on 478 corn-belt beef farms, the 
breeding cows obtained practically all 
their feed from pasture for 200 days of 
the year. While the pastures furnished 
a little more than one-half the total feed 
for the whole year, the cost of pasture 
was only one-third of the annual feed 
bill. 

On dairy farms in southern Indiana 
pasture furnished total digestible nutri- 
ents at 27 per cent of the cost of har- 
vested feeds, although each acre of pas- 
ture produced only one-half as much 
actual feed per acre as corn or legume 
hay grown on the same land. 4 From cost 
studies on New York dairy farms it was 
estimated that the cost of total digestible 
nutrients from pasture was less than 
one-sixth as much as from concentrates, 
about one-half as much as from hay, and 
one-third as much as from silage. 5 

The effectiveness of pasture in re- 
ducing the cost of milk production is 
shown by studies on farms in various 
areas of New York. 6 The average total 
cost of producing milk on these farms 
during the grazing season was only 55 
per cent as great per 100 lbs. as it was 


during the winter barn-feeding season. 

When a well-adapted mixture of 
pasture grasses and legumes is grown on 
fertilized land and grazed rotationally, 
the yield of nutrients per acre may be 
nearly as great as from alfalfa hay on 
similar land. For example, in Maryland 
tests well-fertilized pasture grazed in ro- 
tation yielded an average of 2,567 lbs. 
of total digestible nutrients per acre dur- 
ing the season. 7 Alfalfa hay, grown on 
similar fertilized land, yielded 2.8 tons 
of hay per acre containing 2,926 lbs. of 
total digestible nutrients. Unfertilized 
pasture on the same sort of land, which 
was grazed continuously instead of ro- 
tationally, yielded only 1,552 lbs. of total 
digestible nutrients per acre. 

358. Nutrients at different stages. 
— Many stockmen do not fully realize 
the great differences there are in nutri- 
tive value between young, immature for- 
age crops and the same plants when 
they are mature or even at the usual hay 
stage of growth. These wide differences 
are shown in the data given in Appendix 
Tables I, II, IV, and V for different for- 
age crops at various stages of maturity. 

First of all, young plants are very 
much richer in protein, on the dry basis, 
than the same plants at later stages of 
growth. Thus, in the northern states 
young pasture grass that is growing ac- 
tively usually contains 16 per cent or 
more of protein when dried to a hay 
basis. This is even more protein than 
there is in alfalfa hay of good quality. 
Young legumes, such as alfalfa and 
clover, are even richer than young grass 
in protein. On the other hand, when pas- 
ture plants become mature and weath- 
ered, the protein content may fall to a 
very low level. 

Many farmers fail to take advantage 
of the fact that stock on good, actively- 
growing pasture receive a liberal sup- 
ply of protein. For example, dairy cows 
on such pasture are often fed a concen- 
trate or grain mixture containing much 
more protein than necessary. This does 
not increase their production, and it is 
usually decidedly uneconomical. (1080) 
Similarly, beef cattle being fattened on 
first-rate pasture are sometimes fed con- 


' 


232 


FEEDS AND FEEDING 


siderably more protein supplement than 
is needed. 

The second great difference be- 
tween young plants and those that are 
more mature is that the young plants are 
soft and tender and have much less fiber 
and less lignin, on the dry basis, than 
at later stages of growth. They are there- 
fore more digestible than hay cut at the 
usual time. When dried to a hay basis,., 
mixed pasture grass and clover from fer- 
tile, closely-grazed pasture supplies 66.7 


In addition to the richness in pro- 
tein and the high digestibility of young 
forage plants, they contain much more 
phosphorus, on the dry basis, than at 
later stages of growth and are also some- 
what higher in calcium. Moreover, young 
forage plants are much richer in vita- 
mins, especially in vitamin-A value. 

359. Protein content at various 
stages' of growth. — Many studies have 
been conducted to find the content of 
protein and other nutrients in various 



Immature, Actively-growing Grass Is Rich in Protein 

On excellent, actively-growing grass pasture, such as this, dairy cows do not need a 
concentrate mixture high in protein, for the young grass is rich in protein. 


per cent total digestible nutrients, in 
comparison with 51.0 per cent for clover 
and timothy hay of good quality, cut at 
the usual stage of maturity. There is 
probably an even greater difference in 
net-energy value between young grass 
or clover and hay made from the same 
crop at the usual stage of growth. 

When grass becomes mature, the 
digestibility and nutritive value are de- 
creased still more. If it is then weath- 
ered by exposure, it will resemble a 
rather poor grade of straw in composi- 
tion and value. The more digestible and 
valuable nutrients will have been largely 
lost by leaching or by the shattering of 
leaves and other finer parts. 


grasses and other forage crops at differ- 
ent stages of growth, 8 These investiga- 
tions have shown that under such cli- 
matic conditions as those in the northern 
part of the United States, the best pas- 
ture grasses will contain, before heading 
out, 16 to 20 per cent of protein, on the 
dry basis. At pasture stages of growth, 
alfalfa, red clover, or Ladino clover will 
have, on the dry basis, 20 to 25 per cent 
of protein or even more. 

The protein percentage in the 
grasses decreases greatly when they head 
out, largely because of the accumulation 
of carbohydrates. Also, after grass has 
headed out, there is a much smaller pro- 
portion of leaves in the plants. Grass hay. 
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*eut at the usual stages of maturity, will gen fertilizer are made, or on soils very 
generally have only 6 to 9 per cent of high in nitrogen, such as the peat soils 
protein, on the dry basis, and the later of the Florida Everglades district, 
it is cut, the lower will be the protein It will be noted in Appendix Table 

content. I, that mixed pasture grasses and leg- 

When grasses become mature and umes from fertile pasture in the southern 
especially when they are weathered by states have an average of only 3.8 per 
exposure, the protein may fall to only cent protein on the fresh basis, equiva- 
3 per cent or less, on the dry basis. Stock lent to 15.1 per cent on the dry basis, 
grazing on such grass will therefore suf- ^ In other districts of the United States the 
fer from a deficiency of protein, unless ’ protein content of mixed pasture grasses 
they are fed a protein supplement. and legumes from closely grazed, fertile 


Later, the Grasses and Cereals Are Lower in Protein 

When the grasses and cereals have headed out, the percentage of protein, on the dry 
basis, is much lower than at early stages of growth. Hereford cattle on rye pasture which 
has headed out. 

pasture averages 22.7 per cent, on the 
dry basis. 

360. Digestible nutrients at various 
stages. — Numerous experiments have- 
shown that young pasture forage is much 
more digestible than the same plants at 
a later stage of growth. The difference 
is especially great when the plants be- 
come mature and will be still greater if 
they are weathered by exposure. 

To a considerable extent the de- 
crease in digestibility as plants become 
more mature is due to the increase in 
lignin. 9 Lignin, which is classed with the 
carbohydrates, although not a true car- 
bohydrate, has a very low digestibility, 


The protein percentage of legume 
forage crops also decreases as they ad- 
vance in stage of growth, but to a much 
less extent than in the case of the grasses. 
For example, alfalfa hay cut before 
bloom has an average of 18.6 per cent 
protein,^' and alfalfa hay harvested after 
bloom still has an average of 12.9 per 
cent protein. (Appendix Table I.) 

Under such climatic conditions as 
in the southern states, grasses at the pas- 
ture stage seem generally to have a much 
lower percentage of protein than do 
grasses at the same stage in a cooler 
climate. This is apparently the case ex- 
cept when heavy applications of nitro- 
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even by ruminants or horses, and other 
animals can digest practically none of it. 
( 11 ) Its nutritive value is therefore much 
less than that of cellulose. The digesti- 
bility of older plants is also reduced be- 
cause the cell walls, especially of the 
stems, become lignified, or encrusted 
with lignin. This decreases the digesti- 
bility of the nutrients which are enclosed 
within the cell walls. 

The composition and digestible nu- 
trients in various important pasture and 
hay crops at different stages of growth 
are shown in Appendix Table I. For ex- 
ample, timothy hay, cut in early bloom, 
has 4.2 per cent digestible protein and 
51.7 per cent total digestible nutrients, 
on the average; that cut in full bloom, 
3.2 per cent digestible protein and 51.1 
per cent total digestible nutrients; and 
that cut at the late seed stage, only 1.9 
per cent digestible protein and 41.9 per- 
cent total digestible nutrients. Timothy 
hay cut at the latter stage is no higher 
in digestible nutrients than oat straw, al- 
though it has somewhat more digestible 
protein. 

361. Phosphorus and calcium at 
various stages. — Young grasses or leg- 
umes on land well supplied with phos- 
phorus have a good content of phos- 
phorus, usually containing 0.25 per cent 
or more of it, on the dry basis. The per- 
centage of phosphorus decreases some- 
what as the plants become older, but 
until they are nearly mature there will 
generally be plenty for livestock. If the 
forage becomes mature and weathered, 
the phosphorus content falls greatly. 
Even where there is no phosphorus de- 
ficiency in the soil, such forage may not 
supply enough to meet the requirements 
of animals pastured on it. 

Where the soil is slightly deficient 
in phosphorus, pasture plants may fur- 
nish enough phosphorus during active 
growth, but there may be a serious de- 
ficiency when the plants are mature and 
weathered. For example, on a New Mex- 
ico range pasture where there was a 
moderate deficiency of phosphorus, 
grasses had over 0.10 per cent of phos- 
phorus on the dry basis during active 
growth. 10 When the forage became ma- 
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ture and weathered during the winter, . 
it had only about one-half as much phos- 
phorus, which was much less than stock 
need for health. 

The percentage of calcium, on the 
dry basis, in grasses and other forage 
plants decreases somewhat as growth 
advances and carbohydrates are accumu- 
lated in the plants. However, the change 
is rough less than in the content of phos- 
phorus. Even mature and weathered 
grass will generally supply enough cal- 
cium for grazing animals, unless the soil 
is extremely deficient in the mineral. 

362. Vitamin content at various 
stages. — One of the most important facts , 
in livestock feeding is that all actively- 
growing green parts of plants have a 
very high vitamin-A value, because of 
their richness in carotene. This is shown 
by the analyses summarized in Appen- 
dix Table V. Such forage is also rich in 
most of the B-complex vitamins, in vita- 
min E, in ascorbic acid, and in certain 
unknown vitamins that are required by 
animals. (Chapter VII.) Good pasture 
therefore abundantly takes care of the 
vitamin needs of farm animals. 

It has been pointed out previously 
that green plants contain little or no vita- 
min D. However, this is generally not 
of importance for stock on pasture, be- 
cause their vitamin D requirements are 
met through the effect of the ultra-violet 
rays in sunlight. (201) 

The content of vitamins, especially'* 
of carotene, decreases as plant growth 
advances. 11 Early-cut hay is therefore 
much richer in vitamins than late-cut 
hay, if it is equally well cured. When 
pasture plants mature and dry, the caro- 
tene is lost rapidly. Practically all the 
carotene disappears from most grasses 
and other pasture plants when they be- 
come mature and weathered, but if the 
lower parts of the stems or some of the 
leaves remain green, a small amount of 
carotene will be retained. (196) 

363. Selective grazing. — If there is 
plenty of forage in a pasture, livestock 
tend to select the leaves and finer parts 
of the stems, which are more tender 
and more nutritious, and eat less of 
the coarser stemmy parts. The com- 
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! , position of the forage actually eaten may 

, u therefore differ appreciably from that of 
the entire plants, including all the stems. 

In recent New York studies with 
cattle on rather mature grass pasture, 
v ; they digested 60 per cent or more of the 
dry matter -in the forage eaten. 12 How- 
ever, when the entire plants were cut 
and fed to the cattle, only 45 per cent 
of the dry matter was digested. In the 
; case of very young and palatable pas- 

turage, there is much less selectivity in 
I "grazing. , 

f 364. Effect of rate of growth and 

' season of year. — Grass is generally rich 
I in protein, on the dry basis, and other- 

wise of high nutritive value, as long as 
it is kept growing actively and is pre- 
vented from heading out. Proper fertili- 
zation and good pasture management are 
therefore important to produce pastur- 
• age of high value throughout as much of 

!; the season as is possible. 

: The grass will usually be somewhat 

richer in protein in spring and early 
summer when the growth is most rapid, 
than later in summer. If growth is de- 
cidedly checked in midsummer by 
drouth, by a lack of available plant 
food, or by hot weather, the protein con- 
tent and the digestibility will be de- 
cidedly lower than that of grass at the 
same stage of maturity earlier in the 
. season. Often such pasturage will con- 
tain 12 per cent or less of protein, on 
the dry basis, in comparison with 16 
per cent or more for rapidly-growing 
grass. 

If the grass resumes rapid growth 
in the autumn after fall rains come, the 
protein content may be nearly as high 
as early in the season. In case the grass 
is allowed to head out and go to seed at 
any time, the protein content will be 
relatively low. 

365. Differences in effects on vari- 
ous crops. — There are marked differ- 
ences between various kinds of pasture 
and hay plants in the rate of changes as 
growth advances. Among the grasses, 
bromegrass retains its palatability and 
nutritive value over a much longer pe- 
riod than most grasses. The protein and 
carotene content fall less rapidly, and 
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there is less increase in fiber. Sudan grass 
also retains a high value over a long 
season. At the other extreme are such 
grasses as orchard grass and reed canary 
grass, which are readily eaten by stock 
when young but rapidly become woody 
and unpalatable. 

Among the grasses in the western 
range states, crested wheat grass starts 
% growth earlier in the season than most 
of the native grasses, but does not re- 
tain its palatability and nutritive value 
well after the blossom stage. To make 
good hay, such grasses as orchard grass 
or crested wheat grass must therefore be 
cut early. 

Most legume pasture and hay crops 
retain their palatability and nutritive 
value at late stages of growth somewhat 
better than the majority of the grasses. 
An exception is lespedeza sericea, which 
is unpalatable to stock except when very 
young. It soon becomes distasteful, be- 
cause of a considerable accumulation in 
the plants of tannin, which is bitter. 

366. Certain forage crops richer in 
nutrients when mature. — The only ex- 
ceptions to the general rule that imma- 
ture plants are lower in fiber and higher 
in total digestible nutrients, on the dry 
basis, than when mature, are such crops 
as corn, the small grains, the sorghums, 
and soybeans. In these crops large 
amounts of highly digestible nutrients are 
stored in the seeds as they approach ma- 
turity. The percentages of total digestible 
nutrients are therefore commonly higher 
when the seed has fully developed in 
such crops (considering both the seed 
and the stover or straw), than at an 
earlier stage. 

367. Immature grass not a concen- 
trate. — Occasionally, some persons be- 
come so enthusiastic about the nutritive 
merits of first-class pasture that they con- 
clude it is fully the equivalent of a 
protein-rich concentrate. This is a con- 
siderable exaggeration. 

Good pasture forage may be fully 
as rich in protein, on the dry basis, as 
wheat bran or wheat middlings, and 
even as rich as corn gluten feed or brew- 
ers 5 dried grains. In vitamin content such 
forage is unexcelled. However, in two 
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important respects the best of immature 
forage differs markedly from a high- 
grade concentrate. This is in the per- 
centage of fiber, and consequently in the 
content of total digestible nutrients or 
net energy. 

For example, corn grain has only 
about 2 per cent fiber, while young pas- 
ture forage will usually have 18 to 20 
per cent, if dried to the same dry matter 
content. Because of the large difference 
in fiber, pasture forage furnishes consid- 
erably less total digestible nutrients, on 
the dry basis, than do high grade con- 
centrates. 

In content of total digestible nutri- 
ents young* pasture forage of good qual- 
ity is about half way between high- 
grade concentrates and good hay. High- 
grade concentrates usually have 75 per 
cent or more of total digestible nutrients; 
good hay has about 50 per cent; and 
first-rate pasture forage 60 to 67 per 
cent, when dried to a hay basis. There 
is an even greater difference in the net 
energy value of pasture forage and of 
high-grade concentrates. 

By providing dairy cows, beef cat- 
tle, and sheep with an abundance of 
good pasture throughout the growing 
season, and with plenty of first-rate hay 
or hay and silage in winter, the amount 
of concentrates needed for good produc- 
tion can be considerably reduced. How- 
ever, good pasture and high-quality hay 
cannot fully take the place of concen- 
trates. 

Dairy cows of high productive ca- 
pacity need some concentrates in addi- 
tion to excellent pasture and other high- 
quality roughage, or their milk yield will 
be much reduced. (1023) This is well 
shown by Montana tests in which cows 
that had been fed a liberal amount of 
concentrates the previous year, were 
then fed for a year on only roughage of 
the very best quality. 13 During the graz- 
ing season this was pasture on irrigated 
land, and in winter either hay or silage 
made from immature pasture forage. On 
roughage alone the cows yielded only 
63 per cent as much milk, on the mature- 
equivalent basis, as during the previous 
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year when they had been fed concen- 
trates in addition. r 

Similarly, concentrates are needed 
in addition to good pasture to produce 
a good degree of fatness, or finish, on 
young beef cattle. In the case of pigs 
and poultry, the difference in the effects 
of young forage plants and of concen- 
trates is still greater. This is because their 
digestive tracts do not enable them to 
eat a great amount of roughage. Even 
with the best of pasture as the only 
feed, pigs will not make normal growth, 
to say nothing about fattening. Though 
good pasture is important in poultry pro- 
duction, it cannot replace much of the 
concentrates. 

368. Mature, weathered forage usu- 
ally of low value. — In the semi-arid 
range districts, stock usually get most 
of their feed during the winter or during 
the dry season by grazing on forage 
which has matured and dried. As we 
have seen, mature grass is always low 
in protein and phosphorus and may have 
practically no carotene. If it is weathered 
by exposure to rains, the value will be 
lessened still further by leaching. 

Where there is little or no rainfall 
after the grass matures, there is less loss 
through weathering, but still the mature 
grass will have a much lower value than 
before it matures. For this reason, cattle 
and sheep on range pasture make most 
of their gains in weight during the period 
when the forage is growing actively. 

Weathered, mature forage resem- 
bles straw in composition and feeding 
value. It is very low in protein and phos- 
phorus, it has practically no carotene, 
and it is lacking in palatabiiity and is 
low in digestibility. When badly weath- 
ered, the forage may not even furnish 
enough nutrients for body maintenance. 

If stock receive no other feed, they may 
suffer severely from nutritive deficien- 
cies. For example, it was found in Cali- 
fornia studies that because of the lack 
of carotene, cattle or sheep which had 
only such weathered range forage for 
long periods were often unable to pro- 
duce normal offspring. (192) 
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'i Some forage plants lose much less 
Nutrients by weathering than do others. 
For example, the wire grasses and sedges 
of the West often furnish much more 
nutritious winter feed than other grasses. 
Also, bur clover makes good feed even 
when mature, and winter fat (often 
called white sage) and some of the true 
sages have a good feeding value in win- 
ter. In general, the nutritive value of 
the grasses falls more with maturity and 
weathering than the value of the browse 
which stock get from the leaves and 
small twigs of shrubs. 

369. Effect of grazing or frequent 
cutting on yield. — When grasses or leg- 
umes are cut at frequent intervals 
throughout the season, as on a well-kept 
lawn, the total yield of dry matter is 
usually much less than when they are 
allowed to grow to the usual hay stage. 14 
This is because there is then a smaller 
leaf surface exposed to the sunlight. 
Therefore, the production of carbohy- 
drates through the action of sunlight on 
. the chlorophyll of the leaves is de- 

creased. The same result is produced by 
close grazing of the crop. 

The effect of frequent cutting or of 
close grazing will depend on the kind 
of plants and also on other factors. The 
yield of tall-growing plants, such as al- 
falfa, red clover, alsike clover, orchard 
grass, and the ordinary kinds of timothy, 
is reduced much more than that of low- 
growing spreading pasture plants, such 
as Kentucky bluegrass, Bermuda grass 
and white clover. Too-frequent cutting 
or too-close grazing of the taller plants 
may also seriously lessen their vigor, be- 
cause of depletion of reserve food in the 
roots. This not only reduces the yield but 
may cause the plants to die out. 

Differing from the yield of dry mat- 
ter, the total yield of protein during the 
season may be greater when the crop 
is cut frequently or grazed than when 
it is cut for hay. Also, since very imma- 
ture plants are lower in fiber and more 
digestible than at the hay stage, the 
yield of total digestible nutrients is not 
reduced so much as the dry matter. 

In general, pasture mixtures of 
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grasses and legumes which are cut every 
2 to 3 weeks will yield only 50 to 70 
per cent as much diy matter and 60 to 
75 per cent as much total digestible nu- 
trients during the season, as when they 
are harvested at the usual hay stages. 
In Pennsylvania tests pasture mixtures 
cut every month yielded only 66 per 
cent as much dry matter over a 5-year 
period as when 2 cuttings a season were 
* made for hay. 15 Cutting the pasture mix- 
ture every week or continuous close graz- 
ing will reduce the yield even more. 

Because continuous close grazing 
tends to reduce the yield of most pas- 
tures, the production of forage is usually 
increased somewhat when a* system of 
rotation or alternate grazing is used in- 
stead. (376) 

370. Effect of soil and fertilizers on 
composition. — Not only is the yield of a 
forage crop dependent on the amount of 
mineral nutrients in the soil, but also its 
composition may be greatly affected. 
Many experiments have been conducted 
to determine the effect of soil fertility 
and fertilizer applications on the com- 
position of pasture, hay, and other for- 
ages. 16 Only a very brief summary of 
the more important findings can be pre- 
sented here. 

It is fortunate that the soil treat- 
ments which give the highest crop yields 
also generally produce forage of high nu- 
tritive value. Such forage will usually 
have a good content of protein and min- 
erals, and it is apt to be richer in vita- 
mins than forage that has made poor 
growth because of a lack of soil fertility. 

Properly fertilized pasture plants 
continue growth over a longer period 
than those on infertile soil, and thus 
provide good feed for a longer time. 
Another important advantage is that pas- 
turage on well-fertilized land is more 
palatable to stock than that grown on 
poor land. (98) This may largely be be- 
cause the plants are more succulent. 

Except where forage is deficient in 
phosphorus or in one of the trace min- 
erals, the chief benefit from applying 
fertilizer to pastures or meadows is usu- 
ally from an increase in yield, or from 
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an increase in the proportion of legumes. 
A larger proportion of legumes will, of 
course, decidedly increase the richness 
of the mixed forage in protein, calcium, 
and vitamins. Also, the nitrogen supplied 
by the legumes will tend to increase the 
protein content of the grasses in the 
mixture. ( 449 ) 

Commonly, the yield of forage on 
phosphorus-deficient soil will be in- 
creased by phosphate fertilization much 
more than enough to repay the expense. 
In addition, liberal phosphorus fertiliza- 
tion will usually correct any phosphorus 
deficiency in the forage. However, a 
moderate application of phosphate to 
such a soil may at first only increase the 
yield, without increasing the percentage 
of phosphorus in the crop. 

On phosphorus-deficient range pas- 
tures in the drier regions, the forage 
production per acre may be so low that 
it may not be at all practical to apply 
phosphate fertilizer to the soil. In such 
cases the phosphorus deficiency in the 
forage can readily be corrected by feed- 
ing bone meal or some other safe phos- 
phorus supplement to the stock, as ad- 
vised in Chapter VI. (158-167) Any 
deficiency of a trace mineral, such as 
cobalt, copper, or iron, can likewise be 
corrected by adding the trace mineral to 
the salt. (172-173, 175) 

Where legumes do not thrive be- 
cause of a lack of lime, phosphorus, or 
potash, adequate fertilization will com- 
monly improve the nutritive value of 
pasturage and hay greatly. This is be- 
cause it will increase the proportion of 
legumes in the forage. 

Grass grown in partial shade, as in 
open woods, not only produces much 
less forage than that fully exposed to 
sunlight, but also is less palatable. This 
is probably because it has less sugars 
and starch. 

371. Phosphorus and calcium con- 
tent. — It has been emphasized in Chap- 
ter VI that grass or other forage grown 
on soil very deficient in phosphorus may 
be so low in this mineral that stock 
grazed on it suffer disastrously, unless 
fed a phosphorus supplement. (150) 
Pasture grass on phosphorus-deficient 


soil may contain less than 0.10 per cent 
phosphorus on the dry basis, in compari- 
son with 0.20 to 0.40 per cent or more 
for grass from fertile pastures. In Texas 
studies it was concluded that pasture 
forage having less than 0.15 per cent 
phosphorus on the dry basis did not 
supply enough to meet safely the re- 
quirement of beef cattle grazed on the 
pasture without other feed. 17 

Legume forage is also much lower 
in phosphorus content than normal when 
grown on phosphorus-deficient soil, but 
the content does not usually drop to 
quite such a low level as in the case 
of the grasses. However, most legumes 
are exceedingly sensitive to a lack of 
this mineral nutrient and do not thrive 
or yield well unless there is an ample 
supply of phosphorus. 

The percentage of calcium in non- 
legume forage crops is considerably re- 
duced when the crops are grown on soil 
deficient in calcium. However, the cal- 
cium content is not often so low that 
livestock suffer from a lack of calcium. 
(149) While the percentage of calcium 
in legume forages depends to some ex- 
tent on the calcium content of the soil, 
they are always relatively high in the 
mineral. When the soil is too deficient 
in calcium, the legume crop will not 
thrive, but the small amount of forage 
produced will be fairly high in calcium, 

372. Protein content. — The yield 
of non-legume forage crops often de- 
pends largely on the amount of nitrogen 
in the soil. However, the percentage of 
protein in such crops Is not affected by 
the supply of soil nitrogen to any such 
extent as a deficiency of soil phosphorus 
lowers the content of this mineral. 

In the case of the grasses, the pro- 
tein percentage at immature stages of 
growth is usually increased materially 
by nitrogenous fertilization, unless the 
soil is already well supplied with nitro- 
gen. This increase may be sufficient to 
add appreciably to the feeding value of 
grass pasture or of grass hay cut very 
early. Also, nitrogen fertilization in- 
creases the palatability of the grasses. 

The application of nitrogen ferti- 
lizer to grass early in the spring may not 
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\ increase the protein content appreciably 
" kt the usual hay stage, though increasing 
the yield considerably. By making a sec- 
ond application of nitrogen when timo- 
thy was heading out, the protein con- 
tent of timothy hay was increased over 
1 per cent in New Jersey tests. 18 By 
very heavy and repeated applications 
of nitrogen to Coastal Bermuda grass in 
experiments in southern Georgia, an 
average of 7.8 tons of hay per acre was 
secured, containing the high content of 
12.7 per, cent protein. 19 

Proper inoculation and also liming, 
when necessary, not only increase the 
yield of alfalfa and other legume for- 
ages, but in addition make them richer 
in protein. On the other hand, if such 
crops are well inoculated with the proper 
bacteria, nitrogenous fertilization will 
not produce much increase in the per- 
centage of protein in the plants. 

II. The Improvement and 
Utilization of Pasture 

373. Importance of pasture im- 
provement. — In spite of the great im- 
portance of pastures for livestock, pas- 
ture improvement received relatively 
scant attention in this country until re- 
cent years. All too commonly, farmers 
made little effort to increase the pro- 
ductivity of their pastures. They failed 
to treat pasture as a valuable crop. If 
the soil was fertile and the summer rains 
were timely, their stock thrived during 
the grazing season. On the other hand, 
if lack of fertility or drouth caused a 
serious shortage of feed in midsummer, 
the returns were much decreased. 

Now, however, there is wide-spread 
interest in pasture improvement, and 
progressive farmers fully appreciate its 
importance. This change has come about 
largely through the numerous pasture 
experiments and demonstrations carried 
on by the state experiment stations and 
agricultural colleges, by the United 
States Department of Agriculture, es- 
pecially through the Soil Conservation 
Service, and by other agencies. In addi- 
tion, much excellent work on pasture 
improvement has been done abroad. 

These studies show convincingly 
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that in most localities a great increase 
can readily be made in the yield of pas- 
tures, and that wise expenditures for 
this purpose are usually highly profit- 
able. In nearly all regions, pasture im- 
provement will greatly reduce the cost 
of livestock production. 

It is outside the scope of this vol- 
ume to discuss in detail the fertilization 
and management of pastures under the 
various conditions throughout the coun- 
try, or to review the results that have 



Cows Need Abundant Pasture 


A cow has only a 3 to 4 inch “lawn 
mower” to harvest forage. Abundant pasture 
is needed, so she can get her fill without 
undue exertion. (From New York State Col- 
lege of Agriculture. ) 

been secured in the numerous pasture 
investigations. 20 All that can be done is 
to summarize briefly certain of the most 
important findings. For further informa- 
tion the reader is referred to the publica- 
tions of his state experiment station or 
agricultural college, or to those of the 
United States Department of Agricul- 
ture. 

Wherever a suitable legume will 
thrive in a pasture mixture, a much 
higher yield of forage is usually secured 
from a legume-grass mixture than from 
grasses alone. Such forage will have a 
considerably greater nutritive value, be- 
cause of its higher content of protein, 
calcium, and vitamins. Also, a well- 
adapted legume-grass pasture will gen- 
erally provide good feed over a much 
longer season than grass alone. Among 
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the legumes that are widely used in pas- is one of the most common faults in pas- 
ture mixtures in various parts of our ture management. It not only reduces 
country are alfalfa, Ladino clover, white the yield, but it also weakens and drives 
clover, birdsfoot trefoil, and lespedeza. out the most desirable pasture plants, 
The best mixtures to use for pasture because they are eaten down so closely 
on any particular farm is a local prob- that there is no opportunity for them to 
lem, the choice depending on climate, store reserve nutrients in their roots. In- 
soil, and level of fertility. Therefore, jury is especially apt to result if heavy 
anyone in doubt as to what mixture to grazing is begun before sufficient growth 
use should consult his county agent or is made in the spring, and if the fall 
agricultural college, describing his local growth is grazed so closely that no cover 
conditions. In a pasture mixture all the is left for winter protection. In addition 
species of plants should be about equal to these bad effects of overgrazing, it 
in palatability. Otherwise the stock may greatly increases soil erosion, 
not eat the less palatable plants. Such low-growing plants as Ken- 

Unless one is sure that the pasture tucky bluegras s and wild white clover 
will be well managed and tall growth will stand continuous close grazing much 
will be clipped when necessary, it is a better than taller-growing plants. Al- 
mistake to include in a mixture for a falfa, Ladino clover, and bromegrass are 
large pasture such a grass as orchard all apt to be injured severely by con- 
grass or tall fescue, which is low in pal- stant close grazing and give the best 
atability except when very young. results when grazed by the rotation 

374. Proper grazing essential for method. (376) 
high pasture yields.— Proper grazing In a pasture mixture of a tall grass 

management is essential for good results with low-growing white clover or even 
from any pasture. The chief objects are: ladino clover, if the grass grows up too 
(1) To keep the pasture plants grow- tall it will shade the clover and tend to 
mg actively over as long a period as kill it out. Such a pasture should there- 
possible, so thev will provide palatable fore be grazed heavily during the flush 
feed of high value; and (2) to encourage of spring growth, so as to keep the grass 
the growth of desirable grasses and leg- down. If the forage gets ahead of the 
umes, while weeds, brush, and inferior stock, the field should be cut for silage 
grasses are crowded out. In general, the or hay. 

protein content of pasturage depends I n ran § e areas stock commonly se- 

much more on proper management than cure all or most of their feed in winter 

on fertilization. or * n the dry season from standing ma- 
in all humid districts the pasture ture grass and other forage that has been 

should be so managed that the grasses saved for this purpose. The nutritive 
do not head out and go to seed. If the value of such feed is apt to be so low 
plants mature, the forage becomes un- that mineral or protein supplements are 
palatable and of low nutritive value, needed in addition. 

Moreover, the new growth is diminished, Even in humid districts occasion- 

and what there is may be wasted, be- ally a field is not pastured the latter part 
cause stock will refuse to eat the ma- of the season, but instead the forage is 
ture grass along with it. In addition, if allowed to grow up and mature so as 

the grasses grow so high as to shade a to supply feed late in the fall or in the 

low-growing legume, such as white winter. The advisability of such a prac- 
clover, they will drive it out. Weeds, dee will depend chiefly on the usual 

brush, and coarse grasses are, moreover, weather at that time of the year. At 

apt to gain a foothold when the pasture best, such forage is much less nutritious 

is grazed insufficiently. A good rule is than immature forage or than good hay 

to graze the pasturage all down closely or silage. 

at least once a year. 375. Other points in pasture man- 

Overgrazing throughout the season agement. — Even when a pasture is well 
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*■ managed, stock are apt to graze it un- 
evenly. Some of the grass will head out 
and then may not be eaten during the 
rest of the season. If the land is not too 
rough or stony, it is wise to mow all 
such spots at least once a year at the 
usual haymaking time or before, to get 
rid of the old grass and to encourage 
new growth. It is especially important 
to cut all weeds and brush. If there is 
a uniform stand of good pasture plants 
in the pasture, with but few weeds, there 
may not J^e much advantage in mowing 
it when it is rather heavily grazed. 

Stock will not graze the rank rings 
of grass around piles of droppings in 
the pasture, unless forced to it by hun- 
ger. Therefore in heavily-stocked cattle 
or horse pastures, there is considerable 
wastage of feed unless the droppings 
are spread at least once a year with a 
harrow. 

A field will be grazed more uni- 
formly if more than one kind of stock 
is pastured on it, and the return from 
the pasture may be thus increased. 21 Ro- 
tating two or more species of stock not 
only helps to control grazing, but it also 
aids in reducing the trouble from in- 
ternal parasites. 

For efficient use of the pasture, it 
is important to provide a good supply 
of water and also shade. Since stock on 
good pasture spend much of their time 
in the shade, if it is available, fertility 
is conserved when shade trees are lo- 
cated at the top of a slope, instead of 
at the bottom of the slope or on the 
banks of a stream. 

The stock should be turned on a 
pasture in the spring just as soon as the 
plants have made sufficient growth and 
the soil is firm enough to stand tram- 
pling. If grazing is delayed longer, it 
may be impossible, during the period of 
rapid growth which follows, to prevent 
much of the grass from becoming too 
mature. 

Grazing farm woodlots in the north- 
ern states is undesirable, for the stock 
secure but little feed and the reproduc- 
tion of desirable trees is largely pre- 
vented. In a 5-year Wisconsin test, 
woods pasture produced only 276 lbs. of 


dry pasture forage per acre, in compari- 
son with 1,453 lbs. for untreated open 
pasture and 3,210 lbs. for renovated pas- 
ture. 22 

North Carolina experiments indicate 
that careful grazing in the pine forests 
of the southeastern states may not do 
much damage to the forest growth, and 
it reduces the danger from damage by 
fire. 23 

Sometimes grass pastures are burned 
early in spring to remove dead vegeta- 
tion or to kill undesirable shrubs. 24 
While such burning may increase the 
spring growth of grass, annual burning is 
apt to he decidedly injurious over a term 
of years. This is because it destroys much 
organic matter and increases danger of 
erosion. Burning pastures is therefore ad- 
visable only under special circumstances 
and when recommended by agronomists 
familiar with local conditions. 

376. Rotation or alternate grazing. 
— Especially for well-fertilized, high- 
yielding pastures, the method of rotation 
or alternate grazing is often used, in- 
stead of keeping the stock continuously 
on a single field throughout the season. 
Even on permanent pasture, rotation 
grazing tends to increase the yield of 
forage slightly. It is more advantageous 
with such pasture crops as alfalfa, La- 
dino clover, and bromegrass, which are 
injured by continuous close grazing. Such 
a combination as alfalfa or Ladino 
clover with bromegrass, timothy, or or- 
chard grass, grazed rotationally or at 
least not overgrazed, will generally fur- 
nish much more good forage in mid- 
summer than any permanent pasture. 

In rotation grazing, there are 2 or 
more separate fields which are pastured 
in succession. After each area is grazed 
down, the animals are removed, and the 
forage is allowed to grow up to a 
height of 4 to 6 inches, before it is 
grazed again. Most of the feed is there- 
fore eaten when it is rich in protein and 
digestible nutrients, and before it be- 
comes less palatable. If the rainfall is 
abundant and the grass grows so fast the 
stock cannot graze it all, one of the 
areas should be cut early for silage or for 
hay, to prevent the bad effects of under- 
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grazing. The second growth of this area 
will then provide pasture during the mid- 
summer season, when there is usually a 
shortage of good pasture. 

Additional fencing is required for 
rotation grazing, and each plot must be 
accessible to a water supply. This can 
often be provided best by having the 
plots open into a common lane, where 
water is available. 

Numerous experiments have been 
conducted in various parts of this coun- 
try to compare rotation grazing with 
well-managed continuous grazing for 
dairy cows, 25 dairy heifers, 26 beef cat- 
tle, 27 and sheep. 28 These studies show 
that rotation grazing is very desirable 
for those pasture crops that do not stand 
continuous grazing well. Such pastures 
are alfalfa, Ladino clover, and mixtures 
of these legumes with a suitable grass. 
In most experiments rotation grazing of 
a permanent pasture has not increased 
the yield of forage enough to warrant 
much additional expense. In such trials 
the increase from rotation grazing has 
not exceeded 10 per cent, and in some 
experiments there has been little or no 
difference in yield. 

High-producing dairy cows are ben- 
efited by rotation grazing more than are 
dairy heifers or beef cattle. This is be- 
cause a high-yielding cow must have an 
abundance of feed throughout the sea- 
son, or her milk flow will be seriously re- 
duced. If her milk yield has once fallen 
badly, it is difficult to bring it back later 
by liberal feeding. On the other hand, 
while short pasture will reduce the gains 
of growing or fattening cattle, they will 
again make good gains later in the sea- 
son if the forage becomes plentiful 

Rotation grazing is important for 
sheep, as it aids in preventing trouble 
from internal parasites. It is of similar 
advantage for horses or cattle in any area 
where infection with internal parasites 
is serious. In swine production fresh 
pasture, on which no swine have grazed 
that season, is exceedingly important 
for the young pigs at weaning time. 

377. Strip grazing or rationed graz- 
ing. — Very recently there has been con- 
siderable interest in this country in 



“strip” or “rationed” grazing. In this 
method, which is often used in New Zeal 
land for dairy cows, a fresh strip of 
pasturage is provided each day for the 
stock by means of electric fences. The 
width of each strip is adjusted so that it 
will furnish enough feed for the day. By 
this method there is less injury of the 
plants by trampling, but considerably 
more labor is required than in continuous 
or rotation grazing. 

In a California experiment with 
dairy cows there was no appreciable dif- 
ference in the results from strip grazing 
and from well-managed rotation grazing 
of irrigated Ladino clover-orchard grass. 
pasture. 29 In a Minnesota test " with 
heifers, the yield of forage was ’much 
greater with strip grazing than with con-* 
tinuous grazing, but the continuously 
grazed pasture was permitted to grow 
up without being clipped. 30 

In a California experiment with 
beef steers, 39 per cent more beef per 
acre was produced on alfalfa or alfalfa- 
grass pasture when strip grazed than 
when rotation ally grazed. 31 The beef pro- 
duction per acre was still higher when 
the forage was cut and fed as green 
soilage. ( 387 ) 

Comparisons over several seasons 
are needed to determine just how much 
increase in production can generally be 
expected from strip grazing, in com- 
parison with well-managed rotation or 
continuous grazing. 

378. Methods of pasture improve- 
ment. — The rpethods to be used in im- 
proving a run-down pasture should de- 
pend entirely on the conditions in that 
particular pasture. Proper grazing man- 
agement is always necessary to get the 
best yield from pasture, but this alone 
will do little to improve a poor pasture. 

If a run-down permanent pasture 
still has a fairly good distribution of de- 
sirable pasture plants, fertilization alone 
may be all that is needed to increase de- 
cidedly the yield of forage and to im- 
prove its nutritive value. Usually phos- 
phorus fertilization is required on such 
a pasture, and lime or potash may also 
be needed. Adequate fertilization will 
greatly increase the stand and vigor of 
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desirable grasses and also on suitable 
soil will tend to bring back white clover 
or other adapted native legumes. Unless 
such fertilization will bring a consider- 
able proportion of legumes into the pas- 
ture, nitrogen fertilization also will gen- 
erally be needed. 

Many experiments during recent 
years have shown that certain newer pas- 
ture combinations greatly surpass in 
yield and feeding value such permanent 
pastures as Kentucky bluegrass in the 
North or ;Bermuda grass in the South. 
Desirable combinations are alfalfa with 
bromegrass or timothy, Ladino clover 
with grass, and lespedeza and grass. 
More complex mixtures are often desir- 
able, because the soil and drainage con- 
ditions may differ considerably in various 
parts of a field. Some of the plants in 
the mixture may thrive best in certain 
areas, while in other spots they may not 
do well, but will be replaced by plants 
that are suited to the conditions there. 

If a run-down pasture is tillable, the 
best results are usually secured when the 
field is plowed, fertilized properly, and 
reseeded with an adapted high-yielding 
pasture mixture. Several experiments 
have proved that such pastures greatly 
excel well-fertilized permanent grass pas- 
tures. For example, in an Indiana test 2 
acres of good bluegrass pasture were 
needed per dairy cow, while only 1 acre 
per cow of alfalfa-brome pasture pro- 
vided a better supply of forage. 32 In 
addition, the growth of forage was some- 
times so rapid the first part of the season 
that the excess was used for hay-crop 
silage. The superior nutritive value of 
the alfalfa-brome pasture is shown by 
the fact that the daily yield of milk per 
cow was 10 per cent higher than for the 
cows on the bluegrass pasture. 

In Wisconsin tests the average yield 
of dry matter per acre over a 6-year 
period was 6,834 lbs. from alfalfa-brome 
pasture for dairy cattle. 33 Bluegrass pas- 
ture with complete fertilization, includ- 
ing nitrogen, yielded only 3,871 lbs. of 
dry matter a year over a 9-year period, 
and bluegrass without nitrogen fertiliza- 
tion but 2,361 lbs. 

Similar improvement can be made 


in pasture for other classes of stock by 
plowing, fertilizing, and reseeding to 
a good pasture mixture. In the southern 
states the results are especially striking, 
because pasture can be provided during 
most of the year by a suitable combina- 
tion of legumes and grasses. Thus, on 
light soil in Georgia the average yearly 
gain of beef steers on unimproved car- 
pet grass pasture was only 76 lbs. per 
acre over a 10-year period. 34 On pas- 
ture which was reseeded to a mixture 
of Dallis grass, carpet grass, lespedeza, 
and white clover and which received a 
complete fertilizer, the average yearly 
gain per acre was 321 lbs. for the same 
period. 

379. Renovating permanent pas- 
ture. — Old hillside pastures where there 
is danger of serious erosion if the land 
is plowed, and also pastures that are so 
stony or rough that plowing is difficult, 
can be successfully renovated without 
plowing. This is done by cutting up the 
sod thoroughly very early in the spring 
with a disk, spring tooth harrow, or cul- 
tivator, smoothing with a harrow, ferti- 
lizing adequately, reseeding with a suit- 
able mixture of legumes and grass, and 
then covering the seed with a harrow 
or cultipacker. Stock must be kept off 
the renovated area until the new plants 
become well established. 

In Wisconsin tests the annual yield 
of dry matter per acre on renovated pas- 
tures with moderate slope was double 
the yield on unrenovated pastures. 35 On 
steeper slopes the yield was increased 
still more. 

380. Pasture fertilization. — Pasture 
fertilization is of two general types. The 
first is fertilization with phosphate or 
phosphate and lime, and with potash in 
addition, if needed. In this type of fer- 
tilization legumes are relied upon as the 
source of additional nitrogen. In the sec- 
ond type of fertilization nitrogen ferti- 
lizer is also applied. 

The choice between the two meth- 
ods should depend on the local condi- 
tions. Where a pasture mixture can 
readily be established and maintained 
which contains a considerable propor- 
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tion of a high-yielding legume, such as 
alfalfa or Ladino clover, there is no need 
of nitrogen fertilizer. Indeed, such a 
legume-grass combination will provide 
a much more uniform supply of feed 
throughout the summer than can be ob- 
tained from grass pasture, even with 
liberal fertilization. This is because these 
legumes make much more growth in mid- 
summer than do most grasses, especially 
Kentucky bluegrass. 

The forage from such a legume- 
grass pasture is also even richer in pro- 
tein, minerals, and vitamins than the for- 
age on a well-fertilized grass pasture. In 
addition, the cost of securing additional 
forage from pasture is much less when 
legumes are used to furnish nitrogen 
than when nitrogen fertilizer is used on 
a grass pasture, like Kentucky bluegrass. 

This is shown in Wisconsin experi- 
ments in which bluegrass pasture with 
complete fertilization, including nitro- 
gen, was compared with pasture in which 
a combination of alfalfa and grass was 
maintained by suitable renovation. 36 
Both of these" pastures were compared 
over a 7-year period with a bluegrass 
pasture which was fertilized with lime, 
phosphate, and potash, but with no ni- 
trogen fertilizers. In comparison with 
this latter pasture, the alfalfa-grass mix- 
ture furnished additional digestible nu- 
trients at only about one-half the cost of 
the additional forage secured by the use 
of the nitrogen fertilizer on bluegrass 
pasture. 

By liberal use of a complete ferti- 
lizer, including nitrogen, on grass pas- 
ture, high yields of forage can be se- 
cured. Unfortunately, however, most of 
the additional growth from nitrogen 
fertilization comes in the spring and fall, 
when pasture is usually plentiful, and 
not during the period of midsummer 
shortage. This is because such grasses as 
Kentucky bluegrass make but little 
growth in hot, dry weather, even when 
liberally fertilized. On the other hand, 
plants such as alfalfa, bromegrass, or 
orchard grass, which are deeper-rooted 
and more drouth resistant, will continue 
to make considerable growth. Though 
Ladino clover is not very deep rooted, it 


makes much more growth in midsummer 
than bluegrass, unless drouth is severe. 

Nitrogen fertilization very early in 
the spring will stimulate the growth of 
grass so that the pasture will often be 
ready for grazing 10 days to 2 weeks 
earlier. By such fertilization of a suit- 
able pasture field, the barn-feeding 
period for a dairy herd can generally be 
reduced appreciably. 

381. Intensive pasture fertilization. 
— An intensive method of pasture ferti- 
lization, combined with rotation grazing, 
is sometimes used on dairy farms where 
the pasture area is very limited, as is 
often the case near large cities. Com- 
plete fertilizers are applied in liberal 
amounts, including a nitrogen fertilizer 
in early spring. Frequently nitrogen fer- 
tilizer is also used during the growing 
season to keep the forage growing 
rapidly over as long a period as is pos- 
sible. The liberal fertilization with ni- 
trogen stimulates the growth of grasses 
so much that they tend to crowd out leg- 
umes from the pasture. 

In this system the pasture is di- 
vided into 4 to 8 paddocks, about equal 
in size, and often the herd is divided into 
2 or more groups. The first group, con- 
sisting of the cows in milk, are pastured 
first for a few days on each plot in suc- 
cession, thus getting the most liberal 
supply of forage. Then the dry cows and 
the heifers are turned into the plot to 
complete the grazing. Sometimes the 
cows in milk are divided into 2 groups, 
and the high producers grazed first on 
each plot. 

In this system it is important to dis- 
tribute the droppings by harrowing at 
least once a year. Also, a plot should be 
mowed whenever necessary to prevent 
the grass going to seed. Even under this 
system, it is difficult to provide ample 
forage on the pasture area itself during 
midsummer. Therefore, additional graz- 
ing should be furnished at that time, if 
necessary, by a field that has been cut 
early for hay, by Sudan grass pasture, 
or otherwise. This system is often called 
the Hohenheim system, from the Hohen- 
heim Agricultural College in Germany, 
where it was first developed. 
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Experiments with this system in this 
country have shown that the yield of nu- 
trients can often be increased 2 to 4 
times over that on unfertilized pastures 
grazed by ordinary methods. 37 The cost 
of such a system of fertilization and man- 
agement is considerable, but where the 
pasture area is limited, the method may 
yield good net returns, on account of the 
saving of other feed. It is doubtful 
whether even under these conditions it is 
as economical as the use of such legume- 


in furnishing feed in midsummer. How- 
ever, even with these excellent combina- 
tions, there may often be a shortage of 
pasturage during a midsummer drouth. 

Especially for dairy cows, it is very 
important that additional roughage be 
supplied whenever there is a shortage on 
their regular pasture. An excellent way 
to supplement short midsummer pasture 
is to use for pasture at this time the sec- 
ond crop on a mixed grass-and-legume 
hay field that has been cut early. 



Abundant Midsummer Pasture on Early-cut Hay Field 

An excellent way to supplement short midsummer pasture is to use for pasture at this 
time the second crop on a mixed grass-and-legume hay field which has been cut early. 


grass pasture mixtures as alfalfa-brome- 
grass or Ladino clover and grass, where 
such mixtures do well. 

382, Providing good pasturage over 
a long season. — In order to secure the 
greatest net returns from livestock, it is 
essential that an abundant supply of 
good pasturage be provided over just as 
long a season as is possible. It has been 
pointed out in this chapter that such 
legume-grass combinations as alfalfa 
with bromegrass or Ladino clover with 
grass excel in providing high-quality for- 
age over a long period. In particular, 
these combinations far surpass such per- 
manent pasture as Kentucky bluegrass 


Another method is to grow an an- 
nual crop like Sudan grass for pasture at 
this time. Sudan grass is especially adapt- 
ed for midsummer pasture, for it stands 
drouth well and thrives in hot weather. 
If there is no drouth in midsummer and 
the Sudan grass is not needed for pas- 
ture, it can be made into hay or silage. 

If pasture becomes short and no 
supplementary pasturage is available, 
then dairy cows should be fed silage, 
hay, or a green soiling crop to supple- 
ment what forage is available. This is 
generally much more economical than to 
keep up milk production by considerably 
increasing the amount of concentrates 
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fed the cows. It is shown later in this 
chapter that in this country silage gen- 
erally furnishes cheaper feed than do 
soiling crops for supplementing short 
pasture. (386) 

In the southern states it is impor- 
tant to utilize the mild winter climate 
fully by providing, over as long a period 
as possible, fall and winter pasture on 
legume-grass mixtures or on winter grain. 
Even in the more northern states the pas- 
ture season can be lengthened somewhat 


or any other nutritive essential and the 
lack is not corrected by feeding a min- 
eral or other supplement, proper fertili- 
zation to overcome the deficiency will be 
of great benefit. 

For example, in recent California 
experiments in a phosphorus-deficient 
area of the Imperial Valley, steers fat- 
tened on alfalfa hay alone from unfer- 
tilized land made decidedly smaller gains 
and required more hay per 100 lbs. gain 
than did steers fed hay from phosphated 



Sudan Grass Provides Excellent Midsummer Pasture 

Sudan grass furnishes excellent pasturage in midsummer when the forage on permanent 
pastures is apt to be scanty. (From New York State College of Agriculture, Cornell Uni- 
versity.) 


in spring and fall by pasturing winter 
grain. As has been mentioned previously 
in this chapter, early spring application 
of nitrogen fertilizer on grass pasture will 
often make it possible to turn stock on 
pasture 10 days to 2 weeks earlier. 

383. Nutritive value of fertilized 
and unfertilized forage. — Several ex- 
periments have been conducted to com- 
pare the production by livestock on fer- 
tilized and unfertilized pasture, and in 
other tests hay from a fertilized field has 
been compared with that from an unfer- 
tilized field. These experiments show 
clearly that when a soil deficiency causes 
the forage to be lacking in phosphorus 


land. 38 Similar results were secured in 
North Carolina trials with lambs fed 
soybean hay from phosphated and un- 
phosphated land, 30 In an area of Oregon 
where the soil is extremely low in sulfur, 
sulfur fertilization not only greatly in- 
creased the yield of alfalfa, which has a 
high requirement for this mineral, but 
it also considerably improved the value 
of alfalfa hay for fattening lambs. 40 

Even when a suitable mineral sup- 
plement is supplied the animals, the for- 
age from a well-fertilized pasture will 
usually produce much better results than 
that from an infertile field. This is chiefly 
because the rate of growth will be more 
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rapid and more continuous. There will 
therefore be a better supply of feed 
throughout the season. The fertilized 
forage will also be more palatable, and 
the animals will hence eat a greater 
amount per day. Another advantage is 
that the proportion of legumes in a pas- 
ture mixture is usually increased by suit- 
able fertilization. This decidedly in- 
creases the value of the forage, as has 
been pointed out previously. 

The extent of the difference be- 
tween the, production of stock on unfer- 
tilized pasture or hay and on pasture or 
hay from fertilized land will depend pri- 
marily on whether or not any nutritive 
deficiency results from feeding the un- 
fertilized forage. For example, when the 
concentrate mixture fed dairy cows sup- 
plies plenty of phosphorus, a higher 
phosphorus content in hay produced by 
phosphorus fertilization may not make 
the hay more valuable per ton. However, 
the fertilization may be decidedly profit- 
able because of the increased yield se- 
cured. 

Though the forage from unfertilized 
land may be very scanty in amount, the 
nutritive value per pound may be as 
great as that of the abundant forage from 
a well fertilized field. This is shown by 
experiments with dairy cows at the 
Michigan, Nevada, and Virginia Sta- 
tions. 41 

The most extensive of these experi- 
ments was that by the Michigan Station. 
In this investigation part of a rundown 
farm was limed and heavily fertilized 
with a complete fertilizer, including trace 
minerals. The other part received no 
lime and no fertilizer, except that some 
nitrogen fertilizer was necessary to grow 
enough feed for the cows. One group 
of cows was fed entirely on feed from 
the unfertilized area, and another group 
on that from the well fertilized land. 

No legume forage was grown on 
either part, because alfalfa or clover 
would not grow on the unfertilized run- 
out soil. The cows in each group were 
fed a balanced ration made up of timo- 
thy and bromegrass hay and a concen- 
trate mixture of ground grain and soy- 
beans, all raised on the respective area. 


Of course, a far larger acreage of land 
was needed on the unfertilized part of 
the farm to produce the feed for each 
cow. 

The results were surprising. During 
5 years no difference in the feeding val- 
ue of the two rations could be detected. 
The cows fed the ration from the unfer- 
tilized land were just as healthy and pro- 
duced as much milk as the others, and 
there was no difference in the nutritive 
value of the milk. 

384. Supplemental irrigation of 
pastures. — With the development of 
readily movable irrigation systems, con- 
sisting of sprinklers and light-weight alu- 
minum pipe, some farmers in the humid 
regions of the United States are now us- 
ing supplemental irrigation to keep pas- 
tures growing during drouths. This is us- 
ually done on improved, well fertilized 
pastures seeded to a mixture that has 
high productive capacity. 

The increase in yield obtained by 
such irrigation depends, of course, on the 
amount and distribution of rainfall in the 
particular season. In several tests by ex- 
periment stations, supplemental irriga- 
tion in humid regions has usually in- 
creased the yield of pasturage by 30 to 
40 per cent or more, except when the 
rainfall during the season was plentiful 
and well distributed. 42 The economy of 
this method of increasing pasture yield 
depends largely on the cost of securing a 
supply of water that will be adequate 
when needed. 

In the western irrigated districts 
high yields of pasture forage are obtained 
on fertile soil with proper management. 
For example, in western Montana the 
average carrying capacity on a good irri- 
gated pasture mixture over a 10-year 
period was 2.2 dairy cows per acre dur- 
ing the season. 43 

385. Range management and im- 
provement. — While it is generally best in 
humid districts to graze pastures suffi- 
ciently close so that the grasses do not 
go to seed, the conditions are entirely 
different on the western ranges. On ac- 
count of the limited rainfall, care must be 
taken there not to overgraze the land. 
Otherwise, the desirable forage plants 
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will be killed and only those left which i 
are relatively unpalatable and of low 
value. Also, the land will then be sub- ■ 
iect to much more injury by erosion. 

To produce the most feed, the 
grasses must have a chance to form seed 
at least every 3 or 4 years, and the fol- 
lowing spring the young seedlings 
should be given a chance to grow. No 
range should be grazed in the spring un- 
til the grass has made sufficient growth 
and the soil is reasonably dry. Pols ° n ^§ 
of stock often results from forcing the 
animals to graze the scanty growth too 
early for some of the poisonous plants 
start growth earlier than the grasses or 
other ° good forage and are therefore 
eaten, when they would otherwise be 

left untouched. , 

The range should not be grazed so 
heavily that the forage is injured badly 
by trampling or unduly close cropping. 
Otherwise, not only will the grasses and 
other herbaceous plants be destroyed, 
but also the shrubby browse will be 
iured, which forms a large part of the 
feed on some of the mountain ranges. 
Watering places should be develope 
close enough together to avoid overgo- 
ing near the water supplies. Sa mg the 
stock at well-selected places will aid m 
relieving areas that are being injured by 
too close grazing. In normal years, when 
the stock come off a range it should be 
in good condition and with some feed 

Through improper management and 
unrestricted grazing, the carrying capac- 
ity of many western ranges was seriously 
reduced. During recent years much val- 
uable information has been secuied 
about the best methods of range res- 
toration and improvement and of reseed- 
ing abandoned crop land in experiments 
bv the state experiment stations and the 
United States Department of Agricul- 
turc 

Where a range has been so badly in- 
jured that few desirable plants are left, 
reseeding may be advisable, if the rain- 
fall is usually sufficient to secure success. 
More commonly, grazing on part of the 
area is deferred until after the grasses 
have matured seed. The following year, 


another area is similarly treated. This 
method of deferred and rotation graz- 
ing usually increases the carrying capac- 
ity of the range considerably, unless the 
pasturage is already better than the 
average In some experiments the carry- 
ing capacity of range land has been con- 
siderably increased by a method of 
increasing the absorption of ram and 
reducing run-off, such as pitting, chisel- 
ing or furrowing the land. On some 
ranges, it may be possible to spread the . 
water at times of high water 1 q a stream, 5 
by means of small dams. 

The great improvement that results 
from controlled grazing and proper man- 
agement has been well demonstrated in 
the National Forests, where the grazing 
is under very definite regulations. 


III. Soiling Crops 

386. Soiling crops . — Soiling crops 
are green forage crops that are cut and 
fed in fresh condition to stock. Soiling 
crops are often called “soilage.’ Years 
ago the growing of a succession of soil- 
ing crops was sometimes advocated in 
this country to furnish green feed 
throughout the growing season, espe- 
ciallVfor dairv cows. 

It has been pointed out previously 
in this chapter that a considerably larger 
yield of nutrients is generally secured 
when a crop is allowed to grow to the 
hay stage than when it is kept grazed 
during the season. For this reason, and 
also because none of the forage is wasted 
by the trampling of stock, an acre of 
land will usually furnish much more feed 
when used for soiling crops than tor pas- 
ture. In addition, less fencing is needed 
than when the feed is furnished by pas- 

tnre. ... 

These advantages of soiling eiops 

were, however, more than offset by the 
high cost of growing special soiling crops 
and harvesting the forage each day by 
the means then available. Therefore this 
method was used here but little 

Experiments by the Iowa, Nebraska, 
and Wisconsin Stations showed definitely 
that the production of dairy cows was 
maintained just as well on silage plus 
limited pasture and a suitable supply oi 
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concentrates, as when soiling crops were 
fed in place of the silage. 45 Also, the 
cows liked corn or sorghum silage as well 
or even better than a succession of dif- 
ferent soiling crops. 

In the Iowa trials it required 180 
lbs. of soiling crops to equal 100 lbs. of 
corn silage in feeding value, because the 
soiling crops contained much smaller per- 
centages of dry matter and digestible nu- 
trients. In the Nebraska trials a much 
larger area was needed per cow to pro- 
vide the feed when soiling crops were 
used, than* when corn silage and alfalfa 
hay were fed. 

Because of the expense involved in 
using special soiling crops, they have 
not commonly been grown in the United 
States for feeding during the entire sea- 
son. They have been used more often to 
supplement permanent pastures during 
a midsummer drouth or at any other 
time when the pastures provide insuffi- 
cient feed. Even for this purpose, it has 
usually been much cheaper to grow such 
crops as Sudan grass to be used for tem- 
porary pasture, or to pasture the second 
crop on a hay field, or to feed silage or 
hay as the supplement to scanty pasture. 

In case the pasture becomes 
parched and none of these other pro- 
visions has been made, it is certainly wise 
to cut and feed green some crop that 
has been raised in the regular rotation 
and which is ready for use at that time. 
Excellent crops for this purpose are 
green alfalfa, clover, the hay grasses, or 
corn. 

In countries where labor is relatively 
cheap in comparison with the price of 
land, a much wider use is made of soil- 
ing crops than in this country. Soiling 
crops are used extensively, especially for 
dairy cows, in certain tropical and semi- 
tropical regions where large yields of 
green feed can be provided the year 
around by such a soiling crop as Napier 
grass. 

By the use of a field chopper, or 
forage harvester, the time required for 
the daily harvesting of a soiling crop is 
much less than with the older methods, if 
a considerable number of animals are 
fed. Therefore, there is now renewed in- 


terest in the use of soiling crops, or “zero 
pasture,” as it is sometimes called, for 
utilizing high-yielding forage crops. By 
successive cuttings, properly arranged, of 
such crops as alfalfa or a mixture of leg- 
umes and grasses, good feed can gen- 
erally be provided throughout the sea- 
son. Thus the expense and trouble of 
planting a special succession of crops for 
soilage is avoided. 

387. Soiling crops vs. pasture. — 
Sufficient data are not yet available to 
show conclusively the relative economy 
under average conditions in this country 
of such use of soiling crops for dairy cat- 
tle or other stock, in comparison with 
well-managed pasturing, or with limited 
pasturage supplemented with silage or 
hay. To draw definite conclusions, com- 
plete data would be needed, including 
not only the production of milk or meat 
per acre with the different methods, but 
also accurate records of the labor cost 
and other expenses. 

In a recent New Jersey trial with 
dairy cows, the milk production was 
maintained better on soiling crops than 
on pasture, but it required 3.1 hours a 
day to cut and haul the green feed for 
50 cows. 46 In a Rhode Island experiment 
the milk production of cows fed soilage 
was appreciably higher than of others on 
pasture, and 22 per cent more milk was 
produced per acre. 47 In contrast with 
these results, in a Minnesota trial the 
milk production was no higher from cows 
fed alfalfa-bromegrass soilage than 
from cows grazed rotationally, but less 
area was needed per cow when soilage 
was fed. 48 

The gain of beef steers per acre of 
alfalfa was 69 per cent more in a Cali- 
fornia trial when the crop was fed as 
soilage than when the cattle were grazed 
rotationally. 49 The results were better 
when the alfalfa was fed fresh than when 
it was fed after wilting. In a Colorado 
test there was no significant difference 
in the gains of full-fed fattening cattle 
fed fresh-cut alfalfa, and of those fed 
alfalfa hay or grazing irrigated alfalfa. 50 

In pasturing a tall-growing crop, 
such as Sudan grass, there is a greater 
wastage of feed from trampling than on 
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an ordinary pasture, and consequently 
more advantage in feeding it as soilage. 
In a North Dakota trial the value of Su- 
dan grass for sheep was about twice as 
great per acre when it was fed as soilage 
as when it was grazed . 51 

QUESTIONS 

1. Why is pasturage usually the most eco- 

nomical feed for cattle, sheep, and 
horses during the growing season? 

2. Discuss the influence of stage of matur- 

ity of forage crops on content of nutri- 
ents, considering the following: (a) 
Protein; (b) digestible nutrients; (c) 
phosphorus and calcium; (d) vitamins. 

3. What is the effect of rate of growth and 

season of year on the composition of 
grass? 

4. Give examples of marked differences be- 

tween various pasture and hay plants 
in regard to the effect of advancing 
maturity on composition. 

5. State 3 forage crops which are richest in 

nutrients when mature, and tell why 
this is so. 

6. Why will immature forage, such as pas- 

ture grass, not fully take the place of 
concentrates in livestock feeding? 

7. Discuss the composition of mature, 

weathered grass, and the effects upon 
stock receiving only such feed. 

8. What is the effect of frequent cutting or 

continuous close grazing upon the to- 
tal yield of dry matter by pasture or 
hay crops? 

9. Discuss the influence of soil fertility on 

the composition of forage crops, con- 
sidering content of protein, phos- 
phorus, calcium, and vitamins. 

10. Discuss the importance of pasture im- 

provement. 

11. State the essentials of proper grazing 

management to secure high pasture 
yields. 

12. What are the advantages and disadvan- 

tages of rotation grazing for various 
kinds of stock? 

13. What is strip grazing? Is this method 

used in your locality? 

14. How should a run-down pasture be im- 

proved? 

15. Explain the two general types of pasture 

fertilization. How would you decide 
which system to use on a particular 
farm? 

16. Describe the intensive system of pasture 

fertilization and management, known 
as the Hohenheim system. 


17. What methods can be used to provide 

good pasturage over a long season? 

18. Discuss the nutritive value of fertilized 

and unfertilized forage. 

19. How much has supplemental irrigation 

increased pasture yields in humid re- 
gions? 

20. In what respects does the improvement 

of a range in the West differ from the 
improvement of pastures in a humid 
„ district? 

21. What are soiling crops? Why is there 

now greater interest in the use. of soil- 
ing crops than several years ; ago? \ 
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CHAPTER XIV 

HAY AND HAYMAKING 


I. Principles of Haymaking 

388. Importance of efficiency in 
haymaking. — Throughout the temperate 
regions of .the world hay is the most im- 
portant harvested roughage for livestock. 
Very heavy losses of feeding value occur 
each year in this major crop, because hay 
is cured or stored improperly. Indeed, 
the losses in the hay crop are far greater 
than those in any other agricultural crop. 

In addition to the waste of feeding 
value in poor hay, there is a huge loss 
each year through farm fires caused by 
spontaneous combustion. This waste, 
which is estimated at $30,000,000 or 
more a year in the United States, is due 
chiefly to the storage of hay when it 
contains an unsafe amount of water. 

Most of these heavy losses can be 
prevented by efficient methods of hay- 
making, combined with good judgment. 
It is therefore important that every stock- 
man understand clearly the principles 
which make possible high efficiency in 
haymaking. 

The importance of the hay crop in 
the United States is shown by the fact 
that over 100,000,000 tons of hay are 


of sugars and other soluble nutrients. It 
has but little foreign material, such as 
’weeds or stubble. 

Such hay is more nutritious and 
more palatable than that which does not 
possess these qualities, and it therefore 
has a much higher feeding value per ton. 
Indeed, there may be far more difference 
in actual value per ton between good 
and poor hay of any particular kind than 
there is between the different kinds of 
hay made from the various common hay 
crops. Most kinds of hay of the same 
grade or quality generally supply about 
the same amounts of total digestible nu- 
trients, regardless of kind or variety. 
However, legume hay, such as alfalfa or 
clover, is of course much richer in pro- 
tein, calcium, and vitamins than is grass 
hay of equal quality. 

The Federal hay grades, by which 
hay is sold on the larger markets in the 
United States, are based on the qualities 
which good hay should have. 1 Any per- 
son who produces hay for such markets 
should familiarize himself with these 
grades, for the price paid for any lot of 
hay depends strictly on the quality as 
indicated by the Federal grade. 


made a year from an average of about 390, Usual grades of hay on farms. 

73,800,000 acres. This annual hay crop — To secure information on the grades of 
has a farm value of nearly two billion hay actually produced on northeastern 
dollars. farms, a 3-year study was made by the 

389. Characteristics of high-quality New Jersey Station and a 2-year study by 
hay. — Since it is the object in haymak- the New York Station. 2 In these studies 
ing to produce hay that has a high feed- 2,567 samples of hay, mostly first cutting, 
ing value, let us first consider the char- were secured from farmers" barns dur- 
acteristics of such hay. To be of high ing the winter feeding season and graded 
quality, hay must have been made from according to the official United States 
plants cut at a sufficiently early stage of hay grades. On the average, 20 per cent 
maturity. Next, high-quality hay has of the lots of hay graded No. 1 (excel- 
been cured and handled so that it is lent hay), 45 per cent No. 2 (fairly 
leafy and green in color. The stems are good hay), 19 per cent No. 3 (rather 
soft - and pliable. It is free from mustiness poor hay), and 16 per cent Sample 
or mold. It is palatable, because of its Grade, because of mustiness or mold, or 
fragrance and also because of its content being over-ripe or high in foreign mat- 
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ter. In the New York studies the average 
grade of the first cutting hay was 2.2, 
and of second-cutting hay, 1.8. 

Probably the average grade of the 
hay fed on all the farms in the region 
would have been slightly lower than on 
the farms studied, because the least pro- 
gressive farmers are less apt to cooper- 
ate in such investigations. 

These and other studies show the 
need of improvement in haymaking, in 
order to secure the maximum feeding 
value from this important crop. The 
studies show that the chief factors in 
producing high-quality hay are cutting 
at the right stage of maturity, proper 
curing to retain leafiness and green color, 
control of foreign material, and storing 
only when the moisture has been re- 
duced to a safe level. 

391. Value of good and poor hay. 
— The great difference in feeding value 
between good hay and poor hay is well 
shown in recent experiments by the 
United States Department of Agriculture 
with dairy heifers. 3 During two winters 
one group of heifers was wintered on 
good alfalfa hay, U.S. No. 1 or 2, con- 
taining 23 to 27 per cent fiber. Another 
group was fed poor alfalfa hay, U.S. No. 
3, having 33 to 34 per cent fiber. The 
heifers fed the good hay gained 28 per 
cent more and required 12 per cent less 
hay per 100 lbs. gain than those fed the 
poor hay. 

Good and poor hay were also com- 
pared in a trial by the Ohio Station with 
steers full-fed corn-and-cob meal plus 
1.5 lbs. of soybean oil meal per head 
daily. 4 Though these cattle, liberally fed 
on concentrates, did not eat an average 
of more than 2 lbs. of hay a day, never- 
theless the quality of the hay made a 
difference of 0.3 lb. in the average daily 
gain. The difference in actual feeding 
value between the good and the poor 
hay was far greater than the $7.50 per 
ton difference in cost. 

392. Importance of early cutting. — 
It has been shown in the previous chap- 
ter that the percentage of protein, the di- 
gestibility, and the content of minerals 
and vitamins all decrease decidedly as 


hay crops advance in stage of growth* 
(358-362) The rate of decrease in nu- 
tritive value tends to be more rapid in 
most grasses than in legume hay crops, 
such as alfalfa or clover. 

Because of these changes in com- 
position, hay that is cut late has consider- 
ably lower feeding value than that which 
is cut early, if the, early-cut hay is cured 
equally well. Other factors than the nu- 
tritive value of the hay per ton must, 
however, be considered in . deciding 
when to cut various crops for, liaV. 

In humid regions it is usually much 
more difficult to cure the first cutting of 
hay satisfactorily, if it is cut extremely 
early. This is because of several -factors. 
The plants then have a much higher per- 
centage of water. They are also more 
hygroscopic, 3 and harder to dry, because 
of a greater content of sugars and other 
soluble nutrients. The soil is generally 
more moist early in the season, and the 
weather less suitable for rapid curing. 
There is more apt to be damage from 
rain. 

Although early cutting considerably 
increases the feeding value of hay per 
ton, if it can be cured well, very early 
cutting may decidedly reduce the an- 
nual yield of dry matter. The smaller 
yield of a very early first cutting will 
usually be made up partly by a greater 
growth of aftermath, but the total yield 
of drv matter is frequently less. On the 
other hand, a higher yield of protein per 
acre is often secured bv very early cut- 
ting. 

An important fact is that repeated 
very early cutting of a tall-growing hay 
crop, especially alfalfa, is apt to reduce 
the stand seriously, because the plants 
die out due to depletion of nutrients in 
the roots. (454) Information is given in 
Chapters XVI and XVIII on the best 
stage for cutting various hay crops. 

Experiments have shown that it is 
not necessary to cut a crop at an unpracti- 
cally early stage to secure hay of high 
feeding value. The chief decline in nu- 
trients comes after the crop reaches full 
bloom, and especially when seed has de- 
veloped. When one has a large acreage 
of hay, it is necessary to start haying 
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early enough to finish it before the last 
of the crop gets too mature. 

The actual difference in feeding 
value per ton between hay cut in early 
bloom or before and that cut when the 
crop is in full bloom will depend on the 
class of stock to which it is to be fed. The 
difference is greatest ‘where the hay is 
used as a vitamin supplement for swine 
or poultry. For this purpose, hay that is 
early-cut, leafy, and well-cured is es- 
sential, “as the vitamin content is other- 
wise mufh lower. Early-cut hay should 
also always be used, if possible, for dairy 
calves and sheep. In storing the hay 
crop, some, of the best hay should there- 
fore be put where it will be accessible 
for these uses. 

The difference in value between 
early-cut hay and that cut in full bloom 
is less for dairy cows and beef cattle, es- 
pecially when silage is fed in addition to 
the hay, or when concentrates are fed 
liberally. For work horses or light horses 
hay cut when in bloom is preferred to 
that cut earlier, because hay cut ex- 
tremely early is apt to be too laxative. 
Hay cut very late — in the seed stage or 
later — has a low value for all classes of 
stock. 

When dairy cows were fed concen- 
trates at a rather low rate with timothy 
hay as the only roughage, the milk pro- 
duction in New York trials on hay cut in 
the seed stage was only 59 per cent as 
much as on hay harvested when the 
timothy was heading out. 6 Also, the cows 
fed the late-cut hay lost 1.5 lbs. per head 
daily in weight, while those fed the 
early-cut hay gained 0.6 lb. a day. In 
another trial in which concentrates were 
fed liberally, 90 per cent as much milk 
was produced on the late-cut hay as on 
that cut early, but there was a difference 
of 1.1 lbs. a day in the gain in weight 
per cow. 

Dairy heifers gained in weight and 
stored protein in their bodies in New 
Hampshire experiments when fed only 
timothy hay cut before bloom, but lost 
weight and protein on timothy hay cut 
in the seed stage. 7 Similarly, in Nebraska 
trials beef calves wintered on early-cut 
prairie hay made fair gains, but others 


fed prairie hay cut in September lost 
weight. 8 To produce as good results on 
the late-cut hay as on that cut early, it 
was necessary to feed one-half pound 
per head daily of protein supplement. 

393. Reduction in water content. — 
The primary object in haymaking is to 
dry the green plants enough so that the 
hay can be safely stored without heating 
,unduly or becoming moldy. For hay to 
keep safely in barn or stack, the water 
content must be reduced to not more 
than 25 per cent. If the hay is chopped 
or baled at time of storage the percent- 
age of water should not be over about 22 
per cent. Hay containing too much mois- 
ture when stored will undergo pro- 
nounced fermentation and become very 
hot. The value may be greatly decreased 
because of mold or the losses of nutrients 
which occur in the extensive fermenta- 
tions. Also, there is always danger of 
spontaneous combustion when hay is 
stored with too much moisture. The 
slight fermentation, or sweating, that oc- 
curs in properly-cured hay when it is 
stored does not cause any marked loss 
of green color or nutrients. It even seems 
to improve the aroma and palatability of 
the hay. 

Some believe that it is safer to store 
hay with a high moisture content when 
this is due to the moisture content of 
the plants, than when the hay has been 
dampened by rain or dew. It is not wise 
to rely on this. The only safe way to 
avoid serious loss is not to store any hay 
when it is too high in moisture, no mat- 
ter what the cause. 

A practical method used by farmers 
to find out when hay is cured sufficiently 
for storage is to twist a wisp of it in the 
hands. If the stems are slightly brittle 
and there is no evidence of moisture 
when the stems are twisted, the hay can 
be stored safely. In excellent curing 
weather the hay may appear drier than 
it really is, especially if cured chiefly in 
the swath. This is because the leaves will 
be dry and brittle, while the stems are 
still too high in moisture. 

Among the various rapid methods 
devised for determining whether hay is 
dry enough for storage, one of the sim- 
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plest is the following, suggested by Dex- 
ter of the Michigan Station. 9 

A large representative handful is care- 
fully selected and then bent or twisted to 
break the stems somewhat. From the center 
of the sample a portion is cut, approximately 
as long as a quart glass jar and sufficient 
to fill it loosely. The sample is placed in the 
jar, a teaspoonful of fine-grained table salt is 
added, and the cover placed on the jar. The 
sample should not fit so snugly as to prevent- 
free circulation of the salt. 

The jar is shaken about 100 times to 
keep the salt and hay moving about. Then 
the jar is held upside down and the salt is 
shaken into the cover, where it can be exam- 
ined. If the hay is dry enough for safe stor- 
age, the salt will still be in small grains. On 
the other hand, if the hay has more than 
about 25 per cent water, the salt will have 
taken up moisture and be gathered in 
clumps. Samples that are distinctly too wet 
will change the salt in about 30 seconds. In 
border-line cases, the sample should be 
shaken again and allowed to stand for a few 
minutes. 

The method may also be used for oats, 
barley, or wheat grain. Ten or more represen- 
tative heads are threshed out, placed in a 
small container with about one-half tea- 
spoonful of salt, and shaken about 50 times. 
The salt will stay dry if the grain has less 
than about 14 per cent water. 

If it seems wise, because rain is 
threatening, to haul hay to the barn be- 
fore it has reached the desired dryness, it 
should be spread out well in a mow to a 
depth not greater than about 3 to 5 feet. 
Special care should be taken not to leave 
any large, compact masses where the hay 
falls from the hay fork or sling. If pos- 
sible, such hay should not be covered 
with other hay until it has cured out 
somewhat. The barn doors should be left 
open for ventilation. 

394. Losses of nutrients in haymak- 
ing. — Some nutrients are always lost in 
the field-curing of hay, but under favor- 
able conditions this loss is not large. 
However, the wastage may be great un- 
less proper care is taken. These losses are 
not due to the mere drying out of the 
forage plants. Experiments have shown 
definitely that the drying of green grass 
or other green forage at ordinary tem- 
peratures does not reduce is digestibil- 
ity. 10 Also, when plants are dried with- 




out any bleaching or fermentation, they 
have a high content of the vitamins that 
are of importance in stock feeding. 

The losses that occur in haymaking 
are: (I) Losses of leaves and other finer 
parts by shattering; (2) losses by fer- 
mentation and bleaching; and (3) losses 
of soluble nutrients by leaching, in case 
of heavy rains. ' 

395. Losses by shattering. — The 
leaves of legume hay dry out much 
sooner than the stems, and if they be- 
come dry and brittle they shatter badly 
when the hay is raked or. otherwise 
handled. This loss of leaves is* serious, 
for the leaves have 2 to 3 times as much 
protein as do the stems. They also con- 
tain most of the carotene and other vi- 
tamins, are much richer in minerals, and 
have much less fiber. The proportion of 
leaves is hence one of the most impor- 
tant factors in determining the feeding 
value of any particular lot of hay. 

Legume hay, especially alfalfa, 
should therefore be raked before the 
leaves become dry. If the hay has dried 
out unduly before it is raked, it should, 
if possible, be raked early in the morning 
when it is damp with dew. 

That the loss of leaves from alfalfa 
hay is large, even with modern haymak- 
ing methods, is shown by recent United 
States Department of Agriculture experi- 
ments. 11 An average of 38.5 per cent of 
the leaves of alfalfa was lost from field- 
cured hay in good weather with no rain, 
and as much as 74.5 per cent when the 
hay was wet by 3 showers. In very dry 
climates the loss by shattering may be 
even larger, unless great care is taken. 

396. Losses by fermentations and 
bleaching. — Even in excellent haymak- 
ing weather, the curing of hay in the 
field is not merely a simple process of 
drying. Fermentations take place in 
which some of the organic nutrients, es- 
pecially the sugars and starch, are oxi- 
dized to carbon dioxide and water, thus 
being lost. Also, fermentation has a very 
destructive effect on the carotene in hay. 

If the weather is favorable and the hay 
is cured by proper methods, without un- 
dergoing pronounced heating, the losses 
by fermentation will be relatively small. 
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However, rainy weather, which greatly 
prolongs the curing process, increases the 
losses. If very extensive fermentations 
take place, as in brown hay, a heavy loss 
of carbohydrates will occur and also the 
carotene and other vitamins will be 
largely destroyed. (412) 

/ ‘ l£ hay is badly bleached by long ex- 
posure to the sun, nearly all the carotene 
will be lost. In general, the amount of 
carotene in hay is proportional to the 
greenness in color. Green-colored hay is 
nearly always rich in carotene and straw- 
colored or brown hay very poor in it. 


However, unless the rain is so heavy 
that the hay is thoroughly soaked and 
washed by the rain, there will not be 
much loss by leaching. Also, severe 
leaching results only when the hay has 
dried out considerably before the rain 
comes. Hard rain soon after the crop 
is cut does not cause much loss. 

398. Extent of total losses in hay. 
% — The total loss of nutrients in hay dur- 
ing field curing and subsequent storage 
in the mow before feeding will vary 
widely. In fairly good haymaking 
weather and with proper methods, the 



Losses of Nutrients Reduced by Good Haymaking Methods 

To produce high-quality hay, leafy and green in color, hay should be raked into small, 
loose windrows, after it has partly cured in the swath. (From New York State College of 
Agriculture, Cornell University.) 


The losses by fermentation do not 
cease when hay is stored in the barn. If 
the hay is well dried and does not heat 
unduly in the mow, the loss of dry mat- 
ter in barn storage for 6 months will us- 
ually not exceed 5 to 7 per cent. When 
hay is under-cured and molding or se- 
vere heating occurs, the loss is much 
greater. As has been shown in Chapter 
VII, a continual loss of carotene takes 
place in hay during storage. (195) 

397. Loss by leaching. — If hay that 
is already nearly cured is exposed to 
heavy and prolonged rain, especially 
when it is in the swath, severe losses may 
occur through leaching. 12 At least 20 per 
cent of the protein and considerably 
more of the nitrogen-free extract may 
thus be lost by leaching. 


total loss of dry matter from the green 
crop to the manger should not exceed 
20 to 30 per cent for legume hay and 10 
to 15 per cent for grass hay. Under un- 
favorable conditions the loss will be con- 
siderably higher. 

Extensive experiments have been 
conducted by the United States Depart- 
ment of Agriculture and at Cornell Uni- 
versity and the University of Vermont to 
study the losses of dry matter and nu- 
trients in various methods of handling 
hay crops. 18 Similar studies have also 
been made at other institutions. 14 In the 
United States Department of Agriculture 
investigations with 7 harvests of first-cut- 
ting alfalfa, the total loss of dry matter in 
field-cured hay, from the time it was cut 
in the field until it was fed in winter, 
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averaged 21.0 per cent when the hay was 
not rained on and 36.6 per cent when 
there were rains during curing. Most of 
this loss occurred before the hay was 
stored, the loss of dry matter during stor- 
age being not over 4 per cent. 

The total loss of dry matter in barn- 
dried hay, from cutting to feeding, aver- 
aged 19.0 per cent when the air was not 
heated and only 15.2 per cent with 
heated air. 

The total loss of dry matter was 
least for dehydrated hay, the loss from 
cutting to feeding being only 9.7 per 
cent. Wilted silage ranked low in total 
loss of dry matter, the average being 16.8 
per cent, of which 11.0 per cent occurred 
in the silo. 

The losses of protein and of total 
digestible nutrients were somewhat 
greater than for dry matter. On the aver- 
age, 27.7 per cent of the protein and 
25.5 per cent of the total digestible nu- 
trients were lost in field-cured hay in 
good weather; 24.0 per cent of both 
protein and total digestible nutrients in 
barn-cured hay without heated air; 18.2 
per cent of the protein and 13.1 per 
cent of the total digestible nutrients in 
dehydrated hay; and 16.9 per cent of the 
protein and 19.5 per cent of the total di- 
gestible nutrients in wilted silage. 

The losses of carotene were very 
heavy in all methods. Even in dehy- 
drated hay 76 per cent of the carotene 
was lost from cutting to feeding. The loss 
for wilted silage was 81 per cent; for 
barn-dried hay (no heat), 94 per cent; 
for barn-dried hay (heated air), 90 per 
cent; and for field-cured hay (good 
weather), 97 per cent. In spite of these 
very great losses, the original carotene 
content of the green alfalfa was so high 
that even the field-cured hay made in 
good weather had plenty of carotene, 
when fed, to meet the vitamin A needs of 
dairy cows. On the other hand, the field- 
cured hay that was rained on was de- 
ficient in carotene. 

The carotene content per pound of 
dry matter of the alfalfa when fed was: 
wilted silage, 28.1 mg. (milligrams); de- 
hydrated hay, 26.0 mg.; barn-dried hay 
(heated air), 14.2 mg.; barn-dried hay 


(air not heated), 9.3 mg.; field-cured 
hay (good weather), 5.4 mg.; and field- 
cured hay (rained on), only 1.7 mg. 

II. Haymaking Methods 

399. Modem methods of curing 
hay. — Several experiment stations have 
conducted investigations to find the most, 
economical methods of making good hay, 
especially legume hay. 15 The most impor- 
tant results of these experiments are sum- 
marized in the following articles. ’ These 
studies have shown that proper equip-"*, 
ment not only greatly decreases the labor 
cost, but also is important in 'improving 
the quality of the hay. 

The experiments have shown that 
hay dries much more rapidly in the swath 
than in the windrow, even if the wind- 
row is small and loose. However, claims 
are often made to the contrary. The 
larger the windrow is, the slower will be 
the curing, and the rate is still slower in 
cocks. 

Though hay cures rapidly in the 
swath, it is not advisable to cure it en- 
tirely there, except perhaps with grass 
hay in cool, dry weather. When curing 
is completed in the swath, the leaves be- 
come dry and brittle long before the 
stems have dried out sufficiently. With 
legume hay, especially alfalfa, a heavy 
loss by shattering of the leaves will then 
take place when the hay is handled. Also, 
the prolonged exposure to the sunlight 
will bleach the hay and destroy much of 
the carotene. 

On the other hand, if the green for- 
age is raked into a windrow, even a 
small, loose one, immediately after it is 
mowed, an unduly long time will be 
needed for curing, except in a very dry 
climate. Fermentation and molding may 
occur, which will seriously damage the 
hay. Such slow curing also increases the 
risk of damage from rain. 

For the production of high-quality 
hay, leafy and green in color, with a min- 
imum of labor, the following method is 
generally best: First, even if there is a 
dew in the morning, experiments have 
shown that there is no advantage in de- 
laying mowing until the dew has dried 
off. In most cases, hay mowed early in 
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the morning will be drier by afternoon 
than that which has been cut later in 
the day. No more hay should be mowed 
at a time than can be taken care of prop- 
erly under usual weather conditions. 

After mowing, let the crop lie in the 
swath for a few hours, until it is partly 
cured. Before there is danger of the 
leaves shattering, rake it into small, loose 
windrows, preferably with a side-de- 
livery. rake. As long as the leaves remain 
alive, they may perhaps help to dry out 
the stems, by pulling water from them 
as the leaves evaporate it. 16 


mower, to crush the stems and hasten 
the drying. After the crushing, the hay 
is dropped to the ground and cured in 
the usual manner. Tests have shown that 
the curing time is usually reduced de- 
cidedly by crushing. 17 However, the 
high cost of the equipment is a deter- 
rent to its use, except on farms where 
there is a large acreage of hay. 

400. Curing hay in cocks. — Before 
the modern, labor-saving methods of 
making hay were developed, it was gen- 
erally advised that to make hay of the 
best quality, regardless of expense, it 



Curing Hay in Cocks Requires Much Labor 

The color and carotene content are well preserved when hay is put in well-made cocks 
as soon as it has dried enough so that it will not mold. However, this method requires too 
much labor for use on any large acreage. 


If good weather continues, the cur- 
ing should be completed in the wind- 
row and the hay hauled to the barn or 
stack directly from the windrow. To 
avoid serious loss of leaves in dry cli- 
mates, it may be necessary to handle the 
hay only early in the morning before it 
has become too dry. 

When the weather is such that the 
hay cures rather slowly, it may be advis- 
able in a few hours to turn the windrows 
partly over, in order to hasten the cur- 
ing. Turning may also be necessary if 
the hay is wet by rain when in the wind- 
row. 

Hay crushers have been developed 
which pass the forage between rollers 
after it is cut by the cutter bar of the 


should be put in well-made cocks as 
soon as it had dried enough so it would 
not heat or mold. This method preserves 
the color and carotene content, but it 
requires too much labor for use when 
there is any considerable acreage. Also, 
in a humid climate there is much risk of 
damage from rain before the cocks dry 
out, unless one goes to the further con- 
siderable expense of covering the cocks 
with hay caps. Therefore the cocking 
of hay is not now a common practice in 
most sections of this country. 

However, it is probably wise to 
cock hay sometimes to lessen damage 
from rain. Hay is injured most by heavy 
rain when it is nearly cured. Therefore, if 
there is every prospect of a hard storm 
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at that time, it is a good plan to hurry 
and put the hay into large, well-made 
cocks. Unless the rain is unusually 
heavy, these will not wet through, there 
will be practically no loss from leaching, 
and the color and carotene content will 
be well preserved. When the weather 
clears and the outside of the cocks has 
dried, it may be necessary to open them 
somewhat to dry out the interior before 
the hay is stored. 

401. Curing devices for very rainy 
districts. — In some sections of northern 
Europe, especially in Scotland, Norway, 
Sweden, and Finland, where the sum- 
mer weather is cool, the humidity high, 
and rain very frequent, it is nearly im- 
possible to cure hay satisfactorily in the 
field by ordinary methods. In these re- 
gions, after the hay is partly cured, it is 
generally put on tripods or other devices 
which allow the air to penetrate. 

Similar methods are used to some 
extent in this country, especially in cur- 
ing cowpea hay or peanuts in the south- 
eastern states. All of these methods take 
much labor and are too expensive to be 
used where good hay can generally be 
made by ordinary methods. 

A common method under such con- 
ditions is to cock the hay, after it is 
partly cured, on tripods, where it is left 
until dry enough for storage. The tripod 
consists of 3 poles, joined at the top, and 
generally with cross pieces at right angles 
to keep the hay off the ground. This per- 
mits making a large, well-ventilated 
cock that will contain as much as 500 
lbs. or more of hay after curing. Some- 
times single poles with crosspieces near 
the bottom are used instead of tripods. 
These are set in holes made in the 
ground. This method is often used in cur- 
ing peanuts in this country. Another 
method used in some sections of north- 
ern Europe is to drape the hay in layers 
over the wires of temporary fences put 
up in the hay field. 

402. From windrow to storage. — 
Several methods are used in getting hay 
from the windrow to storage. These in- 
clude the hay-loader method, buck rakes, 
windrow balers, and field choppers, with 


the other equipment used in connection 
with these machines. Several experiment 
stations have conducted cost studies to 
determine the amounts of labor required i 
and the other expenses per ton in han- 
dling hay by the various methods. 18 In 
these experiments the hay-loader method 
has generally been taken as the standard ! 
with which the newer methods have been 
compared. Some of the important results 
of these studies are summarized in the 
following articles. 

No matter what method is used in 
handling and storing hay, good judgment ! 
should be used in putting the various 
kinds and qualities of hay in * a place ! 
where they will be available when 
wanted, and not be covered with other 
hay. On a dairy farm, it is a mistake to 1 
put all the late-cut hay on top of the I 
higher-quality, early-cut hay. If this is * 1 

done, the cows may drop off severely in 
production in the fall when they get only 
the poorer hay. 

403. The hay-loader method. — In 
the northeastern and north-central states 
the hay-loader method of handling hay 
is still common. When the hay is loaded 
with a hay loader, it is generally un- 
loaded at the bam with a hay fork or 
hay slings and mowed away by hand. 
Sometimes the hay is run through a sta- 
tionary hav chopper or silage cutter at 
the barn and blown into the barn. Oc- 
casionally, the long hay is blown into 
the mow by means of a hay blower, 
either manufactured for the purpose or 
converted from the blower on an old 
threshing machine. 

When the hay is unloaded with a 
hay fork or slings, care should be taken 
to distribute it well in the mow and not 
leave it in large, compact masses where 
it falls from the fork or sling. Such 
masses are especially apt to heat badly, 
if the hay is not thoroughly dry. 

The hay-loader method requires 
somewhat more man labor per ton than 
some of the newer methods, but the cost 
of equipment is much lower than with a 
windrow baler or field chopper. Except 
when the acreage of hay is large, the 
total cost per ton of handling hay by the 
hay-loader method may therefore be less 



The Hay-loader Method Is Efficient 

The hay-loader method of handling hay requires somewhat more man labor per ton 
than when a one-man windrow baler or a field chopper is used. However, this is offset by 
the low cost of equipment. (From New York State College of Agriculture, Cornell Uni- 


versity. ) 

Commonly the hay is stacked in the field 
by hay stackers or other mechanical de- 
vices. Some farmers in the sections of the 
country where hay is stored in barns or 
sheds also use the buck-rake method of 
handling hay. The hay is gathered up 
from the windrow with the buck rake 
and hauled on it to the place where it 
is to be stored. Here it is put in the mow 
with hay sling, grapple fork, or blower. 
The hay is too loose for successful use 
of a harpoon hay fork. 

Where the distance from the hay- 
field to the storage place is not long, the 
buck rake is the cheapest method of 


from mold and of good color, can be 
made with the windrow baler if certain 
precautions are taken. 

The hay should preferably be a lit- 
tle drier than is safe for storage of loose 
hay in a large mass. 19 The hay should 
certainly not contain more than 25 per 
cent water, and 20 to 22 per cent is bet- 
ter. If legume hay gets too dry before it 
is baled, the leaves will shatter badly. 
Otherwise, windrow baling saves the 
leaves well. 

The hay must not be packed so 
tightly in the bales as is customary in 
baling hay that has gone through the 
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than when a field chopper or windrow 
baler is used. 

Pitching hay on a load by hand re- 
quires more man labor per ton than 
loading it with a hay loader, and it is 
also much harder work. 

404. The buck-rake, or sweep-rake 
method. — In the Great Plains and west- 
ward much hay is hauled from the wind- 
row with buck rakes, or sweep "rakes. 


handling hay. The amount of labor per 
ton is small and the cost of equipment 
is relatively low. 

405. Baling hay from the windrow. 
— During recent years the baling of hay 
from the windrow with windrow balers, 
or pick-up balers, has greatly increased 
in this country. In some districts much 
hay is now baled from the windrow by 
custom balers. Hay of good quality, free 




262 FEEDS AND FEEDING 

“sweat” in mow or stack. With a mois- saving labor in loading bales is by means 
ture content of 25 per cent, the bales of a bale loader. At the barn, time and 
should not weigh more than 8 lbs. per hard work can be saved by the use of a 
cubic foot. Drier hay can be packed a bale elevator. 

little tighter. In the irrigated districts of the 

To allow ventilation in the pile of Southwest it is often difficult to prevent 
bales in a mow, rectangular bales should alfalfa hay from becoming so dry in the 
be placed on edge, with the fold edge field that it shatters badly. High-quality 
of one bale next to the chaff edge of the hay may be made by putting it in large 
next one and with the alternate layers at cocks -while still tough, and then baling 
right angles. The bales should not be ' it from the cocks with a portable baler 
crowded closely together, but it is not after it has cured sufficiently. * . 



One-man Windrow Baler Saves Labor 


A one-man windrow baler with a device for loading the bales direct from the baler. 
(From New Holland Machine Co.) 

necessary to leave a large space be- 406. Danger from baling wire. — In 

tween them. All loose hay should be re- handling and feeding hay baled with 
moved from the top of a layer of bales wire, great care is necessary to prevent 

before the next layer is placed on it. losses of cattle from baling-wire injury. 

With the one-man balers the labor Sharp pieces of wire consumed with the 

cost is somewhat less than with the hay- hay often may pierce the stomach and 
loader method, but because of the much damage the heart or other vital organs, 
greater investment, the total cost per ton Cutting the wires should be avoided if 
may be higher, unless the acreage of hay possible. With windrow-baled hay the 
is large. Where baled hay is to be sold, bales shrink sufficiently in curing so that 
the windrow baler is especially advan- the wires can easily be pulled off. 
tageous. The wires should be put in a barrel 

Instead of lifting the bales by hand or box, where they will not get into feed 
and loading them onto the truck, much or manure. If wires get into the manure, 
labor can be saved by means of a bale they may be cut into dangerous ^pieces 
chute, which delivers the bales to a truck by the mower when a hay crop is har- 
towed behind the baler. Another way of vested later. 
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407. Chopping hay. — During re- 
cent years the use of field choppers, or 
forage harvesters, for handling hay from 
the windrow has greatly increased. The 
chopped hay is blown into a truck along- 
side or towed behind the chopper, and 
then at the bam is blown into the mow 
with a special blower. In semi-arid dis- 
tricts the chopped hay is often stacked 
in the open. Sometimes long hay is 'taken 
from the windrow to the barn and there 
chopped with a hay chopper or silage 
cutter which blows it into the mow. 

Chopped hay is convenient to feed. 
However, the feeding value per ton of 


heat unduly, because it packs much more 
densely and there is less opportunity for 
moisture and heat to escape. Chopped 
hay occupies only one-half to one-third 
as much space as long hay, and thus 
barn storage space is saved. However, 
care is necessary not to overload the 
joists in storing chopped hay, unless the 
barn has been built especially for such 
storage. 

The hay should be distributed in 
the mow by adjusting the blower. It 
should never be tramped or packed, but 
should be allowed to settle itself. Other- 
wise, it is apt to heat in spots. 



When a field chopper is used, with suitable equipment for hauling and unloading the 
chopped hay, the amount of labor required per ton is very low. However, the cost of the 
equipment is high. 


Handling Hay with a Field Chopper 


good-quality hay for cattle, sheep, or 
horses is not increased appreciably by 
chopping it, if the hay is fed in mangers 
or racks that prevent undue wastage. 
(92) There may be somewhat more ad- 
vantage in chopping poorer hay. 

Hay chopped fine is dusty and is 
much less palatable to cattle, sheep, or 
horses than hay chopped coarsely. Also, 
more power is required to chop hay fine, 
and the hay is more apt to heat badly 
when stored. Therefore the chopper 
should be set to chop the hay as coarse 
as possible. 

Epr safe storage, chopped hay must 
be a little drier than is necessary with 
long hay. It has a greater tendency to 


When a field chopper is used with 
suitable equipment for hauling and un- 
loading the chopped hay, the amount of 
labor required per ton is very low. 
Though the investment in equipment is 
high, this method is economical when the 
acreage of forage handled by the chop- 
per is sufficiently large to justify the ex- 
pense. The cost per ton is reduced ma- 
terially when a forage harvester is 
used not only to handle the hay, but 
also to harvest hay crops or corn for 
silage. 

Chopped hay should not be stored 
in ordinary silos, unless it is considerably 
dryer than would be necessary in the 
case of uncut hay stored in a mow or 
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stack. Otherwise, it is apt to heat greatly 
and it may even char. 

408. Barn-drying hay. — In areas 
where the weather is such that it is fre- 
quently difficult to make field-cured hay 
of good quality, the barn-drying method 
is often used. In this method partly- 
cured hay is dried by blowing unheated 
or heated air through it. A powerful fan 
blows air from outside the barn into a 
large duct constructed on the floor of 
the mow. From this, the air passes be- 
tween the floor of the mow and a false 
slatted floor above it, or into a system of 
ducts or flues on the floor, and thence 
up into the mass of hay. This method is 
used both for partly dried long hay and 
for chopped hay. Sometimes baled hay 
is cured thus. 

In this method the hay should, if 
possible, be at least half cured in the 
field, to bring the water content down 
to not more than 40 per cent. In suit- 
able weather, it is better to cure it even 
a little more than this in the field, be- 
cause it lessens the weight that must be 
handled and reduces the cost of power 
in barn drying. Hay with 35 per cent 
water is tough enough so that few leaves 
shatter. 

Unless the curing is completed in a 
week or less, the barn-dried hay is apt 
to mold. It is therefore important to have 
a fan with plenty of air capacity. With 
a system that is properly constructed 
and operated, there is no danger of spon- 
taneous combustion, as the temperature 
does not rise to a dangerous point. 

In most barn driers the fan is driven 
by an electric motor. It is well to have 
the installation made so that the fan 
can also be run with a tractor in case 
there is a serious interruption of electric 
power. 

In regions where the air is very 
humid at night, much better results are 
secured when the air is heated some- 
what by an oil furnace or other means. 
This increases the cost, but makes it pos- 
sible to obtain satisfactory results under 
difficult weather conditions. 

In bad weather for haymaking, bet- 
ter hay can usually be made by this sys- 
tem than by ordinary field-curing meth- 


ods. Satisfactory hay may even be made 
under conditions where it would be 
severely damaged or nearly worthless if 
field cured. On the other hand, in good 
hay-making weather, there is generally 
but little difference in quality between 
barn-dried and field-cured hay, except 
that barn-dried legume hay is apt to be 
more leafy and higher in protein, be- 
cause Tt is stored before the, leaves tend 
to shatter. • . . * 

The advantages of the barn-drying 
method are more or less offset by the 
considerably increased cost, because of 
the expense of the equipment, the cost 
of power, and the increased w labor in 
handling the heavy, partly-dried hay. 
Also, the capacity of a barn for storing 
hay is much lessened in this method, be- 
cause the hay must not be stored in too 
great depth. 

In bad haymaking weather, it is 
probably cheaper as a rule to make a hay 
crop into silage than to use the barn- 
drying method. The feeding value of the 
crop, especially the carotene content, is 
preserved even better in hay-crop silage. 
Also, good silage can be made when 
rains are so frequent that it would be 
difficult to cure hay in the field suffi- 
ciently for barn drying. 

Barn-drying with unheated air does 
not avoid an appreciable loss of nutri- 
ents by fermentation during the curing 
process in the mow. In fact, a large part 
of the heat needed to evaporate the ex- 
cess water from the partly-cured hay 
comes from the oxidation of nutrients 
that takes place. In tests by the United 
States Department of Agriculture, hay 
stored with 39 per cent of water lost 
9.9 per cent of its dry matter in barn 
drying. 20 The loss was only 5.7 per cent 
with hay having 33 per cent of water. 
In New York trials the loss of dry matter 
in hay during barn drying and storage 
was 6.7 per cent. 21 

The carotene content of barn-dried 
hay is much higher when placed in the 
mow than for field-cured hay, but a large 
part is lost in the drying process through 
the fermentations, and later during stor- 
age. When fed in the winter, barn-dried 
hay will, however, usually have consid- 



HAY AND HAYMAKING 


erably more carotene than field-cured 
hay cut at the same time. For example, 
in 6 lots of hay made at Cornell Uni- 
versity, barn-dried hay cured without 
heat had 8.4 milligrams of carotene per 
pound of dry matter when fed in winter, 
while field-cured hay had only 3.8 milli- 
grams. 21 In similar studies by the United 
States Department of Agriculture, barn- 
dried Ij'ay, air not heated, had 9.8 milli- 
grams .df • carotene per pound of dry 
matted' when fed, and field-cured hay 
5.4 milligrams. 22 Though the carotene 
content of the field-cured hay was much 
lower in both studies, nevertheless it still 
had plenty to meet the needs of dairy 
cows. 

409. Feeding experiments with 
barn-dried hay. — The comparisons of the 
value of barn-dried hay with that of 
field-cured hay made in reasonably good 
weather from the same crop and cut at 
the same time have shown that there is 
usually little, if any, difference in the 
palatability and the actual feeding value 
of the two kinds of hay per pound. The 
advantages of barn-drying are therefore 
the following: 

Barn-drying helps to take the gam- 
ble out of hay making in humid regions, 
especially in making the first cutting of 
hay. It is hence possible to make hay of 
good quality earlier in the season than 
by field curing. Such earlier-cut hay defi- 
nitely has a higher value per ton than 
field-cured hay made later. Also, as has 
been pointed out previously, the nutri- 
ent losses and the losses of dry matter 
are somewhat less than in field curing, 
even in good weather. Thus, somewhat 
more hay is secured per acre for feed- 
ing. These advantages can also be se- 
cured when the crop is made into silage 
by good methods. 

410. Barn-dried hay for dairy cat- 
tle. — Barn-dried alfalfa or mixed grass- 
and-legume hay was compared with 
field-cured hay, made from the same 
crop and cut at the same time, in 6 
New York experiments. 21 The same 
amount of concentrates was fed with the 
two types of hay. At the time of feeding, 
the barn-dried hay was generally greener 
in color, and it usually graded about one 


U.S. Grade higher than the field-cured 
hay. There was no appreciable difference 
in the palatability of the hays, and on 
the average the cows ate fully as much 
hay when fed the field-cured hay. The 
daily yield of 4 per cent fat-corrected 
milk averaged 31.5 lbs. on the barn-dried 
hay and 31.1 lbs. on the field-cured hay. 

In 4 of the trials field-cured wind- 
, row-baled hay was compared with the 
other hays. There was no significant dif- 
ference in hay consumption or in milk 
production on the different types of hay. 

In experiments during 3 years by 
the United States Department of Agri- 
culture, alfalfa was made into barn-dried 
hay, field-cured hay, and wilted alfalfa 
silage. 22 One year the field-cured hay 
was damaged somewhat by rain, but the 
weather was favorable for hay making 
in the other seasons. The good field- 
cured hay was as satisfactory for dairy 
cows as the barn-dried hay or the alfalfa 
silage, but the field-cured hay that had 
been damaged by rain was lower in 
value. 

In these studies, which extended 
over 6 crops, 81 per cent of the origi- 
nal dry matter in the alfalfa was saved 
for feeding by barn drying without heat, 
85 per cent by bam drying with heated 
air, 82 per cent by ensiling the crop, 79 
per cent by field curing in good weather, 
and only 63 per cent by field curing in 
bad weather. 

Similar results have usually been se- 
cured in experiments with dairy cows 
by the Indiana, Massachusetts, Michi- 
gan, and Virginia Stations, 23 and in trials 
with dairy heifers by the Maine, Ohio, 
Tennessee, and Vermont Stations. 24 In 
a Michigan trial in which the barn-dried 
hay was cut 2 weeks earlier than the 
field-cured hay, it was definitely superior 
to it. 25 

411. Barn-dried hay for other stock. 
— Field-cured hay was fully equal to 
barn-dried hay for wintering beef steers 
in a Maine trial. 26 In a Nebraska experi- 
ment field-cured alfalfa hay gave about 
as good results as barn-dried alfalfa or 
dehydrated alfalfa pellets when fed as 
the protein supplement for wintering 
beef calves. 27 
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Colts in an Iowa test decidedly pre- 
ferred barn- dried hay to field-cured hay 
that had heated badly in storage and 
had become musty. 2S 

412. Brown hay. — Several years ago 
there was interest among farmers in 
making “brown hay” when weather con- 
ditions were unfavorable for making 
good hay by the usual methods. Because 
of the very heavy losses of nutrients in 
brown hay, and the uncertainty of se- 
curing a fair product, most of the brown 
hay now made in this country is pro- 
duced accidently, and not intentionally. 

In this method the forage is allowed 
to wilt until the water content has been 
reduced to about 50 per cent and then 
is well packed in a stack. Extensive fer- 
mentation occurs and much heat is de- 
veloped. If all goes well, the tempera- 
ture does not rise above 175° F., and 
the heat drives off the water in the 
mass. 

The loss of dry matter in the fer- 
mentations is often as high as 40 per 
cent, and the digestibility is much de- 
creased. 29 The product will vary in color 
from dark brown to nearly black, de- 
pending on the degree of fermentation. 
The darker the color, the lower is the 
feeding value. Hay that is nearly black 
is worth but little. 

Brown hay of good quality is well 
liked by stock, but it is very low in vita- 
mins, and should therefore not be the 
only roughage for stock throughout the 
entire winter. In experiments brown al- 
falfa hay was about equal to good green 
alfalfa hay for fattening steers and fat- 
tening lambs, but it was distinctly in- 
ferior to green alfalfa hay for daily 
cows. 30 

413. Salting hay; so-called “pre- 
servatives.” — Some farmers believe that 
sprinkling 10 to 20 lbs. of salt on each 
ton of rather-damp hay helps to pre- 
vent mold or undue heating. Salting may 
perhaps make poor hay somewhat more 
palatable, but experiments have shown 
that it is no insurance against spoilage, 
or even against spontaneous combustion 
if the hay is much too damp. 31 In fact, 
too great reliance on salting may be 
dangerous. The only safe plan is not 


to store hay unless it is dry enough for 
safety. 

So-called “preservatives,” consisting 
chiefly of ordinary baking soda, have 
been sold with claims that, due to libera- 
tion of carbon dioxide, all heating 
molding would be prevented by sprink- 
ling 1 to 5 lbs. of the c6mpound on each 
ton of under-cured hay or threshed grain. 
There is no sound basis for such claims, 
because in the normal heating of new 
hay or grain when stored, a far great 'r 
amount of carbon dioxide is produced 
than could be formed from thfe r small 
quantity of the “preservative.” , * 

In experiment station tests . of such 
compounds, they have not reduced the 
spoilage of damp hay. 32 ”, 

414. Spontaneous combustion.— If 
hay or other dry forage containing too 
much moisture is put into a mow or 
stack, rapid fermentations take place in 
which a large amount of heat is pro- 
duced. In a large mow or stack most of 
this heat is retained in the mass, caus- 
ing a rapid rise of temperature. In these 
fermentations highly unstable organic 
compounds are apparently formed which 
are readily oxidized. 33 

At temperatures of 150° to 175° F. 
all bacteria or molds are killed or made 
inactive, but the oxidations continue, 
and the mass may become extremely hot. 
Finally, the hay begins to char and spon- 
taneous combustion may occur and the 
mass burst into flames. This generally 
happens a month or 6 weeks after the 
hay is stored, but it may occur sooner. 

The only way to avoid such loss is 
never to store hay in a large mass unless 
it is thoroughly cured. Chopped hay 
must be drier than long hay for safe 
storage. For safety, mows should be in- 
spected at least twice a week during 
the first 2 months after the hay is stored. 

If hay in a mow or stock heats badly 
within 2 or 3 days after storing, and 
pungent odors, with much vapor, are 
given off, it should be removed at once 
and spread out to dry. Removing the 
hay later may only hasten spontaneous 
combustion. 

If danger threatens, it is \ijfe to 
take the temperature down in the hot 
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* spots in the hay, by lowering, in a pipe 
driven into the hay, a thermometer that 
reads up to 200° F. If the temperature 
goes above 160° F., there is grave dan- 
ger, and at 175° to 185° fire pockets 
may be expected. Before removing the 
hay then, a fire department should be 
called, if available, for the hay may burst 
into flame when the air reaches it. 

• Injecting into a mass of hot hay car- 
bon-dipxide gas under pressure, from a 
c; lincler of the compressed gas, such as is 
used “in' -soda fountains, or from dry ice, 
cools hay and helps prevent fire. 

Stacks should never be built on old, 
rotten, stack bottoms. Baled hay, grain 
in the sheaf, or other heavy material 
should not be put on top of hay in a 
mow which is -going through the sweat, 
for" it will prevent the escape of heat and 
gases. Crops upon which rain has fallen 
should receive extra care, and should 
not be housed until completely dry. 

415. Measurement and shrinkage 
of hay. — Farmers, ranchers, and hay 
dealers buy and sell large quantities of 
hay in the stack according to the esti- 
mated weight. The stack is measured 
and the volume and tonnage are then 
computed by one of several rules in com- 
mon use. The density of the hay and 
therefore the number of cubic feet re- 
quired per ton are affected by many fac- 
tors. Hay that was stored when slightly 
damp will be more compact than that 
which was very dry. The coarseness of 
the hay also affects its density. 

The following rules are recom- 
mended by the United States Depart- 
ment of Agriculture for estimating the 
tonnage of hay in stacks, from the vol- 
ume in cubic feet. 34 For hay 30 to 90 
days in the stack, 485 cubic feet per ton 
for alfalfa; 640 for timothy and timothy 
mixed hay; and 600 for wild hay. For 
hay over 90 days in the stack, 470 cubic 
feet per ton for alfalfa; 625 for timothy 
and timothy mixed hay; and 450 for wild 
hay. The same approximate figures may 
be used for hay in a mow. In Idaho 
tests only about 150 cubic feet of stacked 
chopped alfalfa hay were required to 
makljl ton. 85 

'The volume of hay in a mow can 


readily be computed, but it is more diffi- 
cult to determine the volume of a stack. 
Different rules for estimating this have 
been used in various sections of the 
country. The following are recommended 
by the United States Department of Ag- 
riculture after much investigation on the 
subject: 84 

The volume of a rectangular or ob- 
long stack in cubic feet is: 


For low, round- 
(0.52x0) - 
For high, round- 
(0.52x0) - 
For square, flat-: 

(0.56 x O) — 
The volume of 
(0.04x0) - 


-topped stacks: 

- (0.44 x W) x W x L 
-topped stacks: 

■ (0.46 xW) xWxL 
•topped stacks: 

■ (0.55 x W) x W x L 
a round stack is: 

- (0.012xC) x C 2 


In these formulas O is the “over” 
(the distance from the base on one side 
of the stack, over the stack, and to the 
base on the other side); W is the width; 
L is the length; and C is the circum- 
ference of a round stack, or the distance 
around it. In measuring a round stack, 
the “over” should be an average of two 
measurements made at right angles to 
each other. 

Hay stored in the mow will shrink 
in weight, due to drying out and also to 
fermentations taking place during the 
sweating process, in which nutrients are 
broken down into carbon dioxide and 
water. The shrinkage in weight will vary, 
depending on the water content of the 
hay when placed in the mow, and may 
reach 20 per cent or over. The losses 
of dry matter in hay during storage have 
been discussed previously. (396) 

When hay is stacked, the shrinkage 
in weight is greater than in a mow, since 
the outside of the stack is exposed to the 
weather. A stack 12 feet in diameter 
has about one-third of its contents in 
the surface foot. 

The difference in the loss of dry 
matter in stacked hay and in that stored 
under cover will depend on how well 
the stack is made, on its size, and es- 
pecially on the climatic conditions. West 
Virginia trials show that in hay stored in 
well made stacks until winter the loss 
of dry matter was not much greater than 
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in hay stored in a barn, and the feeding 
value per ton of hay fed was nearly as 
high.®® 

III. Dehydrated Hay or 
Other Forage 

416. Dehydrated hay. — More than 
a million tons of dehydrated hay, mostly 
alfalfa, are now produced commercially 
each year in this country. This dehy- 
drated hay, made in dryers of various 
types, is used chiefly as a vitamin supple- 
ment in rations for poultry and swine, 
and to a lesser extent in calf meals and 
for other stock. In addition to alfalfa, 
other hay crops or other forages are 
sometimes dehydrated for these pur- 
poses. 

The forage is first chopped and then 
passed through the drier. Here it is ex- 
posed by various methods to a current 
of hot air or a mixture of hot air and 
gases from an oil burner or furnace. 
Sometimes the green material is partly 
dried in the field to reduce the cost of 
dehydrating it, but this lowers the caro- 
tene content somewhat. 

Though the temperature of the hot 
gases may be over 1,000° F., the forage 
itself does not become so hot as to be 
injured in a good drier. This is due to 
the cooling effect produced when the 
water evaporates from the plant tissues. 
In this method there is no loss of leaves, 
and therefore a maximum yield of dry 
matter and of protein and other nutrients 
is secured. The green color is also well 
retained. 

Dehydration preserves the feeding 
value of a hay crop decidedly better than 
making it into field-cured hay or even 
making it into barn-dried hay or silage. 
However, the cost per ton of dry ma- 
terial is much higher. This is because of 
the large cost of the dehydrating plant, 
the considerable amount of fuel required 
for each ton of dried hay, and the ex- 
pense for power and labor. Where good 
hay can be made by ordinary methods, 
it is therefore not usually economical to 
dehydrate hay crops for feeding to dairy 
cattle, beef cattle, sheep, or horses. In 
regions where rains are so frequent in 
summer that much of the field-cured hay 
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is damaged, in spite of good manage- 
ment, it is generally much cheaper to 
make hay crops into silage, or to use a 
barn-drying method. 

In experiments at the Vermont Sta- 
tion there was a loss of only 5.5 per cent 
of the dry matter in dehydrating hay and 
storing it until winter. 37 When the same 
crops were cured in the field in reason- 
ably good weather and stored .until win- 
ter, 23.4 per cent of the dry matter was 
lost in the case of legume liay apd 9.5 
per cent with timothy hay. . * 

In recent experiments by the United 
States Department of Agriculture the 
loss of dry matter in dehydrated alfalfa 
from field to manger in the winter was 
only 3.3 per cent when the dehydrator 
was operating properly. 22 Compared 
with this, the average loss in field-eure$ 
hay, made in good weather, was 21 per 
cent; in barn-dried hay with heated air 
15 per cent; and in wilted silage 17 per 
cent. 

417. Nutritive value of dehydrated 
hay. — Dehydrated alfalfa is used much 
more commonly than field-cured alfalfa 
meal as a vitamin A supplement because 
the carotene content is usually much 
higher than in good field-cured hay. De- 
hydrated alfalfa is also generally richer 
in other vitamins. 

In the Vermont experiments dehy- 
drated hay had more than 3 times as 
much carotene when fed in the winter 
as did the field-cured hay. In the experi- 
ments by the United States Department 
of Agriculture the difference was even 
greater between dehydrated hay and 
field-cured hay. The dehydrated hay 
when fed had nearly twice as much caro- 
tene as did barn-dried hay cured with 
heated air. On the other hand, wilted al- 
falfa silage, when fed, had slightly more 
carotene per pound of dry matter than 
did the dehydrated hay. 

Differing greatly from its high con- 
tent of carotene, dehydrated hay usu- 
ally has but little vitamin D, which is 
formed in field-cured hay by the action 
of the ultra-violet rays in sunlight (201) 
Consequently, dehydrated hay cannot 
serve as a vitamin D supplement ikjjstock 
feeding. This fact must be bo®? in 
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mind, especially in using dehydrated al- 
falfa as a vitamin supplement for swine 
in winter. 

In poultry feeding the fact that de- 
hydrated alfalfa has little vitamin D is 
not important. This, is' because the kind 
of vitamin D in field-cured hay has very 
low efficiency for- poultry. (202) Also, 
the vitamin D requirements of poultry 
are so * high that .a, special vitamin D 
supplement is • practically always added 
to the # ration, except perhaps for birds 
outdoors* on pasture. 

It was found in Vermont experi- 
ments that .dehydrated hay contained 
only 4 per cent more total digestible nu- 
trients per 100 lbs. than did field-cured 
hay made in reasonably good weather 
from the same crop. 37 The dehydrated 
hay contained somewhat more total pro- 
tein than the field-cured hay, because 
there had been no loss of leaves. How- 
ever, the protein was less digestible in 
the dehydrated hay, apparently because 
of the effect of the heat in dehydration. 
As a result, the dehydrated hay con- 
tained slightly less digestible protein, on 
the average. 

418. Feeding experiments with de- 
hydrated hay. — The use of dehydrated 
alfalfa or other dehydrated forage as a 
vitamin supplement for the various 
classes of stock is discussed in Chapter 
XVI and in the respective chapters of 
Part III. Experiments are also summa- 
rized there in which dehydrated alfalfa 
has been used as a protein supplement 
to replace part or all of the high-protein 
supplements in rations for dairy cattle, 
beef cattle, and sheep, or to replace part 
of the concentrates fed these animals. 

As a substitute for good field-cured 
hay made from the same cutting, de- 
hydrated hay has a slightly higher feed- 
ing value per ton. However, the differ- 
ence in value is usually more than offset 
by the greater cost of dehydration. De- 
hydrated hay of course has a much 
greater value per ton than field-cured 
hay of poor quality. 

Dehydrated hay or pellets made 
from ground dehydrated hay should not 
be iwd to replace all the hay or hay 
and silage for dairy cows. It is shown in 


Chapter XXV that this may decrease 
rumination and considerably lower the 
fat content of the milk. (1052) In an 
experiment by the United States De- 
partment of Agriculture, when heifers 
were fed pelleted alfalfa as the sole ra- 
tion the fat test of the milk was very 
low. 38 

When used as a supplement to pas- 
ture for dairy cows, dehydrated soybean 
hay produced considerably less milk than 
when the cows were fed a good concen- 
trate mixture, or grain mixture, to sup- 
plement pasture. 39 

419. Dehydrated young forage not 
a concentrate. — On account of the high 
nutritive value of young grasses and leg- 
umes, experiments have been conducted 
to determine whether such forage, when 
dehydrated, could be used satisfactorily 
as a substitute for grain and other con- 
centrates. Appendix Table I shows that 
at the pasture stage mixed grass and 
clover, dried to a hay basis, contains 
only 19.7 per cent fiber and is very rich 
in protein. In comparison with this, hay 
made from crops cut at the usual stage 
of growth generally has 28 to 30 per 
cent fiber. The dried immature forage is 
considerably more digestible than hay 
and supplies 66.7 lbs. total digestible 
nutrients per 100 lbs. However, it is 
lower than most concentrates in total di- 
gestible nutrients and especially in net 
energy. 

When dehydrated young grass has 
been substituted for part of the concen- 
trates usually fed, the production of good 
dairy cows has been well maintained in 
some experiments, but it was decreased 
appreciably in a Washington trial when 
dehydrated young grass-legume mixture 
replaced 15 per cent or more of the con- 
centrates usually fed. 40 When the dehy- 
drated grass has replaced all the concen- 
trates for dairy cows and the usual 
amounts of hay or hay and silage have 
been fed, the production has been con- 
siderably lowered. The ration was then 
so bulky that the cows could not con- 
sume sufficient nutrients to keep up the 
maximum milk flow. 

In a Vermont test cows fed a re- 
duced amount of hay and silage, with 



FEEDS AND FEEDING 


a large allowance of dehydrated grass 
(greater than the weight of concentrates 
usually fed), produced as much milk 
as on a normal ration of concentrates, 
hay, and silage. 41 The dehydrated grass 
was also satisfactory as a silage substi- 
tute. 

On account of the high cost of 
harvesting the immature grass at fre- 
quent intervals and of dehydrating the 
watery material, the use of such de- 
hydrated grass as a substitute for con- 
centrates does not appear to be prac- 
ticable under ordinary conditions. 

420. Pelleted dehydrated hay. — 
Some dehydrated alfalfa is pelleted in 
pelleting machines. Pelleted alfalfa is 
much less bulky than alfalfa meal and 
also it can be shipped in bulk. Therefore 
when the product is shipped a long dis- 
tance, the cost of shipment may be 
enough less to more than cover the cost 
of pelleting. The use of alfalfa pellets 
for the various classes of stock is dis- 
cussed in the respective chapters of Part 
III. 


QUESTIONS 

1. What characteristics does high-quality 

hay have? 

2. What have experiments shown concern- 

ing the relative value of good and poor 
hay? 

3. Discuss the importance of cutting hay 

early. 

4. How high can the water content of hay 

be for safe storage? How can a farmer 
tell when hay is dry enough for stor- 
age? 

5. Discuss the following losses of nutritive 

value in haymaking, and tell how each 
can be minimized: (a) Losses by 
shattering; (b) by fermentation and 
bleaching; ( c ) by leaching. 

6. What is the approximate total loss of 

dry matter during field curing in fairly 
good weather and in storage in the 
mow for legume hay; for grass hay? 

7. Discuss the curing of hay in swath and 

windrow. 

8. Discuss the effects of mowing hay at var- 

ious times of day. 

9. Under what conditions may it be wise 

to put hay in cocks? 

10. What devices are used in curing hay in 
very rainy districts? 


11. Discuss the merits of the hay-loader 

method of storing hay. 

12. Under what condition is the buck-rake 

method most efficient? 

13. Discuss baling hay from the windrow. 

14. What danger is there in feeding baled 

hay? 

15. Discuss chopping hay as it is stored. 

16. What are the advantages and disadvan- 

tages of the barn-drying of hay? 

17. What have experiments shown concern- 

ing the relative value of barn-dried 
and field-cured hay? 

18. Why is not the making of browfi hay ad- 

visable? 

19. What is the effect of adding salt to hay 

as it is stored; of using a preservative 
consisting chiefly of soda? 

20. How may losses from spontaneous com- 

bustion be prevented? * 

21. Compare the nutrient losses fn dehydrat- 

ing and field curing hay. Why. is not 
dehydrated hay used extensively for 
dairy cattle, beef cattle, sheep, or 
horses? 

22. What is the relative carotene and vita- 

min D content of dehydrated and 
field-cured hay? 

23. Discuss the use of dehydrated hay or 

young forage as a substitute for con- 
centrates. 
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CHAPTER XV 

SILAGE AND CROPS FOR SILAGE 


L The Ensiling of Forage Crops 

421. Advantages of silage. — In 
most of the leading stock-farming dis- 
tricts of the United States silage is a 
feed of great importance. This wide use 
of silage is the result of the following ad- 
vantages: 

1. The use of silage generally 
makes it possible to keep more stock on 
a certain area of land. 

Over most of this country either 
corn or the sorghums surpass other for- 
age crops in yield of total digestible nu- 
trients per acre. They may readily be 
made into excellent silage, and a far 
greater feeding value is secured when 
these crops are used for silage than 
when they are fed as dry fodder or when 
the grain is removed and the grain and 
stover are fed separately. 

During recent years the making of 
hay-crop silage, or “grass silage” has in- 
creased greatly in this country. It has 
been shown in the previous chapter that 
the losses of nutrients are less when a 
hay crop is made into silage by a good 
method than when it is made into field- 
cured hay. (398) The difference is es- 
pecially great in the case of carotene. 

2. At a low expense silage fur- 
nishes high-quality succulent feed for 
any season of the year. In winter, silage 
is far cheaper than roots, and in summer 
it is much more economical than a suc- 
cession of specially grown soiling 
crops. 

3. Crops may be ensiled when the 
weather does not permit curing them 
into hay or dry fodder. 

4. Silage, even from plants with 
coarse stalks, such as corn and the sor- 
ghums, is eaten practically without waste. 
On the other hand, a considerable part 
of dry corn or sorghum fodder is usually 
wasted, even if it is of good quality. 
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5. Weedy crops, which would make 
poor hay, may produce satisfactory si- 
lage, and the ensiling process kills many 
kinds of weed seeds. 

6. The crop from a. given area can 
be stored in less space as silage ‘than as 
dry forage. 

7. When a corn or sorghum crop 
is ensiled, the forage is removed from 
the land early, so that it ' may be pre- 
pared for another crop. 

8. In areas where there is consid- 
erable damage from the European corn 
borer, cutting the stalks close to the 
ground and then ensiling the crop is one 
of the best methods of controlling the 
pest. 

The importance of silage in this 
country is shown by the fact that over 
6,000,000 acres of corn and 1,000,000 
acres of sorghums are grown annually 
for silage. In addition, considerable acre- 
ages of hay crops are ensiled, data for 
which are not available. 

422. Value and use of silage. — Be- 
cause of the importance of silage, its 
value and use for the various classes of 
stock are discussed in detail in the chap- 
ters of Part III. Information is also given 
in the following chapters about the most 
important silage crops. 

Apart from the nutrients it contains, 
good silage has certain merits not pos- 
sessed by most dry roughages. It is 
highly palatable, and therefore stock will 
usually eat more roughage on the dry 
basis, when fed silage in addition to hay 
or other dry forage, than when receiving 
only dry feed. This often makes pos- 
sible a considerable saving in the amount 
of concentrates required for good pro- 
duction. 

Silage is slightly laxative. This is 
especially beneficial when little or no 
legume hay is fed. If cattle or^sheep 
have only dry non-legume roughagr dur- 
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■ ing the winter they are apt to become 
constipated and unthrifty. 

Stock are not injured by the con- 
siderable amounts of silage acids that 
they consume when they are fed silage 
continuously for a long time. The or- 
ganic acids in silage are similar to those 
normally produced in the digestive tract 
of ruminants in the digestion of the 
ber and pentosans of the feeds through 
acterial acjibn. These acids are used 
by the animal for food in the same man- 


portant for milk production when the 
available dry roughage is rather inferior. 
To avoid injury to the flavor of milk, si- 
lage should be fed after milking, and 
it should not be left in the stable. 

Silage is just as useful and economi- 
cal for beef cattle and sheep as it is 
for dairy cows. In fact, as is pointed out 
in Chapter XVII, the value per ton of 
well-matured corn silage for fattening 
cattle or lambs is even slightly higher, 
in comparison with that of hay, than 



Saving All of the Corn Crop by Ensiling It 

When the com crop is ensiled at the proper stage of maturity, the full value of both 
grain and stover is secured for dairy cattle, beef cattle, and sheep. 


ner as are the sugars. (As mentioned 
later, the mineral acids used in making 
phosphoric acid or A.I.V. silage should 
be neutralized by feeding ground lime- 
stone or a similar substance.) 

Silage is used most extensively for 
the feeding of dairy cattle, especially 
dairy cows. Cows will generally produce 
more milk on a ration containing both 
silage and good hay than when only dry 
roughage is fed. The only exception is 
when they have an abundance of ex- 
cellent legume or mixed legume-grass 
hay ^"considerably better quality than 
the average. Silage is particularly im- 


it is for dairy cows. Silage aids in keep- 
ing beef breeding cows and breeding 
ewes in thrifty condition during the win- 
ter, as well as being a cheap feed for 
them. 

Good silage may also be used in a 
limited way with idle horses and those 
not worked hard in winter, especially 
brood mares and colts. Silage is used 
but little for swine or poultry. Well- 
cured legume hay, particularly alfalfa 
hay, is better as a vitamin supplement 
for them. 

Only as much silage should be sup- 
plied as will be cleaned up at each feed- 



FEEDS AND FEEDING 


ing. Care should be taken to remove any 
waste, for it spoils in a short time on 
exposure to the air. Frozen silage must 
be thawed before feeding. Spoiled, 
moldy silage should be discarded, and 
one should be especially careful not to 
feed such silage to horses or sheep, be- 
cause they are much more apt to be in- 
jured by it than are cattle. Silage which 
is unusually sour may cause digestive dis- 
turbances with sheep. 

The amounts of silage commonly 
fed per head daily to the various classes 
of stock are about as follows: 

Dairy cows, 30 to 50 lbs. for those in 
milk, with somewhat less for dry cows; dairy 
heifers, 12 to 20 lbs.; beef breeding cows, 30 
to 50 lbs.; fattening 2-year-old steers, 25 to 
30 lbs. at the beginning of the fattening pe- 
riod, the allowance decreasing as they fatten 
until only 10 to 15 lbs. are fed; fattening 
calves, from 10 to 20 lbs. at the beginning of 
the feeding period to 8 to 10 lbs. or less dur- 
ing the latter part; brood mares and idle 
horses, 15 to 30 lbs.; breeding ewes, 2 lbs. 
per 100 lbs. live weight (sometimes more is 
safely fed); fattening lambs, 1.5 to 3.0 lbs. 

423. Silage for summer feeding. — 
Many farmers who fully appreciate the 
value of silage for winter feeding do not 
realize its value for supplementing dried- 
up pastures in the summer. It is also 
economical as a partial substitute for 
pasturage on high-priced land where all 
the stock possible must be kept per acre. 
Silage is generally much cheaper and 
more satisfactory than growing a succes- 
sion of green soiling crops for these pur- 
poses. (386-387) 

Silage can be used for summer feed- 
ing only if enough animals are fed to 
use 2 inches or more of silage daily from 
the entire surface of the silo, so as to 
prevent spoilage. 

424. Economy of silage. — Numer- 
ous experiments have proved that silage 
is more economical and efficient than 
dry corn or sorghum fodder for dairy 
cattle, beef cattle, and sheep. There is, 
however, some difference of opinion as 
to whether silage is actually a cheaper 

hay. 

chapter 
corn si- 


lage furnishes twice as much total di- i 
gestible nutrients per acre as does clover- 
and-timothy hay, and 31 per cent more 
than does alfalfa hay. (450) These facts 
are of great importance to the farmer 
who desires to produce as much feed •, 
as possible on his -fariri. 

In cost-accountihg studies rin the 
com belt states, , the cost ; per ton’<5f eori>: 
silage,- including ensiling the c^op; halo, 
usually been about 30 to 40’ per cent off 
the cost per ton of producing alfalfa* hay 
or mixed hay. Under such condj^fons 
there is no question but what corn $dage 
is a very economical feed, in; comparison 
with hay. Numerous experiments have 
shown that com silage is \ybrtli 33 to 
40 per cent as much a ton as ’good hay 
for dairy cows and fully one-half as much 
as such hay for fattening beef catfle and 
sheep. ’ V * 

Even where the cost of silage; as 
found in cost-accounting studies, is fully 
one-half as much per ton as that of good 
hay, silage may still be an economical 
feed. This is because other factors must 
be considered than merely the cost per 
ton as found in such investigations. 

First, all labor is valued at a uni- 
form price per hour in such studies, re- 
gardless of whether it is in a rush season 
or not. When both corn silage and hay 
are produced, the demand for labor is 
distributed much better than when only 
hay is used for winter roughage. There- 
fore, the need of extra hired labor during 
hay-making may often be avoided. 

The growing of a cultivated crop, 
such as corn or sorghum for silage, may 
have a special value in the crop rotation 
for the control of weeds. 

In humid regions a considerable 
part of the hav crop will often be in- 
jured bv rain, in spite of good manage- 
ment. It cannot be assumed therefore 
that the average hay actually fed on 
stock farms is of a high market grade. 
Much of it is, in fact, decidedly inferior. 

On the other hand, corn or sorghum si- 
lage is generally of high quality, if even 
moderate care is taken in ensiling the 
crop. 

Last, but not least, it is of tijL diffi- 
cult in humid districts to cure, iplhQut 
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one-fourth of a teaspoonful) may con- 
tain many billions of bacteria. These bac- 
teria attack the sugars in the green 
forage, producing organic acids, chiefly 
lactic acid (the acid of sour milk), with 
some acetic acid (the acid of vinegar), 
and traces of other acids and also of 
alcohol. The production of acid is the 
most important change in the process, 
for acidity prevents the growth of un- 
desirable bacteria, such as cause rotting, 
or putrefaction. 

When enough acid has been 
formed, the fermentation is checked, and 
finally the action practically ceases. If 
air does not gain entrance, the silage will 
then keep for long periods with but little 
change. Instances are on record where 
com silage 12 years or more old has 
been of satisfactory quality. If air does 
penetrate, as at the top of the silo or ad- 
jacent to a crack in the wall, mold will 
grow and destroy the acid. Putrefactive 
bacteria can then develop and cause 
further spoilage. 

Com or sorghum forage makes the 
best silage when the dry matter con- 
tent is not less than about 27 or 28 per 
cent. To make good-quality silage from 
hay crops, such as alfalfa or grass, with- 
out a preservative the dry matter con- 
tent should be 30 to 35 per cent. If the 
forage has less dry matter, there will be 
considerable loss of juice, and the silage 
is apt to be of poor quality unless a 
preservative is added, as described later. 

If the percentage of water in the 
silage is too high, an undesirable type 
of fermentation is apt to occur, in which 
strong-smelling butyric acid is formed, 
instead of the much more palatable lac- 
tic and acetic acids. If the forage is too 
dry, it is apt to mold. 

While the sugars are the chief com- 
pounds acted upon by the bacteria in 
the acid fermentations, the starch and 
pentosans may be attacked to a limited 
extent. However, the amount of acid 
developed in the silage depends largely 
on the percentage of sugar in the ensiled 
crop. If the forage is very high in sugar, 
as in the case of very immature com or 
sorghum, so much acid may develop that 
the silage will be unpalatable to stock. 


Also, the feeding value will be lowered,) % 
because there will be a greater loss of 
nutrients in the fermentations. Nor- 
mally the amount of acid in good corn 
silage is not greater than 1.0 to 2.4 per 
cent of the total weight. x 

In addition to' the acids, some ordi- a 
nary or ethyl alcohol is produced and 
also traces of other alcohols. The alcc-ty 
hols largely combine with . the acids % 
form compounds that aid in 'producing 
the characteristic aroma of good silage. 
Yeast cells develop in the silage to some 
extent in the early stages of the process, 
but are relatively unimportant. % 

In silage formation the proteins in 
the green forage are broken down or di- 
gested to a considerable ' extent, prob- 
ably by the enzymes in the plant cells. 
Such changes are similar to those that 
occur when proteins are digested into 
simpler compounds in the animal body, 
and therefore the action is not detri- 
mental. However, in poorly preserved 
silage made from protein-rich hay crops, 
further break-clown of protein may oc- 
cur, resulting in considerable loss. 

During the fermentations in silage, 
the temperature rises somewhat, but if 
the mass is well compacted, so that very 
little air is present, the temperature in 
the interior of the silo rarely exceeds 
100° F. The changes are therefore far 
less extensive than those which take place 
in the making of brown hay. (412) 

Very rarely, many spots of rotten si- 
lage occur in the midst of good silage. 

Such spoilage can be produced by cer- 
tain bacteria which are not checked by 
the acidity or the lack of oxygen, but in- 
stead destroy the acid and rot the si- 
lage. 2 Where there has been this trouble, 
it is recommended that the silo walls be 
cleaned and painted with hot tar before 
filling, in order to kill the bacteria. 

426. Efficiency with which silage 
preserves nutrients. — If a forage crop is 
ensiled in a large, well-made silo, the 
losses of dry matter and digestible nu- 
trients are slightly less than when the 
crop is made into hay or dry fodder, 
even if the weather is satisfactory for 
field curing. 3 This is true for j$orn or 
sorghum forage and also for hay ’ crops. 
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‘ such as alfalfa or grasses. In poor 
weather for field curing, the losses will 
be much greater in hay or dry fodder 
than in silage. The carotene content of 
the green crop is generally preserved 
much better in silage than in hay or dry 
fodder. 

The chief loss of nutrients in silage 
is through the oxidations that take place 
in the normal fermentations and ’Other 
changes Which' occur in the silage proc- 
ess. In these changes a part of the nutri- 
ents (chiefly the sugars) is oxidized to 
carbon dioxide and water and thus lost. 
This loss should not amount to more 
than 5 to 10 per. cent of the dry matter 
of the crop, if it is ensiled in a deep, 
well-built, cylindrical silo by a good 
method. When the mass of forage is not 
well compacted, as in a shallow silo, this 
loss may be much greater. 

In addition, there is a loss through 
the spoilage of silage at the top of the 
silo, unless feeding begins as soon as 
the filling is completed. In a shallow 
silo, the percentage loss through this 
top spoilage is much greater than in a 
deep silo, because the forage that spoils 
at the top represents a greater propor- 
tion of the entire weight. 

In a silo that is at least 30 feet 
deep, the top spoilage should not ex- 
ceed more than 4 to 6 per cent of the 
dry matter. The top spoilage can be kept 
to a minimum by one of the methods of 
covering the surface which are men- 
tioned later. (444) 

If the forage is too high in water 
content when it is ensiled, a third loss 
will occur in the juice that runs out. The 
loss by this means should not exceed 1 
to 3 per cent of the dry matter in the 
case of corn or sorghum forage that has 
reached the proper stage of maturity, or 
in the case of a hay-crop that has been 
slightly wilted before it is ensiled. 4 

The loss by seepage will be con- 
siderably higher if the forage is too wa- 
tery. When the excess juice cannot es- 
cape from silage that is high in water, 
the silage will often be very sour and 
less pa|atable than that from crops lower 
in w^pr, 

in silos at least 30 feet deep, the 


total loss of dry matter should not ex- 
ceed 10 to 15 per cent in com or sor- 
ghum silage, if reasonable care is taken 
to reduce the surface spoilage and if 
there is little or no loss of juice. This 
loss is appreciably lower than the loss 
of dry matter that usually occurs when 
corn or sorghum forage is cured as dry 
fodder, or when a legume hay crop is 
made into hay by ordinary methods. (To 
determine the dry matter content of si- 
lage accurately, it is necessary to correct 
for the loss in ordinary drying of volatile 
nutrients, such as some of the organic 
acids. 5 Often this has not been done, and 
losses of dry matter have been reported 
which are too large.) 

Even when cured in well-made 
shocks, com fodder or stover standing in 
the field for a few months loses at least 
15 per cent and usually 20 per cent or 
more of the dry matter it contains, be- 
cause of weathering and fermentations 
which gradually waste the forage. 6 With 
unfavorable conditions the wastage is 
much greater. The losses are chiefly in 
the most valuable parts of the plant — 
the protein, sugar, and starch — which 
are less resistant and more soluble than 
the fiber. 

The loss of dry matter in hay-crop 
silage is usually somewhat greater than 
in corn or sorghum silage. However, it 
should not be more than 20 to 25 per 
cent, if a good method is used and undue 
loss by seepage is avoided. 

It has been shown in the previous 
chapter that in fairly satisfactory hay- 
making weather the loss of dry matter in 
making and storing legume hay by good 
field-curing methods may total 20 to 30 
per cent. (398) In rainy weather the 
loss will be considerably greater. 

427. Crops for the silo. — To make 
silage, a green forage crop must have 
certain qualities. First, it must be neither 
too dry nor too high in water content. 
If it is too dry, it will not pack well in 
the silo, and enough air will remain to 
permit the development of mold. If the 
forage is too high in water, the silage is 
apt to be very sour or it may even spoil. 

It is essential that there be enough 
acid in the silage to prevent the growth 
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of undesirable bacteria that cause rot- made from a true grass, such as timothy; 
ting or putrefaction. The forage must from a legume, such as alfalfa; from a 

therefore contain a sufficient amount of mixture of legumes and grasses; or from 

sugar, or else one of the special methods a green cereal, such as oats. The author 

must be used which are described later. prefers the term hay-crop silage, as it 

To make the best silage, the forage is more exact and correct. 
crop should have solid stems, so that The special methods used in mak- 

only a small amount of air will remain ing hay-crop silage are described in the 

in the mass after it has settled. In the following articles. Various other kinds of 

case of the hollow-stemmed small grains, silage* are discussed in the later chapters; 
the cut forage must be tramped with * including silage made from pea vines 
especial care to force out as much air as from canning factories, sweet-cdm-Qan- 
possible. nery waste, green sweet corn stover, soft 



A Bundle Elevator Saves Labor 

A bundle elevator on the corn harvester saves much hard labor in loading the heavy 
bundles. (From New York State College of Agriculture, Cornell University.) 


The suitability of various crops for or immature ear corn, sunflowers, beet 
silage is discussed in the following chap- tops, wet beet pulp, apple pomace, and 
ters. Corn and the sorghums are ideal potatoes. 

silage crops. At the proper silage stage Weeds and other waste vegetation 

they contain enough sugar so that suffi- may sometimes be advantageously en- 
cient acid is produced in the silage fer- siled. Cabbage, rape, and turnips make 
mentations to make silage of high qual- unsatisfactory silage, ill-smelling and wa- 
ity. With these crops there is no need tery. 

whatsoever of adding a preservative, 428. Special methods necessary to 

such as molasses or mineral acid. insure good hay-crop silage. — Unless a 

Especially^ in the northeastern states, special method is used in ensiling a hay 
the making of “grass silage/’ or hay-crop crop, particularly a legume crop, the 
silage, has increased greatly in recent silage is apt to be of poor quality. On 
years. Grass silage is the term applied the other hand, very satisfactory §ikge 
popularly to silage made from any un- can be made by the methods dfctibed 
cured hay crop, no matter whether it is later. * ’ 
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The chief reason why a special 
method is necessary in ensiling hay crops 
is that they contain a much smaller per- 
centage of sugars than does corn or sor- 
ghum forage at the proper silage stage. 7 
Sufficient acid may therefore not be pro- 
duced in the silage to keep it from spoil- 
ing or from having a very strong, un- 
desirable odor. 

\ Legume forage, such as alfalfa or 
clover,'.' is lower than grass forage in 
sugars. Also, legume forage is more alka- 
line in; nature than corn or sorghum for- 
age, and this alkalinity neutralizes some 
of the acid that is formed through the 
fermentation of what sugar there is in 
the crop, 8 In addition, legume forage 
tends to bind chemically and counteract 
acidity, because of its richness in pro- 
tein. 

Another reason why a special 
method is needed to make good hay-crop 
silage is that green legumes and grasses 
at the usual hay stages generally have 
less than 25 per cent of dry matter. Such 
forage is too watery to make high-qual- 
ity silage unless a special method is used. 
Alfalfa or clover in early bloom or before 
bloom may have only 20 to 23 per cent 
dry matter or even less. 

Many investigations have been con- 
ducted in recent years by experiment 
stations in this country to determine the 
best methods to use in making silage 
from hay crops. The most important re- 
sults of these studies are summarized in 
the following articles. 

429. Wilting the forage. — It has 
previously been pointed out that to make 
high-quality silage, hay crops should con- 
tain 30 to 35 per cent dry matter. If 
possible, the crop should therefore be 
allowed to wilt somewhat in the swath 
before it is ensiled, in order to bring 
the dry matter percentage up to this 
level. Wilting is impossible when a for- 
age harvester is used which chops the 
forage as it is mowed. On a dry, sunny 
day an interval of 2 to 3 hours between 
mowing and loading will probably be 
enough for sufficient wilting. If the for- 
age.jJ^s out too much, it will not pack 
welll^pd it is apt to mold. Also, more 
of tnePearotene (vitamin A value) will 


be destroyed. In a very dry season, or 
with rather mature crops, wilting of the 
forage is not necessary. 

One reason why wilting the forage 
improves 'grass silage” is that it increases 
the amount of sugar in each pound of 
forage, due to the removal of part of the 
water. Pennsylvania studies also indicate 
that wilting such forage as alfalfa actu- 
ally increases the percentage of sugar in 
the forage, on the dry basis. 9 If legumes 
or grasses are wilted to just the right ex- 
tent, silage of good quality can usually 
be made from them without the addition 
of any preservative. However, it is diffi- 
cult to get exactly the right amount of 
dry matter in the forage, and therefore 
many farmers prefer to use a preserva- 
tive, even when the crop is wilted before 
it is ensiled. 

If watery forage crops are not 
wilted, there is apt to be much leakage 
of juice from the silo, if the excess juice 
can get out. This not only wastes nu- 
trients, but the juice is apt to be very 
foul-smelling as it decays. In addition, 
watery silage exerts such great pressure 
on the silo that the walls may give way. 
Such silage also has a destructive action 
on concrete. 

Many farmers use the "squeeze test” 
to determine whether the forage has the 
proper dry matter content. A handful of 
the chopped forage is given a good hand 
squeeze with both hands. If moisture 
appears between the fingers, or if the 
material stays in a compact ball when 
pressure is released, it is too wet to en- 
sile without a preservative. 

If it expands gradually, the dry mat- 
ter content is probably about right. On 
the other hand, if it crumbles and falls 
apart, it is too dry. The test does not 
work well with forage containing a high 
percentage of Ladino clover or with very 
coarse forage, such as sweet clover. 

The moisture content of the forage 
can be determined by cutting up with 
shears a carefully taken sample and 
weighing it before and after drying in 
an oven at a low heat. 10 A home-made 
moisture tester for silage has been de- 
vised and also other relatively simple 
moisture testers. 11 
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430. Addition of molasses. — The 
method used most widely in this country 
for improving hay-crop silage, or so- 
called “grass silage,” is the addition of 
molasses as a preservative. This increases 
the sugar content so that enough acid is 
formed in the fermentations to preserve 
the silage properly. 

The addition of molasses decidedly 
improves the quality of legume or grass 
silage that is too low in dry matter to 
make good silage otherwise. Even when 


in the silage. Cane molasses, beet mo- 
lasses, corn molasses, citrus molasses, or 
wood sugar molasses can all be used for 
this purpose. 

The amount of molasses needed per 
ton of green forage will range from 80 
lbs. (7 gallons) for legumes in early 
bloom or before, to 40 lbs. for grasses or 
green cereals. The more immature the 
crop is, the larger is the amount of mo- 
lasses advised. Some recommend 100 
lbs. of molasses per ton for soybeans en- 



Cutting a Legume-grass Mixture for Silage 

The making of hay-crop silage, or so-called “grass silage,” has increased greatly in 
recent years. This fine crop of mixed legumes and grass should make good silage, (From 
New York State College of Agriculture. ) 


the forage is wilted, molasses is apt to 
improve the quality and palatability of 
the silage, unless the dry matter content 
is just right and due care is taken in en- 
siling the forage. The carotene content 
of the silage also tends, to be higher when 
molasses is added. 

Most of the feeding value of the 
molasses that is added remains in the 
silage, because the sugar in the molasses 
is converted chiefly into lactic and acetic 
acids, which have food value. It is es- 
timated that about 75 per cent of the 
nutritive value of the molasses remains 


siled before the seed has developed 
much. 

If the silage cutter or blower is not 
equipped with a molasses pump, the mo- 
lasses can be run into the blower or the 
silage cutter from a barrel on an ele- 
vated platform, through a hose or pipe 
with a valve for adjusting the rate of 
flow. In cool weather if the molasses is 
too thick to flow fast enough, it can be 
diluted with a little water. 

431. Addition of ground gram or 
other dry feeds. — Experimen^pLave 
shown that excellent silage can be* made 
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from legumes or other hay crops when 
there is added as a preservative ground 
grain or certain other dry concentrates. 
One of the benefits from such an addi- 
tion to forage low in dry matter is that it 
decidedly increases the percentage of dry 
matter. 

For- example, 150 lbs. of grain 
(about the usual amount added per ton 
of forage) contains over one-quarter as 
much dry matter as there is in a ton of 
green hay crop With 22 per cent dry mat- 
ter. Addiiig the; grain will raise the dry 
matter in the silage to more than 26 per 
r :nt. \ 

The addition of ground grain also 
increases the palatability of the silage, 
because grain is so well liked by stock. 
Adding grain may also increase the 
am Stmt of acid produced in the silage, as 
some acid may be formed from the 
starch in the grain. Probably at least 75 
per cent of the feeding value of the grain 
is retained in the silage. 

The following amounts of ground 
grain should be added per ton of green 
forage: For alfalfa, clovers, or lespedeza, 
125 to 150 lbs.; for soybeans, 200 lbs.; 
for grass or cereal forage, 75 lbs.; and 
for mixed legumes and grasses, 100 to 
125 lbs., depending on the proportion 
of legumes. If eorn-and-cob meal is used 
instead of ground corn or other grain, 
the amount should be increased about 
one-quarter. 

Good results have been secured 
when there has been added in making 
hay-crop silage similar amounts of dried 
citrus pulp, dried beet pulp, dried mo- 
lasses-beet pulp, or brewers’ dried grains. 

Sometimes 800 to 400 lbs. of dry 


in the crop, produces sufficient acidity 
to make satisfactory silage. This method 
has been used but little by farmers in 
this country. 


Sometimes phosphoric acid has 
been used as a preservative in making 
hay-crop silage. It does not have the 
strong corrosive effect of such acids as 


sulfuric acid or hydrochloric acid. Also, 


it increases the residual manurial value 


of the silage. Food-grade phosphoric 
acid should be used, as lower grades may 
contain injurious substances. The amount 
of liquid phosphoric acid generally rec- 
ommended per ton of forage ranges from 
16 lbs. (5 quarts) of 68-per-cent phos- 
phoric acid (or 14 lbs. of 75-per-cent 
acid) for legumes to 9 lbs. of 68-per-cent 
phosphoric acid for grasses or cereals. 
About one-half of the cost of the phos- 
phoric acid is returned in the increased 
fertility value of the manure resulting 
from feeding the silage. 

The nutrients in a hay crop are well 
preserved by the phosphoric-acid 
method. However, in recent experiments 
the silage has been somewhat less palat- 
able to stock than silage made with mo- 
lasses or ground grain as the preserva- 
tive. Also, when dairy cows have been 
fed large amounts of phosphoric-acid 
silage for a long period, they sometimes 
have not seemed to be as thrifty as when 
fed other silage. 

In order to neutralize the consider- 


able amount of mineral acid in phos- 
phoric-acid silage, ground limestone or 
some other form of calcium carbonate 


should be fed with it. 12 For cattle, 2 


ounces per head daily of ground lime- 
stone or a mixture of limestone and 


com or sorghum fodder or stover, or else 
hay, are added to each ton of a watery 
hay crop as it is run through the silage 
cutter. Experiments have shown that it 
is doubtful whether this usually produces 
as good silage as is made when the hay 
crop is merely wilted to the proper de- 
gree. 

432. Addition of mineral acid. — 
Another method is the addition of acid 
to the forage as it is ensiled. This acid, 
toge^^ . with the x acid formed through 
the^^^aentation * of the sugar contained 


sodium bicarbonate are sufficient. 

In the A.I.V. method, a mixture of 
hydrochloric acid and sulfuric acid is 
added to the forage. This patented 
method is employed to a considerable ex- 
tent in northern Europe, where hay-crop 
silage is commonly made in pits or 
trenches, often without chopping. It has 
been used but little in the United States, 
because it has no special advantages, and 
the acids have a destructive action on 
clothing, the silo-filling machinery, and 
the silo wall. 
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433. Ensiling mixtures of legumes 
and other forage. — Good silage can be 
made from a mixture of legume forage, 
such as alfalfa or soybeans, with a suit- 
able proportion of green corn or sorghum 
forage, which contains much more sugar. 
Since sorghum forage has more sugar 
than corn forage, less of it is needed. One 
ton of green sorghum to each 3 tons of 
alfalfa or soybeans should be sufficient, 
while it is best to have about equal ' 
weights of corn forage and legume for- 
age. 

434. Sodium bisulfite; sulfur diox- 
ide. — A few years ago the use of sulfur 
dioxide was proposed to improve the 
quality of hay-crop silage, by decreasing 
the fermentations. At first, the method 
was used of injecting sulfur dioxide gas 
into the ensiled forage, from the cylin- 
ders in which it is shipped under great 
pressure, at points a few feet apart into 
each 2 or 3 foot layer of silage. 13 This 
method takes considerable time and the 
sulfur dioxide may not become uniformly 
distributed in the forage. 

A much less troublesome way of 
adding sulfur dioxide is to add 8 lbs. of 
sodium bisulfite per ton to the forage as 
it is ensiled. 14 Sodium bisulfite (sodium 
metabisulfite) has been used for many 
years in the preservation of certain hu- 
man foods. 

The sodium bisulfite, which is a dry 
powder, can be applied to the chopped 
forage as it is ensiled by means of a 
special device, or by means of a fertilizer 
distributor, borrowed from a corn 
planter. 

Several experiments have been con- 
ducted to compare this method, pro- 
posed by the Pennsylvania Station in 
1952, with other methods of making hay- 
crop silage. 15 These studies have shown 
that the chief advantage of the method 
is that it usually improves the odor of 
the silage decidedly, due to a reduction 
in butyric acid and in putrefaction. Also, 
the addition of sodium bisulfite may in- 
crease the preservation of carotene, but 
all good hay-crop silage has an abun- 
dance to meet the needs of livestock. 

In some experiments sodium bisul- 
fite silage has been more palatable than 


other hay-crop silages, but in other trials 
it has been less palatable even than si- 
lage made with no preservative. While 
the results of the various experiments 
have differed considerably, the sodium 
bisulfite method does not apparently ^re- 
duce the loss- of dry matter appreciably, * 
or improve the- digestibility of the silage. J 

The most extensive feeding trials 
with sodium bisulfite silage yet reported 
are those by the New York (Cornell) 
Station. 10 During 2 seasons silage was 
made from mixed legumes and gravest 
(75 per cent legumes), cut when A# 
legumes were in early bloom. The'J^r- 
age contained only about 20 per cent 
dry matter and was not wilted, as it was 
harvested with a field chopper. Each , 
kind of silage tested was fed as the orfy 
roughage to dairy cows, with- the usual 
amount of concentrate mixture. 

In amount of silage eaten per head 
daily, in milk production per cow, in dry 
matter required per pound of milk, and 
in gain in live weight, the sodium bisul- 
fite silage ranked slightly below silage 
made with no preservative or silage 
made with molasses. In warm weather 
the sodium bisulfite silage tended to 
spoil, after removal from the silo, sooner 
than the other silages. The only advan- 
tage of adding sodium bisulfite seemed 
to be the production of good-smelling 
silage, and a somewhat better preserva- 
tion of carotene. However, the other si- 
lages had plenty of carotene. 

435. Other methods. — Sometimes 
dried whey or even undried whey is 
added in ensiling a hay crop. The results 
are apt to be inferior to those from using 
molasses, ground grain, or mineral acid, 
or from wilting the crop. 

Silage made with the addition of a 
commercial mixture consisting chiefly of 
calcium formate and sodium nitrite was 
inferior to no preservative or sodium 
bisulfite silage in an Illinois trial, and to 
silage made from wilted forage in an ex- 
periment by the United States Depart- 
ment of Agriculture. 17 

Occasionally salt is added to the 
hay-crop forage, but it is very doubtful 
whether this produces any ap^^^able 
benefit. 
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Claims that lactic acid cultures im- the weather is so rainy that it is impossi- 
prove the quality of silage have been ble to make good field-cured hay. 
proven false. 18 All green silage crops Part of the first cutting of legume 

have an abundance of such bacteria, or mixed legume-grass hay can be en- 
Methods of treating the’ ensiled forage siled earlier than the usual stage for mak- 
^th currents of electricity 19 or steam- ing hay, when the crop has a very high 
ing it 20 to kill the bacteria have not feeding value per ton of dry matter. A 
proven advantageous. ' larger second crop of hay can then gen- 

In an Italian method grasses or leg- erally be obtained, which can be made 
times are dried to a dry matter content of # into good hay, as the weather in late 
60 to 70 per cent before ensiling. 21 The ’ summer is usually more favorable for 
silage is heavily weighted in a tower silo field curing. 



Making a Hay Crop into Silage Conserves Nutrients 

The loss of nutrients is usually less when a hay crop is made into silage by a suitable 
method than when it is made into hay in the ordinary way. (From New York State College 
of Agriculture, Cornell University. ) 


by means of a wooden cover and large 
stones, so as to force out most of the air 
and reduce the fermentations. Without 
such weighting, forage as dry as this 
would be apt to mold or even char. 

436. Pros and cons of hay-crop si- 
lage. — Many experiments have been con- 
ducted in recent years to determine the 
feeding value of hay-crop silage, and es- 
pecially to compare it with corn silage 
or wljj| hay. These studies have shown 
that® of the chief advantages of hay- 
croppage is that it can be made when 


Making part of the first cutting into 
silage early helps to distribute the labor 
of harvesting the hay crops, and it aids 
in controlling weeds. 

By ensiling hay crops, good silage 
can readily be provided in regions where 
the climate is too cool or the growing sea- 
son is too short for corn or the sorghums 
to thrive. Where fields are subject to 
severe erosion, growing hay crops for si- 
lage instead of corn or sorghum largely 
prevents erosion. 

Double use can be made of a silo 
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when it is filled in the fall with corn or 
other silage for winter feeding, and then 
filled again early in the summer with 
first-cutting hay crop. This silage can be 
fed during the summer as a supplement 
to pasture when the pasturage becomes 
scanty. 

It has been shown in the previous 
chapter that the total losses of dry mat- 
ter and of nutrients are generally slightly 
less when a hay crop is ensiled by a good “ 
method than when it is made into field- 
cured hay, even in good weather. (398) 
The difference is great in the case of 
carotene. In rainy weather the loss of 
dry matter and of nutrients is much 
greater in field-cured hay than in silage. 

Another advantage of hay-crop si- 
lage is that stock usually eat it with less 
wastage than in the case of hav of or- 
dinary quality. 

One of the disadvantages of hay- 
crop silage is that it often has a very 
penetrating and disagreeable odor, even 
when made by one of the special meth- 
ods that have been described. This is 
more objectionable to humans than to 
livestock. Usually stock like hay-crop 
silage when they become used to it, but 
sometimes they will not consume as 
much as of corn silage. With hay-crop 
silage there may be more trouble in very 
cold weather from freezing next to the 
silo wall than with com silage. 

The cost of storing a hay crop as 
silage is often greater than the cost of 
making it into hay in good hay-making 
weather, because of the large amount of 
water that must be handled in the green 
crop. In general, there is little or no ad- 
vantage in ensiling hay crops in a region 
where the climate is such that it is gen- 
erally easy to make them into hay of 
good quality. It must always be remem- 
bered that good silage cannot be made 
from any crop that would not make satis- 
factory hay if it could be cured satisfac- 
torily. 

In ensiling hay crops, the forage 
should be cut fine, as it then packs 
quickly and closely, forcing out the air. 
For wilted or rather mature forage, the 
cutter should be set for the shortest cut 
available. An unwilted crop, high in 


water, need not be cut so fine, except to- 
wards the top of the silo. 

When the wilting method is used 
in making hay-crop silage, the top few 
feet in the silo should not be wilted, for 
the wet, heavy forage will pack better 
and reduce surface spoilage. Also, it is 
best to add molasses or another preserva- 
tive to the top portion. 

A silo for hay-crop silage must be 
well built and strongly reinforced to 
withstand the great lateral pressure as 
the silage settles. 

437. Nutrients in hay-crop silage.* 
The percentage of dry matter in h .y- 
crop silage varies widely, depending on 
whether or not the crop was wilted be- 
fore being ensiled and also on the stage 
of maturity. Separate averages are there- 
fore given in Appendix Table I for wilted 
silage of various kinds and for unwilted 
silage, so far as sufficient data are avail- 
able. 

In general, hay-crop silage is ap- 
preciably lower in total digestible nu- 
trients, and especially in net energy, than 
well-eared corn silage which has the 
same percentage of diy matter. This is 
because hay-crop silage lacks the large 
amount of grain that well-eared corn 
silage contains. Experiments have also 
shown that hav-crop silage is a little 
lower in total digestible nutrients, on the 
dry basis, than good hay made from the 
same crop .- 2 

On the dry basis, hay-crop silage is 
similar in content of total digestible nu- 
trients to immature corn silage or corn 
silage with only a few ears. Because of 
the lower content of total digestible nu- 
trients and net energy in hay-crop silage, 
compared with well-eared corn silage, it 
may be necessary to feed high-producing 
animals a somewhat larger allowance of 
concentrates with hay-crop silage. This 
is especially apt to be the case with fat- 
tening cattle or lambs. 

The difference in total digestible nu- 
trients may be entirely or largely offset 
by the fact that most hay-crop silage is 
much higher in protein than corn or sor- 
ghum silage. Less protein supplement is 
therefore needed with hay-crop 4 silage. 
Often, no protein supplement at all is re- 
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quired with hay-crop silage, while it 
would be necessary with corn or sorghum 
silage. This is an important point when 
protein supplements are decidedly more 
expensive than farm grain, but it is fre- 
quently overlooked. 

Hay-crop silage of good quality is 
much richer in carotene than field-cured 
hay made from the same crop. (196, Ap- 
, pendix Table V) It also has much more 
/carotene than corn or sorghum silage. 

*'* While field-cured hay usually sup- 
plies considerable vitamin D, hay-crop 
silage that has not been wilted has very 
little. This is because green forage crops 
have practically no vitamin D, but con- 
tain ergosterol, from which the vitamin 
is formed during field curing through the 
action of the ultra-violet light in the sun- 
light. (201, 204) Hay-crop silage that 
has been wilted in the field may have 
sufficient vitamin D to protect calves 
against rickets when they have no other 
source of the . vitamin. 

Because hav-crop silage does not 
supply much vitamin D, it is not ad- 
visable to use it as the only roughage for 
cattle or sheep throughout the winter, 
unless they are exposed to considerable 
direct sunlight or are fed a vitamin D 
supplement. 

438. Hay-crop silage for dairy cat- 
tle. — Hay-crop silage, or “grass silage,” is 
used in this country much more exten- 
sively for dairy cows and heifers than 
for other classes of stock. A great num- 
ber of experiments have therefore been 
conducted by our experiment stations to 
determine the value of hay-crop silage 
for dairy cattle and to find the best ways 
of using it. 23 From a study of the results 
of these many investigations, the follow- 
ing conclusions can be drawn: 

When hay-crop silage is added to a 
ration of good hay and concentrates, the 
milk production of cows is usually in- 
creased slightly. This is because a good 
succulent feed tends to raise the milk 
yield somewhat. (524) Whether or not 
the increase will be marked will depend 
chiefly on the quality of the hay. If the 
hay is rather poor, there will be a de- 
cided ^nefit from the addition of silage 
to the ration. 


Experiments have shown that hay- 
crop silage is generally worth more, per 
100 lbs. of dry matter, than good hay 
made from the same crop. This is in 
spite of the fact, mentioned previously, 
that the content of total digestible nu- 
trients in hay-crop silage is a trifle less, 
on the dry matter basis, than in good hay 
made from the same crop. 

As has been stated previously, the 
* losses of dry matter and of nutrients are 
generally a little less when a hay crop 
is made into good silage than when the 
crop is field-cured into hay. In rainy 
weather there is considerable difference 
in favor of silage. 

In extensive experiments by the 
United States Department of Agricul- 
ture, in which both the losses of dry 
matter and nutrients and the actual feed- 
ing value of the forage were considered, 
wilted alfalfa silage produced 5 per cent 
more milk per acre than field-cured hay 
made in good weather. The value of the 
silage per acre was 31 per cent greater 
than that of field-cured hay which was 
damaged by rain. 

The wilted silage had about the 
same feeding value per acre as barn- 
dried hay, ranking slightly above barn- 
dried hay made with unheated air and 
a trifle below barn-dried hay made with 
heated air. 

These and other experiments show 
that about the same feeding value per 
acre for dairy cows is secured when a 
hay crop is made into silage by a good 
method as when it is barn-dried. 
The choice between the two methods 
should therefore depend on the relative 
cost and convenience on any particular 
farm. 

In some experiments hay-crop si- 
lage has been fully equal in value per 
ton for milk production to well-eared 
corn silage containing the same percent- 
age of dry matter. However, in other 
trials in which equal amounts of concen- 
trates have been fed, there has been a 
tendency for the milk yield to be a trifle 
lower on hay-crop silage, or for the cows 
not to maintain their live weights quite 
so well. Such a tendency can be pre- 
vented by increasing the allowance of 
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■/ concentrates somewhat, to make up for the amount of hay can be reduced some-’ 

,fj ; . the lack of grain in hay-crop silage. what, with entirely satisfactory results. 

This advantage of well-eared corn Dairy cows are ordinarily fed at least 1 
silage may be off-set by the fact that leg- lb. of hay daily per 100 "lbs. live weight, 
ume or legume-grass silage is much However, good results are secured when 
richer in protein. Therefore, decidedly only 5 to 7 lbs. of well-made hay are 
less protein is needed in the concentrate fed per head daily, -along with all the 
mixture than with corn or sorghum si- silage the cows will eat and* the. usual 
lage. Often dairymen do not fully take amount of concentrates. - "• 'A yf 

this difference into consideration when Hay-crop silage is an excellent -s^p 

substituting hay-crop silage for corn or ' plement to pasture for dairy cows, /'jafein' • , 
sorghum silage. equal to good hay for this pm , pose‘^irf/* #% 

The high milk production which 'Georgia experiment. 25 Feeding* t?ie sikJiF ’ , 

can be secured on home-grown feed by to cows on pasture was not unduW | gM fr 
the use of silage, hay, and pasture rich tive, and milk production andj&iaB^ 
in legumes is well shown by the results weights were maintained as .well 
obtained by an Illinois dairyman. 2 * His hay was fed on pasture. . 

21-cow herd averaged 525 lbs. of fat a* When part of the first cutiiftgf of hay 

year without the feeding of any pur* is made into silage, excellent use can 

chased concentrate. A mixture of only often be made of the silage', for' supple- 

ground corn and oats, with minerals, was menting scanty pasture in midsummer, 

fed at a moderate rate. The excellent pro- Then the silo "can be filled -again with 

duction was due to the fact that in winter corn or sorghum silage in the fall, 

the cows were fed all the legume-grass Because hay-crop silage usually his 

silage (made with ground corn as a pre- much more carotene than field-cured hay 
servative) and all the excellent mixed or than corn or sorghum silage, the vi- 
hay they would clean up, and in summer tamin A value of winter milk is increased 
they had good legume-grass pasture, decidedly when hay-crop silage is fed. 
with a little hay supplied in addition. Also, the milk, especially of Guernseys 
Hay-crop silage can be used as the and Jerseys, is yellower in color, because 
only roughage for dairy cows or heifers, of the greater carotene content, 

but the best results are usually secured If hay-crop silage is fed only after 

when it is fed in combination with some milking and in a well- ventilated "stable, 
hay. When cows are fed only hay-erop the strong odor it often has does not 
silage for roughage, they will generally injure the flavor of milk or of dairy prod- 
not consume as much roughage, on the ucts. Indeed, the feeding of hay-crop 
dry basis, as when they are fed both si- silage under proper conditions may im- 
lage and hay. The only exception seems prove the flavor of milk and also reduce 
to be with hay-crop silage that is wilted the tendency for oxidized flavor to de- 
so that it has a high content of dry mat- velop in pasteurized milk. Care should 
ter. Such silage is, however, apt to mold always be taken not to leave any un- 
unless great care is taken to cut the for- eaten silage in the manger to spoil, and 
age very fine when it is ensiled, and to not to have piles of silage in the stable 
tramp it well in the silo. at milking time. 

When hay-crop silage of the usual Hay-crop silage can be used for 

type is fed to dairy cows as the only growing dairy heifers in the same man- 
roughage, it is generally necessary to ner as "" for dairy cows. It is shown in 
feed more concentrates than usual. If Chapter XXVII that the results of the ex- 
this is not done, the cows are apt to periments have differed greatly in which 
drop in milk production or to lose body hay-crop silage has been compared with 
weight, because of a smaller intake of good hay for heifers. (1135) Often heif- 
nutrients. ers will consume much less dry matter 


If there is a more abundant supply than normal, if fed hay-erop gj jjjg e as 
of hay-crop silage than there is of hay, the only roughage or with but Wsmall 
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allowance of hay. They will then need a 
greater amount of concentrates to make 
good growth. 

Hay-crop silage that has not been 
wilted in the field is usually too low in 
vitamin D to protect calves against 
rickets* when they have no exposure to 
sunljgKt.' On the other hand, wilted si- 
lagd&ri&y supply sufficient of the vitamin. 

jLi **439; Hay-crop silage for beef cattle. 
* jpfn several experiments . with fattening 
Jittle fed a. liberal amount of grain, hay- 

silage has been equal in value per 
10 Vcq corn silage containing a similar 
pelRQjit&ge. of dry matter. 26 On the other 
haniyiroen cattle are fattened' chiefly on 
roughage, with only a small am6unt of 
concentrates, the lack of grain in hay- 
crop silage is a decided disadvantage. 

-Fattening, cattle need considerable 
grain or other concentrates to make rapid 
gains and become well fattened. There- 
fore on a high-roughage ration it is gen- 
erally necessary to feed a larger amount 
of concentrates with hay-crop silage than 
with well-eared corn silage, to produce 
as rapid gains and as good finish. 

This disadvantage is partly offset by 
the fact that most hay-crop silage is con- 
siderably higher than corn silage in pro- 
tein. Consequently, there may be no need 
to feed a protein supplement with hay- 
crop silage, even though a supplement is 
needed when corn silage is used. 

In a recent Ohio trial yearling steers 
gained 2.0 lbs. a day on only corn silage 
supplemented with 1.5 lbs. of soybean 
oil meal per head daily. 27 To produce 
equal gains it was necessary to give 
steers fed hay-crop silage $ lbs. of corn- 
and-cob meal a day. In this trial hay-crop 
silage was worth only 52 per cent as 
much per ton as com silage. 

In each of 4 Michigan experiments 
one lot of cattle was fattened on a ra- 
tion of corn silage, legume or mixed hay, 
and protein supplement, with an average 
of only 1.6 lbs. corn grain per head daily 
in addition. 26 Another lot was fed hay- 
crop silage (largely alfalfa), with 
enough com grain to produce gains equal 
to thlprst lot. This required 8.7 lbs. of 
corn per head daily. In these trials the 


hay-crop silage was worth 84 per cent 
as much a ton as the corn silage. 

A third lot of cattle in each experi- 
ment was fed alfalfa hay and enough 
corn grain to produce gains equal to the 
first lot. This required about the same 
amount as for the cattle fed hay-crop 
silage. On the average, hay-crop silage 
was worth 58 per cent as much a ton 
as alfalfa hay. 

In New York and West Virginia ex- 
periments satisfactory results were se- 
cured when beef cows were wintered on 
a limited amount of good hay plus either 
hay-crop silage or corn silage. 29 In the 
New York trials the hay-crop silage, on 
the dry-matter basis, was worth 80 per 
‘cent as much per ton as corn silage. In 
the West Virginia trials, where equal 
amounts of dry matter were fed, the 
cows gained slightly more on corn silage. 
In other West Virginia experiments beef 
cows gained a little more when fed both 
hay-crop silage and hay than when fed 
either hay or the silage alone. 30 

Experiments have shown that hay- 
crop silage usually has a much lower 
value for wintering beef calves than for 
beef cows. Beef calves make satisfactory 
gains when wintered on only good al- 
falfa or other legume hay, or else on corn 
or sorghum silage plus a small amount 
of protein supplement. However, if fed 
only hay-crop silage the gains are gen- 
erally unsatisfactory, though such si- 
lage has plenty of protein. 31 

To produce good gains on hay-crop 
silage, it is necessary to feed the calves 
2 to 3 lbs. or more of grain or other con- 
centrates. In New York tests hay-crop 
silage was worth only 57 per cent as 
much per ton as corn silage, on equal 
dry matter basis, in comparison with 
80 per cent as much for beef cows. 32 The 
difference was probably due to the fact 
that growing calves need a ration richer 
in net energy than do mature cows being 
wintered. 

440. Hay-crop silage for sheep. — 
Hay-crop silage is a satisfactory substi- 
tute for corn silage or for hay in feeding 
sheep. It is not generally used as the 
only roughage, but is best fed in combi- 
nation with hay. However, in Kentucky, 
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I ; : ; Michigan and Ohio experiments satis- 

J ■ factory results were secured when preg- 

nant ewes and other sheep were wintered 
on hay-crop silage as the sole roughage. 33 
Ewes thus fed will eat 10 to 12 lbs. of 
silage per head daily. On the average, 
hay-crop silage was worth about 40 per 
cent as much per ton as hay in feeding 
value. 

Since hay-crop silage lacks the con- 
siderable amount of grain there is in 
well-eared corn silage, breeding ewes or 
fattening lambs may need more grain 
when hay-crop silage replaces corn si- 
lage. However, a protein supplement 
may be needed with corn silage and not 
with hay-crop silage, which usually has 
much more protein. 

In South Dakota experiments fat- 
tening Iambs made equal gains when 
fed rations of com grain, protein supple- 
ment, a little hay, and either alfalfa si- 
lage or corn silage. 34 The alfalfa silage 
was worth slightly less per ton than the 
corn silage. Less satisfactory results were 
secured in New Mexico trials where al- 
falfa silage was used as the only rough- 
age for fattening lambs. 35 

441. Hay-crop or grass silage for 
other stock. — Hay-crop silage is not com- 
monly fed to horses, but it can be used 
in the same manner as corn silage. ( 528 ) 
Special care should be taken not to feed 
any spoiled silage to horses. 

Legume silage can be used instead 
of legume hay as a vitamin A supple- 
ment for swine. However, it has but lit- 
tle vitamin D, unless it has been wilted 
in the field. It is therefore generally bet- 
ter to include good-quality, field-cured 
alfalfa or other legume hay in the winter 
rations for swine. 

Grain can be saved by feeding 
brood sows hay-crop silage in winter, just 
as with legume hay. 36 However, in Min- 
nesota tests feeding hay-crop silage to 
sows after farrowing tended to cause 
scours in the nursing pigs. 37 

Silage made from alfalfa, clover, or 
other legumes, or from immature grass is 
sometimes fed to hens or other poultry, 
instead of using alfalfa meal as a vitamin 
A supplement. 38 When rations of hens 
contain the usual amounts of alfalfa meal 




and other vitamin supplements, the ad- 
dition of such silage does not generally ; 

cause any improvement. Feeding more ;; 

than 3 lbs. of hay-crop silage daily per - 
100 hens may produce dark-colored or 
greenish yolks. After hens become accus- 
tomed to silage, they sometimes will eat 
as much as. 10 to 15 lbs. daily per 100 \ 

birds. Chicks do not eat enough hay- - | 

a crop silage to provide sufficient riboflavin. ; 

For poultry, silage is occasionally 
made in barrels or steel drums. The for- 
age must be well packed and a cover !. 
should be used, with a heavy weight on 
top. This method takes much labor per 
ton of silage. V 

II. Silos and Filling the Silo 

442. Requisites of a good silo. — To 
preserve silage best, an above-ground \ 
silo should have the following character- 
istics: 

1. Air tight walls. The walls must 
prevent the entrance of air and the doors 
must fit snugly. If air enters, molds will 
grow, spoiling the silage. 

2. Cylindrical shape. In the early 
silos, which were rectangular, it was ex- 
ceedingly difficult to pack the forage 
tightly enough in the corners to prevent 
spoilage. The cylindrical silo has no cor- 
ners, the sides are strong and unyield- 
ing, and it provides the largest possible 
cubic capacity for a given amount of 
building material. 

3. Smooth , perpendicular , strong 
walls. Unless the walls of the silo are 
smooth and perpendicular, cavities will 
form along the walls as the mass settles, 
and the adjacent silage will spoil. The 
walls must be strong and rigid, for while 
the silage is settling a great outward pres- 
sure is developed. This is considerably 
greater in the case of hay-crop silage 
than with corn silage. 

4. Depth . It has been emphasized 
previously in this chapter that the per- 
centage loss of nutrients by surface spoil- 
age is much less in a deep silo than in a 
shallow one. (426) 

443. Types of silos. — Most above- 
ground silos in this country are con- 
structed of wood, concrete staves, or 
glazed tile. Occasionally, silos are built 
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* of solid concrete, brick, or galvanized trench silo and stacked the silage above 

sheet iron or steel. The choice between this. Occasionally, instead of making a 

the various types of silos will depend on trench in the ground, earth is piled on 

local conditions. each side so as to make an above-ground 

Especially in the drier regions, wide trench, 
use has been made of trench silos dur- Temporary silos are occasionally 

ing recent years. Where the soil is well made of slat or picket fencing, such as 

drained, these provide a cheap and sat- is used for snow fences. This is lined 

isfactory means of ensiling crops. The with a tough reinforced paper made for 

losses of nutrients in trench silos are con- the purpose. “Snow-fence” silos are not 

siderably greater than in the case of deep . well suited for ensiling hay crops, be- 
cylindrical silos, but this is more or less cause heavy spoilage is apt to occur dur- 

olBFset by the small cost. Occasionally, pit ing summer in such silos. 39 They are 

silos are used instead of trench silos. more satisfactory with corn or sorghum 
On account of the shallowness, the silage. 



A Trench Silo Provides Cheap Storage 

Where the soil is well drained, a trench silo provides cheap storage for forage, but the 
losses of nutrients are higher than in deep cylindrical silos. 


forage must be packed very thoroughly Gas-tight silos have been developed, 

in a trench silo by driving a tractor or which are made of glass-coated steel 
a team of horses back and forth over it, plates, and which have a mechanism at 
and when filling is completed the sur- the bottom for removing the silage daily, 
face should be covered with wet straw or In a test by the United States Depart- 
with straw and earth. Feeding is begun ment of Agriculture a comparison was 
at one end, the silage being removed in made of grass silage in such a silo and 
vertical slices of a size which can be fed in an ordinary tower silo. 40 Except for 
out in about two days. the top surface spoilage in the ordinary 

Especially where the soil is not well silo, there was no appreciable difference 
enough drained for a trench silo, silage in the loss of dry matter or digestible nu- 
is sometimes made in above-ground large trients in the two silos, or in the feeding 
and long stacks, well compacted by run- value of the silage, 
ning the trucks over the mass. Losses 444. Filling the silo. — In ensiling 

are apt to be higher than in a trench forage it should be chopped fine by a 

silo. Some farmers have made a shallow silage cutter. Finely-chopped forage 
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packs more densely, it makes better si- is directed toward the center of the silo, 
lage, and the loss of nutrients is reduced The forage is then allowed to “cone up” 
to a minimum. Also, the silage can be re- as it falls. Sometimes a man levels it off 

moved much easier if the forage is after each load, but others do no levelling 

chopped. except toward the top of the silo. To 

In this country silage cutters are avoid a large amount of spoilage at the 
generally set to cut the forage into pieces top, it is important that for the last few 
not over one-half inch long. For corn in feet the silage be levelled off and thor- 

the early-dent stage, a half-inch cut is oughly tramped. Good results are se- 

satisfactory. For more mature corn and cured by this method with corn or sor- 
for hay-crop silage, a one-quarter inch , ghum forage, if it contains sufficient 
cut is best, as the forage packs better. water to pack well, but if it is a little 



A Large Above-ground Trench Silo 

The cut forage is packed firmly by the trucks as the silo is filled. Such a trench silo cm 
be used where the soil is not well enough drained for a regular trench silo. 


The safest plan to insure good silage dry, the silage is apt to be poor, espec- 
is to have a reliable man in the silo as ially near the wall. Thorough distributing 
it is filled, to distribute the forage uni- and tramping is advisable with hay-crop 
formly by moving the flexible distributor silage. 

pipe. In walking about, he will also help No matter what method is followed, 

pack the forage. Toward the top of the if the forage is too diy to pack well when 

silo the material should be tramped es- it is ensiled, water should be added, 

pecially well near the wall, as the fric- This may be done by running it into the 

tion with the wall retards settling. Some blower-fan case or into the blower pipe 

advise keeping the center higher than the just above the blower. If the water is un- 
outside while filling the upper part of the der sufficient pressure, it may be allowed 

silo, believing that this lessens the ten- to run into the flexible distributor pipe in 
dency of the silage to draw away from the silo, or the man who tramps the for- 

the wall as it settles. age can carry the hose and wet the for- 

To save labor, the plan is sometimes age as he packs it. 

used of tying the distributor pipe so it The forage will settle considerably 
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after the silo is filled, and more may then 
be put in, any spoiled surface material 
being first removed. If feeding is not to 
begin immediately, the surface should 
be wet down thoroughly and tramped 
well several times the first week, when 
the rotting forage on top will form a 
Ifeyer that protects the rest. To lessen the 
waste, it is well to remove the ears from 
the last few loads of corn forage and to 
cover the top with a foot or so of cheap ’ 
refuse, such as straw or weeds thoroughly 
soaked with water. Sometimes oats are 
sown on the surface. On growing, the 
roots form a dense mat which aids in 
keeping out the air. 

The loss at the surface can be re- 
duced to a minimum if the forage is 
covered (after it is levelled, thoroughly 
wet down, and well tramped) with cheap 
roll-roofing, the joints being lapped 
about 4 inches and the ends turned up 
against the side wall 4 or 5 inches. Then 
the roofing is covered with a few inches 
of silage, wet straw, sawdust, or other 
material. Heavy, strong wrapping paper, 
treated with lubricating oil, can be used 
in place of roll-roofing. Silo seals, made 
of plastic or rubberized fabric, have also 
been developed for reducing the surface 
spoilage. 

If desired, feeding the silage can 
start immediately after the forage is en- 
siled. When feeding starts later, any 
spoiled material should always be re- 
moved from the top of the silage and 
put where stock cannot eat it. 

445. Danger from carbon dioxide, 
or nitrogen dioxide. — On going into a 
silo after an intermission in filling or for 
a few days after filling, one should al- 
ways guard against danger from carbon 
dioxide. This gas, which is heavier than 
air, may accumulate near the surface of 
the silage so that there will not be 
enough oxygen in the air for life. If a 
lighted lantern or candle lowered into 
the silo goes out, it is unsafe for one to 
enter. Opening a door near the surface 
of the silage will allow the carbon diox- 
ide to escape. Before entering, agitate 
the air by operating the blower for a few 
minutes or by swinging a blanket vig- 
orously. 


Very rarely, poisonous yellow nitro- 
gen dioxide gas is formed in silage soon 
after filling, apparently being produced 
from nitrates in the forage. 41 The gas is 
heavier than air and may accumulate 
near the surface of the silage or in the 
silo chute. Operating the blower for a 
few minutes before entering the silo will 
drive out any of this gas as well as car- 
bon dioxide. 

446. Weight of silage and capac- 
ities of silos . — Several investigations 
have been conducted to determine the 
weight of corn silage per cubic foot at 
various depths in cylindrical silos and 
the capacities of silos of various sizes, in- 
cluding studies by the United States De- 
partment of Agriculture and by the Kan- 
sas, Minnesota, Missouri, Nebraska and 
Wisconsin Stations. 42 These experiments 
show that silage is much more compact 
and heavier as the depth from the sur- 
face increases. The weight per cubic 
foot at any depth will vary considerably, 
depending especially on the percentage 
of water in the crop when ensiled and 
the amount of grain in it. 

The experiments by the United 
States Department of Agriculture were 
with well-eared corn forage, ensiled at 
the early dent stage and having about 
the average percentage of water for well- 
eared corn silage. In these studies the 
average weight of a cubic foot of corn 
silage at the surface foot was 17.7 lbs.; 
at a depth of 5 feet, 39.8 lbs.; at 10 feet, 

47.1 lbs.; at 15 feet, 50.5 lbs.; at 20 feet, 

52.4 lbs.; at 25 feet, 53.7 lbs.; at 30 feet, 

54.4 lbs.; and at 35 feet, 54.8 lbs. 

The average weight of the silage for 
the whole depth was 31.6 lbs. per cubic 
foot for the first 5 feet, 38.1 lbs. for a 
depth of 10 feet, 41.8 lbs. for a depth of 
15 feet, 44.3 lbs. for a depth of 20 feet, 

46.1 lbs. for a depth of 25 feet, 47.4 lbs. 
for a depth of 30 feet, and 48.5 lbs. for 
a depth of 35 feet. 

The following table shows the esti- 
mated capacity of silos of various sizes, 
according to these investigations, for 
well-eared com silage ensiled in the early 
dent stage, cut in one-quarter inch 
lengths, well-tramped during filling of 
the silo, and with the silo refilled once 
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after settling for one day. The depth 
indicated is the actual depth of the 
settled silage, and not the height of the 
silo. 

For corn silage differing from this 
type, the following changes should be 
made from the capacities shown in the 
table: 

1. If the corn is well eared but im- 
mature, add 5 per cent to the number of 
tons shown. If it has only a fair number 
of ears, deduct 5 per cent, and if it has 
few ears or none, deduct 10 per cent. 

2. If the corn grain is almost fully 
dented, deduct 5 to 10 per cent. 

3. If the corn grain is fully dented 
and hard, deduct 15 to 20 per cent. 

4. If the corn is cut in % to % inch 
lengths or longer, deduct 5 per cent. 

The capacity of a silo for sorghum 


fore need additional reinforcing to with- 
stand this pressure. This is also the case 
with sunflower silage. 

‘ 447. Estimating the amount of si- 

lage in a silo. — To estimate the amount 
of silage remaining in a silo after part 
has been, fed out, find the actual depth 
left and estimate the original total depth 
of silage after settling. Then compute the 
amount as follows: Let us suppose that 
10 feet of silage are left in a silo having 
a diameter of 14 feet, and that after 
settling, the entire depth of silage was 
about 28 feet before feeding started. 

From the table we find that at first 
the silo contained 101 tons. The first 18 
feet of silage, which were fed out, con- 
tained about 60 tons, according to the 
table. The difference, or 41 tons, is the 
approximate weight of the silage left. 



Tons of settled 

corn 

silage in 

cylindrical 

silos 




Inside diam. in feet 

4 

6 

8 

10 

Depth of silage in feet 

12 14 16 18 

20 

22 

24 

26 

10 

5 

8 

11 

15 

19 

23 

27 

31 

35 

39 

43 

47 

12 

7 

11 

16 

22 

27 

33 

38 

44 

50 

56 

62 

68 

14 

9 

15 

22 

29 

37 

44 

52 

60 

68 

76 

85 

93 

16 

12 

20 

29 

38 

48 

58 

68 

79 

89 

100 

110 

121 

18 

15 

25 

37 

49 

61 

74 

86 

100 

113 

126 

140 

154 

20 

■■1,; 1 

18 

31 

45 

60 

75 

91 

107 

123 

139 

156 

173 

190 

■ "1; 

28 

30 

32 

34 

Depth of silage 

36 38 40 

in feet 

42 

44 

46 

48 

50 

10 

52 

56 

60 

64 









1 12 

74 

80 

87 

93 









; 14 

101 

110 

118 

126 

135 

143 

152 






16 

132 

143 

154 

165 

176 

187 

198 

209 

220 




|I 4 - v - 18 

167 

181 

195 

209 

223 

237 

251 

265 

279 

293 

307 

320 

Hr I- 20 

206 

224 

241 

258 

275 

292 

310 

327 

344 

361 

378 

396 


silage containing a good proportion of 
grain is about the same as for com si- 
lage. Hay-crop silage is heavier than corn 
silage that contains the same percentage 
of dry matter. On the other hand, if the 
hay crop is wilted before ensiling, so that 
the percentage of dry matter is 30 per 
cent or more, the silage may be no 
heavier than com silage. Sunflower silage 
is much heavier than corn silage. 

Hay-crop silage has been found to 
exert a much greater lateral pressure on 
the silo wall during settling than does 
com silage having the same moisture 
content. Silos for hay-crop silage there- 


448. Proper size of silo. — The di- 
ameter of the silo should depend on the 
number and kind of animals to be fed 
from it, and its height on the length of 
the feeding period. The silo should be 
of such diameter that in the cooler part 
of the year at least 1.5 inches, and pref- 
erably 2 inches, of silage will be re- 
moved from the entire surface daily to 
prevent spoilage. When silage is used for 
summer feeding, somewhat more should 
be removed daily. 

The size of silo required may be 
computed from the length of the feed- 
ing period and the amount required 
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daily for the different kinds of stock, as 
shown previously in this chapter. Know- 
ing the number of animals of each kind 
to be fed, the entire amount of silage 
which will be consumed daily may be 
ascertained. The maximum diameter 
which the silo should have may then be 
determined from the following: 

Two inches in depth of ordinary 
corn silage average about 7.9 lbs. per sur- 
face square foot in a silo filled to a depth 
of 30 feet. To use 2 inches daily from 
the surface, approximately the following 
amounts must be fed from silos of vari- 
ous diameters: Diameter 10 feet, 620 lbs. 
silage; 12 feet, 895 lbs.; 14 feet, 1,215 
lbs.; 16 feet, 1,590 lbs.; 18 feet, 2,010 
lbs.; and 20 feet, 2,480 lbs. 

When the maximum diameter which 
the silo should have has thus been deter- 
mined, the total amount of silage re- 
quired for the desired feeding period 
may be computed, and the dimensions 
for a silo of this capacity found by re- 
ferring to the table given previously. It 
should be borne in mind that silage in a 
relatively deep silo keeps better than in 
a shallow one, as has been pointed out 
before. Also, when a silo is more than 18 
or 20 feet in diameter, more labor is re- 
quired in carrying the silage to the silo 
door as it is removed for feeding. 

QUESTIONS 

1. State 8 advantages of silage for livestock 

feeding. 

2. Discuss the use and value of silage for 

dairy cattle, beef cattle, and sheep. 

3. Under your local conditions should a 

dairy farmer raise silage for his cows, 
or should he use hay as the only rough- 
age? 

4. Describe in detail the changes that occur 

when a green crop is ensiled. 

5. Discuss the efficiency with which nutri- 

ents are preserved in silage, stating 
the kinds of losses that occur and the 
approximate percentage of dry matter 
that is lost. 

6. What characteristics should a good silage 

crop have? 

7. Discuss the suitability of the following 

crops for silage: Corn, the sorghums, 
the small grains, alfalfa. 

8. What special methods are used to pro- 

duce better silage from hay crops? De- 


scribe 5 methods and state the quality 
of silage produced by each. 

9. Discuss the advantages and disadvan- 
tages of hay-crop silage in comparison 
with corn silage and with hay. 

10. Compare the content of hay-crop silage 

and corn silage in total digestible nu- 
trients, net energy, protein, and caro- 
tene. 

11. What is the relative vitamin D content 

of hay-crop silage and of field-cured 
hay? 

12. Discuss the value of hay-crop silage for: 

(a) Dairy cattle; (b) beef cattle; (c) 
sheep; (d) swine; (e) poultry. 

13. State four requisites of a good silo. 

14. State the advantages and disadvantages 

of trench silos. 

15. Discuss the various methods of filling a 

silo with corn forage. Under what con- 
ditions might you allow the forage to 
“cone up” in the silo? 

16. How can surface spoilage of silage be 

lessened? 

17. How can you determine approximately 

how much silage is left in a silo after 
part of it has been fed out? 
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CHAPTER XVI 

LEGUMES FOR FORAGE 


I. Superiority of Legume 
Forage 

449. Advantages of legume forage. 
— Legume roughages occupy a place of 
particular importance in the feeding of 
livestock, because of the several superior- 
ities they have over all other forage 
crops. They excel in the following re- 
spects: 

1. They lead in yield of palatable 
hay per acre. In nearly every livestock 
section of the United States some kind 
of legume will produce a greater yield 
per acre than other common hay crops. 
Moreover, this hay is so much more 
palatable than grass hay of the usual 
quality, that stock will eat larger amounts 
of it and thus get a larger part of their 
nourishment from this cheap source. 

2. They are the richest in protein of 
all common forages. Therefore their use 
greatly reduces the amount of protein 
supplement needed to balance a ration. 
Indeed, merely good legume hay and 
farm grain make a well-balanced ration 
for some classes of stock. 

3. Their protein helps correct the 
deficiencies in the proteins of the cereal 
grains. This is well shown by the fact 
that pigs fed only corn on alfalfa pasture 
will make fairly satisfactory gains, though 
they will do still better when a small 
amount of high-quality protein supple- 
ment is fed in addition. 

For dairy cows, beef cattle, sheep, 
and horses, protein of entirely satisfac- 
tory quality is always assured whenever 
good legume forage forms any consid- 
erable part of the roughage. 

4. Legume forages are the highest 
in calcium among all farm-grown feeds. 

If dairy cattle, beef cattle, sheep, or 
horses get plenty of good legume for- 
age, there is no need to add a calcium 
supplement to the ration. 


Legume roughages are not rich in 
„ phosphorus, containing less -than do the 
cereal grains. However, their phosphorus 
content is generally a little higher than 
that of forage from corn, the sorghums, 
or the grasses. 

5. Legume forage excels in vitamin 
A value. It has been pointed out in Chap- 
ter VII that well-cured legume hay has 
much more carotene, and consequently 
is much higher in vitamin A value, than 
is hay from the grasses or other dry for- 
age. Legume silage is even richer in vita- 
min A value. During the barn-feeding 
season stock will generally have an abun- 
dance of vitamin *A if good legume 
or mixed legume-grass hay or silage 
forms a considerable part of their rough- 
age. 

6. Field-cured legume hay is rich 
in vitamin D. Good-quality, field-cured 
legume hay is the richest source of vita- 
min D among common feeds. Dairy 
cows, beef cattle, sheep, and horses will 
be plentifully supplied with this vitamin 
when fed a reasonable amount of such 
hay, or of good field-cured mixed leg- 
ume-and-grass hay. Only 5 per cent of 
field-cured legume hav in the ration will 
generally furnish enough vitamin D for 
pigs in winter. 

7. Legume forage is rich in other 
vitamins. Plenty of good legume hay will 
usually supply ample amounts of the 
other vitamins needed by livestock, ex- 
cept in the case of poultry, which have 
especially high requirements for ribo- 
flavin and certain other B-complex vita- 
mins. 

8. Legumes increase the yield and 
protein content of grasses. Such legumes 
as alfalfa and the clovers increase the 
yield and protein content of the grasses 
when grown in combination with them. 
For pasture or for hay, a combination 
of grasses and legumes is therefore usu- 
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ally far preferable to any mixture of 
grasses alone, without legumes. 

In Ohio experiments over several 
years a combination of timothy with red 
clover, alsike clover, or alfalfa yielded 
over 40 per cent more hay than timothy 
alone. Also, the percentage of protein 
in timothy or orchard grass (not includ- 
ing the legumes) was 44 to 50 per cent 
higher when grown with alfalfa than 
when the grass was grown alone. 1 

This beneficial effect of legumes 
upon the composition of grasses is prob- 
ably due, at least in most part, to the 
nitrogen furnished to the soil when the 
nitrogen-bearing nodules on the legume 
roots are shed and decay. 

9. Legumes are highly important in 
maintaining soil fertility. Through the ac- 
tion of the legume bacteria in the nod- 
ules on their roots, legumes use in their 
growth free nitrogen gas from the air. 
It must be kept in mind that they build 
up the nitrogen content of the soil only 
when the proper nodule-forming bacteria 
are present. Where these are lacking, it 
is essential that the soil be inoculated. 

The legume bacteria are so effective 
in using nitrogen from the air that the 
nitrogen content of the soil may be in- 
creased even when such a legume hay 
crop as alfalfa or red clover is grown 
and all the hay removed, only the stub- 
ble and roots being returned to the soil. 2 
On the other hand, when soybeans, 
which have a much less extensive root 
system, are grown for hay, without re- 
turning the manure, there may be a 
slight loss of nitrogen from the soil. 

Not only do legume crops aid in 
maintaining the nitrogen supply in the 
soil, but also they increase the yield of 
succeeding crops by rendering the soil 
nitrogen more active and available and 
by producing other benefits. Thus, deep- 
rooted legumes, such as alfalfa and 
sweet clover, penetrate and open up soil 
layers below the plow line. The roots 
furnish organic matter to keep the soil 
particles aggregated and porous, thus 
improving soil structure. 

The beneficial effects do not con- 
tinue for many years after the growth 
of the legume crop. It is therefore advan- 


tageous from this standpoint, as well as 
for the maintenance of the nitrogen sup- 
ply of the soil, to grow the legumes 
chiefly in regular crop rotations, instead 
of growing such a crop as alfalfa for a 
long time on the same field. 

II. Alfalfa 

450. Importance of alfalfa. — Over 
one-third of all the tame hay produced 
in the United States is now alfalfa 
(. Medicago sativa ). Alfalfa has come to 
occupy this leading position because it 
out-yields other hay crops and also be- 
cause of its palatability, its richness in 
protein, and its high content of calcium 
and of vitamins. In addition to the im- 
portance of alfalfa for hay, alfalfa and 
alfalfa-grass mixtures are widely used 
for pasture and for silage. Because of the 
excellence of alfalfa hay and other alfalfa 
forage, they are commonly taken as the 
standards with which other forage crops 
are compared. 

While alfalfa was at first raised 
chiefly in the western states, it is now 
grown in most areas of the United States 
where the soil is well-drained and not 
so acid as to make the cost of liming 
prohibitive. The North Central States 
now lead in acreage of alfalfa, though 
California is first in tonnage of alfalfa 
hay, because of the high yields secured 
under irrigation. 

The reasons for the popularity of 
alfalfa hay are shown in the following 
table. This shows the average yield of 
nutrients per acre throughout the United 
States from alfalfa hay, from clover-and- 
timothy hay, and from corn silage. 

Average yields of nutrients from 
alfalfa hay and other crops 


Alfalfa hay 
Clover-and- 


shows that alfalfa produces a much 
larger yield of hay and of dry matter 


Yield 

Dry 

Di- 

Total 

per 

acre 

matter 

gestible 

protein 

digestible 

nutrients 

Tons 

Lbs. 

Lbs. 

Lbs, 

2.20 

3,982 

453 

2,231 

1.41 

2,484 

132 

1,438 

8.00 

4,416 

192 

2,928 

le, computed from the 

; for 

the whole 

country, 
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per acre than does clover and timothy. 
It is slightly excelled in yield of dry 
matter by corn grown for silage. 

Alfalfa hay provides over three 
times as much digestible protein per 
acre as elover-and-timothy hay and 2.4 
times as much as corn grown for silage. 
It furnishes much more total digestible 
nutrients per acre than does clover-and- 
timothy hay, and is excelled only by 
com silage. * In addition, alfalfa hay' is 
much richer in calcium and also higher 


bined with a humid climate, alfalfa gen- 
erally fails unless the soil is unusually 
favorable. 

Because alfalfa sends its roots deep 
into the subsoil on well-drained land, it 
is able to draw moisture from a great 
depth of soil.; In a semi-arid climate this 
may bring about a decided depletion in 
the moisture of the subsoil, for the al- 
falfa can draw upon water which has 
been stored there over a long period. 
Thi§ depletion of subsoil iY 


Legume Hay Is Unexcelled as Roughage 

Legume hay and other legume forages are unexcelled, because of their several superiori- 
ties over other forages. Dairymen are fortunate who have an abundance of well-cured legume 
hay for their cows. 


in carotene and other vitamins than are 
these other crops. 

Considerably larger yields- of alfalfa 
hay are secured under, favorable con- 
ditions than shown in the table. Even 
in the eastern states, yields of 3 to 4 
tons per acre during the season are not 
uncommon. In the West very heavy 
yields are often secured under irrigation. 
In the hot irrigated districts of the South- 
west, 8 or even more cuttings are some- 
times made in a’ year. Where both soil 
and climate are suitable, alfalfa returns 
good crops for many years without re- 
seeding. When high temperature is corn- 


one of the chief reasons why alfalfa often 
fails to thrive in such dry districts when 
seeded on land which has been in al- 
falfa several years. The very efficiency 
of the crop in obtaining water thus 
proves its undoing on that particular 
field. This probably has been the chief 
cause of the decrease in alfalfa acreage 
in certain western states during recent 
years. 

Where alfalfa thrives best, it will 
produce a larger yield when seeded 
alone than when sown with a grass. In 
other areas, as is pointed out later in 
this chapter, the stand lasts longer and 
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a larger yield is secured over a period and Vernal, have been developed which 
of years when alfalfa is seeded in com- are very resistant to bacterial wilt dis- 
bination with a suitable grass, such as ease, and other varieties have been pro- 
timothy or bromegrass. (469) duced for certain areas, which are re- 

451. Varieties and types of* alfalfa, sistant to other diseases or to nematodes. 
— The variegated alfalfas are of much Which is the best variety for any 

importance in the northernmost states area will depend entirely on the local 
and in Canada, as they , are much more conditions. Any person in doubt as to 
wintel>‘hardy than common alfalfa. These the variety to use should secure advice 
variety* which have various-colored and from his state experiment station, agri- 
varieg^ted. blossoms, are hybrids between cultural college, or county agent. The 
ordi44’®yla.lfalfa and the yellow-flowered value of any variety will depend primar- 
or Siberian alfalfa ( Medicago falcata ). ily on how it thrives in a given locality 



Legumes Can Use Nitrogen of Am Only When Inoculated 


When the nitrogen-fixing bacteria or germs are lacking, it is essential that the soil be 
inoculated to secure maximum crops. At left, are soybeans on sandy soil which were inocu- 
lated with the proper bacteria; at right, soybeans which were not inoculated. (From Wis- 
consin Station. ) 

To this class belong the well-known and on its yield. The value per ton of 

Grimm, Cossack, Ontario- Variegated, the forage from different varieties does 

Baltic, Ladak, Hardigan, Ranger, Atlan- not differ appreciably, so far as is known, 

tic, and Narragansett varieties, and the 452. Composition and value of al- 

new Vernal alfalfa. falfa hay. — Alfalfa hay possesses to a 

Turkestan alfalfa is indistinguish- high degree the nutritive advantages 

able from common alfalfa in growth. It common to legume forages, which have 

is somewhat hardier but usually yields been emphasized earlier in this chapter, 

less hay. Feruvian alfalfa is a rapidly- (449) It has an average of 15.3 per cent 

growing, non-hardy type, which is par- protein, in comparison with 12.0 per cent 

ticularly well adapted to the southern- for red clover, and the protein in alfalfa 

most alfalfa districts. Recently, creeping is more digestible. As a result, average 

or pasture-type alfalfas have been pro- alfalfa hay furnishes 10.9 lbs. digestible 

duced, which spread by underground protein' per 100 lbs., against 7.2 lbs. for 

rootstalks and persist longer in pastures, clover. 

Varieties, such as Ranger, Buffalo, There is therefore a decided differ- 
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ence in the amount of protein supple- 
ment needed to balance a ration when 
stock are fed alfalfa hay in place of 
clover hay. Indeed, a supplement may 
not be required with alfalfa, while it may 
be needed with clover. The protein con- 
tent of alfalfa hay varies considerably, 
even in hay harvested at the same stage 
of maturity and well cured. Occasion- 
ally it will contain no more protein than 
clover hay. 

The fact that the protein of alfalfa 
helps to correct the deficiencies of the 


and a decidedly lower value than timo- 
thy hay. 3 This lower net energy value of 
alfalfa hay apparently results from a 
stimulating effect on body metabolism 
arid heat production, perhaps caused by 
hormones present in alfalfa. (54) This 
stimulating effect on metabolism pro- 
duced by hay from alfalfa and other leg- 
umes (which stimulation reduces its net 
energy value) is probably one of the 
reasons why such excellent production 
is secured when daffy cows and other 
stock are fed plenty of good legume hay. 



Alfalfa Is Our Most Important Hay Crop 

A fine field of alfalfa. Because of the merits of alfalfa for hay, it has become the most 
important hay crop in the United States. 


proteins of the cereal grains has been 
pointed out previously. (126) 

Alfalfa hay supplies practically as 
much total digestible nutrients as does 
red clover hay, and is appreciably higher 
than timothy hay. In actual feeding ex- 
periments with daffy cows, beef cattle, 
and sheep alfalfa hay has always been 
equal or even superior to hay from the 
grasses in productive value, even when 
the lack of protein in grass hay was 
corrected by adding protein supplement. 

However, in certain net energy in- 
vestigations alfalfa hay has had a slightly 
lower net energy value than clover hay 


Because good alfalfa hay has been 
proven to be fully equal to first-class 
timothy hay in productive value in the 
practical feeding of livestock, the author 
has rated average alfalfa hay equal to 
excellent timothy hay in the estimated 
net energy values given in Appendix 
Table II. 

Alfalfa hay is exceptionally rich in 
calcium, having an average of *1.47 per 
cent. This high calcium content is of 
especial importance for dairy cows, 
breeding stock, and young growing ani- 
mals. Alfalfa hay has only a fair phos- 
phorus content, averaging 0.24 per cent. 


V 
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On phosphorus-deficient soils, it may be 
very low in phosphorus content. 

Alfalfa hay of good quality has : a 
high vitamin A value, because of its rich- 
ness in carotene. For this reason, alfalfa 
meal, especially dehydrated alfalfa, is 
widely used to supply carotene and other 
vitamins in rations for poultry and swine. 
As has been shown earlier, the carotene 
content will vary widely, depending on 
the stage of maturity at which the hay 
was cut, on how well it was cured, 
and on how much carotene has been 
lost during storage. ( 195-196) Gen- 
erally, ‘leafy hay which has consider- 
able green color will be good to high in 
carotene content. 

Field-cured alfalfa hay is a good 
source of vitamin D for all stock except 
poultry. The form of vitamin D in alfalfa 
and other field-cured hays is not well 
utilized by poultry. Also, their require- 
ments for the vitamin are so high that 
they need special vitamin D supple- 
ments, even when alfalfa products are in- 
cluded in their rations. 

Good alfalfa hay is quite rich in rib- 
oflavin and in niacin. In addition, it has 
other vitamins that may be lacking in ra- 
tions for animals which get no fresh 
green feed. (222) 

Alfalfa is also a good source of vi- 
tamin K. (225) Even 1 to 2 per cent of 
good-quality alfalfa meal in the ration 
usually furnishes sufficient of this vita- 
min for poultry. 

In this country, where yellow skin 
is preferred in market poultry, the xan- 
thophyll in alfalfa meal helps to produce 
it. (14) 

453. Differences in composition 
and value of alfalfa hay. — Alfalfa hay 
like all other kinds of hay, varies widely 
in value, depending, first of all, on how 
it was cured. (Chapter XIV) Hay of a 
good green color, cured without rain and 
with little shattering of leaves, has the 
highest feeding value. Since the leaves 
contain twice as high a percentage of 
protein as the stems, a considerable loss 
of leaves in hay-making not only de- 
creases the yield of hay but also decid- 
edly lowers the value per ton. Except 
from the vitamin standpoint, hay which 


is of good quality but not bright green 
in color may be about as valuable as 
green-colored hay, if it is as leafy and has 
not been leached by rain. 

With hay cured equally well, the 
chief factor affecting the composition is 
the stage of maturity at which it is cut. 
The earlier the hay is cut, the higher it 
will be in protein and vitamins, the lower 
it will be in fiber, and the greater will be 
the digestibility. (Appendix Table I.) 
In general, alfalfa hay cut reasonably 
early (when from one-tenth .to one-half 
in bloom) is best for dairy cows, beef 
cattle, sheep, and swine. That cut very 
early is preferred for poultry and rabbits. 
Hay cut in full bloom is best for horses, 
as early-cut hay may be too laxative. Hay 
cut too early may also cause scours in 
young calves. 

When alfalfa hay is fed to dairy 
cows in the usual rations, along with a 
reasonable allowance of concentrates, 
there is not apparently much difference 
in the value per ton of hay cut extremely 
early and that cut in early bloom. For 
example, in extensive Arizona tests, there 
was no difference in the milk or fat pro-' 
duction when cows were fed alfalfa hay 
cut at the bud stage in comparison with 
hay cut when one-third in bloom. 4 The 
bud-stage hay was slightly more palat- 
able, and the cows ate a little more of it. 
To offset this, a trifle more of the con- 
centrate mixture was fed with the one- 
third-bloom hay. 

When alfalfa hay is fed to dairy 
cows as the only feed, as is sometimes 
done in certain sections of the West, hay 
cut very early will have an appreciably 
higher value than later-cut hay. In 3 
Montana trials the milk production was 
14 per cent higher when cows were thus 
fed alfalfa hay cut at the beginning of 
bloom, than when they were fed hay cut 
at the half-bloom stage. 5 The milk yield 
on hay cut at full bloom was 8 per cent 
below the yield on the hay cut at half 
bloom. Similarly, in Kansas tests beef 
steers fed only alfalfa hay cut at the bud 
stage made 18 per cent more gain per 
ton of hay than when fed hay cut when 
one-tenth in bloom. 6 

After the full-bloom stage, the value 
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of alfalfa hay falls decidedly. Such late- 
cut hay is less palatable and considerably 
lower in digestible nutrients. In the Kan- 
sas tests with beef steers, hay cut when 
one-tenth in bloom produced twice as 
much gain per ton as hay cut in the seed 
stage. 

In trials by the United States De- 
partment of Agriculture dairy heifers 
were fed U.S. No. 1 or 2 alfalfa hay, 
containing 26 to 30 per cent fiber, as the 
sole ration, in comparison with poor 
alfalfa having 37 to 38 per cent fiber. 7 
The heifers fed the good hay gained 28 
per cent more and required 12 per cent 
less hay per pound of gain. 

The relative value of the different 
cuttings of alfalfa hay will depend on 
climatic conditions. In the corn belt and 
eastward the first cutting is commonly 
coarser and less leafy than the later cut- 
tings and therefore is of somewhat lower 
value, when the different cuttings are 
equally well cured. Also, the weather is 
often less favorable for curing the first 
crop. On the other hand, in some of the 
western irrigated districts, the first cut- 
ting is more leafy and finer stemmed 
than some of the later cuttings. 

In general, fine-stemmed, leafy hay 
is worth more than coarser, stemmier 
hay. The difference in value is greatest 
for poultry, swine, and sheep, and is less 
for dairy cows or beef cattle which are 
fed concentrates in addition to the hay. 
In many districts there is a decided prej- 
udice among stockmen in favor of a cer- 
tain cutting of alfalfa hay, though the 
actual difference in value of the various 
cuttings may be much less than the dif- 
ference in market price. 8 

Alfalfa hay badly damaged by rain, 
stemmy hay that has lost most of the 
leaves, or hay otherwise of poor quality 
has a much lower value than hay of good 
quality. 9 Stock will eat much less of such 
poor hay, and the nutritive value per 
pound is decidedly less. 

Occasionally, cattle or sheep fed 
leafy, good-quality alfalfa hay as the only 
roughage tend to bloat. Such trouble may 
usually be prevented by feeding some 
non-legume roughage, such as corn or 
sorghum silage, along with the alfalfa. 


The use of alfalfa straw or chaff is 
discussed later. (513) 

454. Stage to cut alfalfa. — In de- 
ciding when to cut alfalfa for hay, one 
must consider not only the quality of the 
hay but also the effect upon the length 
of life of the stand. Extensive experi- 
ments have shown that, except perhaps 
where the conditions are most favorable 
to alfalfa, repeated cutting of a field be- 
fore early bloom will weaken the plants 
and shorten their life. This is due to a 
depletion of reserve food in the alfalfa 
roots, brought about by the early and fre- 
quent cutting. These reserves are built 
up in the roots during the blossoming 
period and later. 

Cutting a vigorous stand occasion- 
ally as early as the bud stage will not 
usually produce any noticeable injury, 
but. the same field should not be cut early 
repeatedly. The same area should not be 
cut first each year, and it is wise to de- 
lay cutting of a new seeding until after 
the older stands have been cut. 

In the humid districts, the first 
growth of alfalfa in the spring is gen- 
erally coarser and stemmier than later 
cuttings. Cutting such rank growth rea- 
sonably early makes much better-quality 
hay than if it is cut when in full bloom. 
When leafhopper infestation is severe, 
cutting the crop at a particular time may 
aid in preventing damage. If alfalfa has 
been injured by severe winter weather, 
cutting it at the full-bloom stage the fol- 
lowing spring will aid it to recover. 

Where the winters are severe, the 
stand is maintained better if the alfalfa 
is not cut for hay in the fall or grazed 
closely, but a growth 6 inches or more in 
height is left for winter protection. When 
it is desired to cut alfalfa or to graze it 
in the fall, the stand is injured less if this 
is delayed until late October, by which 
time the fall growth will have been made 
and the storage of nutrients in the roots 
will have taken place. 

Since the best practice will differ 
considerably in the various sections of 
the country, any person in doubt as to 
the best time to" cut the crop should con- 
sult his agricultural college, experiment 
station, or county agent. 
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455. Alfalfa meal; alfalfa pellets. — 
\ More than one million tons a year of al~ 
* falfa meal are now produced commer- 
cially in this country for use in livestock 
rations, chiefly as a vitamin supplement. 
Except in certain western alfalfa dis- 
tricts where the climate is especially 
favorable for making high-quality field- 
cyred hay, the alfalfa is dehydrated for 
this purpose. 

f Alfalfa meal is commonly used as 

a vitapain supplement in commercial 
? "poultry' mashes, and it is also widely used 
to furnish vitamin A in formula feeds 
? (commercial mixed feeds) for swine, 
dairy calves, and such animals as rab- 
bits. It is likewise a common ingredient 
in formula horse and mule feeds. 

. The use of alfalfa meal and of al- 

falfa hay as a vitamin supplement for the 
' various classes of stock is discussed in 

I Part JII. Information is given concern- 

; ing the nutritive and feeding value of 
dehydrated hay in general in Chapter 
XIV. (416-420) 

Alfalfa meal is the product obtained 
by grinding entire alfalfa hay without the 
addition of any alfalfa stems, alfalfa 
straw, or foreign material, or the removal 
of any of the leafy portion. It should be 
made from leafy hay of good quality, and 
the fiber content should not be higher 
than about 29 to 30 per cent, for the 
average fiber content of alfalfa hay is 
only 28.6 per cent. A higher percentage 
of fiber shows that the meal has been 
made from hay of poorer quality. Ac- 
cording to the definitions of the Associa- 
tion of American Feed Control officials, 
alfalfa meal must not have more than 33 
per cent fiber. 10 

It is often impossible to determine 
without chemical or laboratory analysis 
whether alfalfa meal has been made from 
leafy, early-cut hay or from over-ripe, 
stemmy material. Hence the meal should 
be purchased on guarantee of composi- 
tion. 

Dehydrated alfalfa meal is usually 
fully twice as high in carotene as the 
products made from field-cured hay, and 
it is also somewhat higher in riboflavin. 
However, it has practically no vitamin 
D, while alfalfa meal from field-cured 



hay has considerable. This lack of vita- 
min D in the dehydrated product is not 
of importance in feeding poultry, for the 
reasons pointed out earlier in this chap- 
ter. However, in using the dehydrated 
products as a vitamin supplement for 
swine, it must be borne in mind that they 
do not supply vitamin D, like field-cured 
hay does. 

The carotene content of various lots 
of alfalfa meal, even dehydrated alfalfa, 
unfortunately varies widely. Therefore, 
in the use of these feeds as vitamin A 
supplements in making formula feeds, 
the manufacturer should use products of 
known carotene content. Otherwise, he 
cannot be sure that his feeds will actually 
have the desired vitamin A value. 

The losses of carotene and vitamin 
A in feed during storage and methods of 
greatly reducing the losses have been dis- 
cussed in Chapter VII. (195) 

If one has no legume hay available 
for feeding to his stock, the purchase of 
alfalfa meal as a substitute may be war- 
ranted, but most farmers can grow good 
legume hay much more cheaply than 
they can buy alfalfa meal. It must be 
borne in mind that fine grinding does 
not change a roughage into a concen- 
trate, nor does it increase its digestibility 
for animals with good teeth. Any advan- 
tage from grinding or chopping hay 
probably results from a saving in wast- 
age or in getting animals to eat more 
than they would otherwise consume. The 
effect of grinding or chopping hay for 
the various classes of stock is discussed 
in Chapter IV. 

456. Alfalfa leaf meal. — Alfalfa 
leaf meal, according to the definition of 
the Association of American Feed Con- 
trol Officials, is the ground product con- 
sisting chiefly of alfalfa leaves. It must 
be reasonably free from other crop 
plants, weeds, and mold, and must have 
at least 20 per cent protein and not more 
than 18 per cent fiber. 10 

Some years ago considerable alfalfa 
leaf meal was produced by screening the 
coarser stemmy portion from alfalfa meal 
after it was ground. Now there is but 
little alfalfa leaf meal on the market, and 
apparently the name is sometimes used 
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for the entire ground hay when it is cut 
so early and is of such high quality that 
it is low in fiber. However, some of the 
product sold as alfalfa leaf meal exceeds 
the limit of 18 per cent fiber, as will be 
noted in Appendix Table I. 

457. Alfalfa stem meal.— Alfalfa 
stem meal is the product screened fiom 
oround alfalfa hay when alfalfa leaf meal 
is made in this manner. It is much lower 
in protein and higher in fiber than good 
alfalfa hay, and has a correspondingly 
lower feeding value. When very finely 
ground, it may be difficult to distinguish 
alfalfa stem meal from alfalfa meal, with- 
out laboratory examination. 

458. Alfalfa hay for dairy cattle.— 
Good alfalfa hay is unexcelled as a dry 
roughage for dairy cattle and may be 
taken as the standard with which other 
kinds of hay are compared. If good cows 
have an abundance of well-cured alfalfa 
hay as part o£ a balanced ration, they 
will produce a high yield of milk and will 
need less grain and other concentrates 
than when less palatable and efficient 
roughage is fed. This results in a con- 
siderable saving in the cost of milk pro- 
duction. 

Often dairymen who are feeding an 
abundance of good alfalfa hay to their 
cows use concentrate or grain mixtuies 
which are much higher in protein than 
actually needed. If the protein-rich mix- 
ture costs more than one lower in protein 
content, such a practice is decidedly un- 
economical. It is shown in Chapter XXV 
that for cows of any usual productive 
capacity there is no need to add a pro- 
tein supplement to a ration consisting 
of corn or other grain plus an abundance 
of good alfalfa hay, fed as the only 
roughage. (1017) 

It is wise to add a phosphorus sup- 
plement to a ration consisting of only 
grain and alfalfa hay (with or without 
corn or sorghum silage, but without any 
protein supplement) unless the roughage 
has been grown on soil rich in phos- 
phorus. (1035) 

The great differences in feeding 
value between good and poor hay 
and between early-cut and late-cut hay 
have been emphasized in Chapter XIII 


and in Chapter XIV. (358, 391-392) 

In some sections of the West alfalfa 
hay is so much cheaper than other feeds 
that dairy cows are fed only alfalfa hay 
during the winter and sometimes even 
throughout the year. Such a ration is too 
bulky’ and low in digestible nutrients for 
high production and is also very high in 
protein. Breeding troubles have been at- 
tributed to this ration, but experiments 
have shown that the excess of alfalfa hay 
and of protein is not responsible for such 
troubles. Instead, they are commonly 
due to brucellosis (Bang’s disease). 

Whether or not it will be most eco- 
nomical to feed only alfalfa hay to good 
cows in such districts, will depend on the 
relative price of alfalfa and other feeds 
and also on the price of milk. (1028) 
Adding corn or sorghum silage to the ra- 
tion may sometimes be more profitable 
than adding grain. 

The opinion is sometimes stated that 
alfalfa hay is too laxative for young 
calves. However, New York and Wiscon- 
sin experiments, as well as the experi- 
ence on innumerable farms, show that 
alfalfa hav is very satisfactory for dairy 
calves, right from the start of hay feed- 
ing. 11 

If cows are fed alfalfa hay as the 
only roughage throughout the entire 
year, without" any pasture or other green 
feed, thev may tire of the alfalfa. They 
will then produce decidedly better re- 
sults when fed some other roughage In 
addition, even grass hay of ordinary 
quality. 

Alfalfa hay should be fed after milk- 
ing, instead o'f before milking. This is 
because the flavor of the milk may be 
injured if alfalfa hay is fed less than 
about 4 hours before milking time. When 
cows are fed nothing but alfalfa hay, the 
butter may be undesirably hard. This 
condition can be corrected by adding si- 
lage to the ration. 

459. Alfalfa meal; alfalfa pellets; 
chopped alfalfa hay for dairy cows.— 
Alfalfa hay of good quality is eaten by 
dairy cows with so little waste that it 
does not pay to go to additional expense 
to chop it for them. When field-chopped 
hay is made, it should be chopped as 
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long as possible. (407) It is shown in 
Chapter XXV that finely ground hay or 
alfalfa pellets as the only or the chief 
roughage for dairy cows is decidedly un- 
desirable. (1052) 

When dairy cows receive a ration 
that includes plenty of* legume hay or 
even good mixed hay, there is no special 
advantage in adding alfalfa meal, even 
dehydrated alfalfa, to the concentrate 
mixture. Alfalfa meal, or ground alfalfa 
hay, even when made from hay of first- 
rate quality, is distinctly a roughage and 
not a concentrate. Average alfalfa meal 
contains over twice as much fiber as 
wheat bran and supplies much less total 
digestible nutrients. It cannot therefore 
replace any large part of the concen- 
trates needed for high milk production. 

In experiments where alfalfa meal 
has been compared with bran in good 
rations, the bran has generally had a de- 
cidedly higher value per ton. 12 In Ken- 
tucky trials in which alfalfa meal was 
substituted for 23 to 37 per cent of a 
usual concentrate mixture, the added al- 
falfa meal was worth about two- thirds as 
much per pound as the ordinary concen- 
trate mixture. 13 Similar results were se- 
cured in Wyoming experiments in which 
dehydrated alfalfa pellets or meal re- 
placed 20 per cent of the usual concen- 
trate mixture. 14 

If the total amount of feed eaten by 
cows is increased by adding alfalfa pel- 
lets or alfalfa meal to a good ration, the 
milk production will of course be in- 
creased somewhat. 15 At the usual price 
of alfalfa meal or pellets, it might be ap- 
preciably more economical to feed a cor- 
respondingly greater amount of the or- 
dinary concentrate mixture. 

tn 3 Oklahoma experiments with 
prairie hay as the only roughage, 30 per 
cent of the usual concentrate mixture 
was replaced with alfalfa meal made 
from leafy alfalfa and 10 per cent more 
of this mixture was fed, because of the 
lower digestible nutrient content of al- 
falfa meal. 16 The feeding of the alfalfa 
meal did not increase milk production, 
and each 100 lbs. of alfalfa meal was 
worth about as much as 65 lbs. of con- 
centrates. 


460. Alfalfa hay for beef cattle. — 

Alfalfa hay has no superior for feeding 
beef cattle. Not only is it an excellent 
roughage for fattening cattle, but also its 
value for the breeding herd is perhaps 
even more outstanding. When any rea- 
sonable proportion of the roughage con- 
sists of well- cured alfalfa hay, one can 
be sure that there will be no deficiency 
in quality of protein or in calcium or vi- 
tamins. 

It is shown in Chapter XXVIII that 
if fattening cattle are fed a liberal 
amount of alfalfa hay as the only rough- 
age with corn or other grain, it generally 
does not pay to add a protein-rich con- 
centrate, such as cottonseed or linseed 
meal. However, when the cattle are fed 
com or sorghum silage in addition to 
alfalfa hay, this succulent feed is so pal- 
atable that they will not eat enough al- 
falfa to balance the ration completely. 
To secure the best results, it is then nec- 
essary to add a small amount of a pro- 
tein supplement. 

Alfalfa hay may be used as a pro- 
tein supplement to low-protein rough- 
age, such as corn or sorghum silage, in 
wintering young beef cattle or breeding 
cows. However, it will take about 3 lbs. 
of alfalfa hay to replace I lb. of cotton- 
seed meal or soybean oil meal for this 
purpose, because of the much lower pro- 
tein content of the hay. (See Chapter 
XXIX.) 

The chopping or grinding of alfalfa 
hay for beef cattle and the fattening of 
cattle on alfalfa hay alone, or on alfalfa 
hay and other roughage, are discussed in 
Chapter XXVIII. 

461. Alfalfa hay for sheep. — Alfalfa 
hay is such a good feed for sheep that it 
may be taken as the standard with which 
other roughages are compared. For sheep 
feeding, hay that is leafy and fine 
stemmed should be used, if possible, as 
it is of decidedly higher value than 
coarse, stemmy hay. In New Mexico 
tests, fine leafy alfalfa was worth 39 per 
cent more per ton than coarser-stemmed 
hay for fattening lambs when the hay 
was fed as the only roughage, and 8 to 
27 per cent more when sorghum silage 
was fed in addition. 17 
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Lambs cannot be fattened suffi- 
ciently for the large markets on alfalfa 
hay alone, even of the best quality. If it 
is desired to fatten lambs for marketing 
late in the winter or in the spring, it may 
be desirable to feed them hay alone dur- 
ing the first part of the fattening period 
and later to add grain to the ration. 

There may be a greater tendency 
for the stiff-lamb disease to occur when 
ewes are fed alfalfa hay as the only 
roughage in winter, than when other 
roughages are also fed. 

462. Alfalfa hay for horses and 
mules. — Experience on thousands of 
farms in the western part of the United 
States, where alfalfa hay has been used 
for many years as the only roughage for 
horses and mules, shows that it is eco- 
nomical and entirely satisfactory when 
properly fed. 

Alfalfa hay for horses should be free 
from dust or mold and should not be cut 
until about full bloom, as hay cut earlier 
may be too laxative. Alfalfa is very palat- 
able to horses, and therefore the amount 
must be strictly limited, or they will eat 
too much. Not over 1.0 to 1.1 lbs. daily 
per 100 lbs. of live weight should be fed 
work stock. Although alfalfa hay can be 
fed with entire success as the only rough- 
age, some prefer to use it for but one- 
third to one-half the daily allowance of 
hay, the remainder being hay from the 
grasses. 

Several experiments have shown 
that alfalfa hay is excellent as the only 
roughage for horses or mules at hard 
work. 18 When alfalfa is the roughage, 
less grain is needed to keep them in con- 
dition than with average timothy or other 
grass hay. 

A common ration for idle horses in 
the West is alfalfa hay fed with no grain, 
but often with what straw the animals 
will eat. 

463. Alfalfa hay, alfalfa meal for 
swine. — For swine not on pasture, good- 
quality alfalfa hay and other legume hay 
is of especial value as a vitamin supple- 
ment. The legume hay not only fur- 
nishes vitamin A value and vitamin D 
in addition (if it is field-cured), but it 
also supplies other vitamins which may 


be lacking when swine are confined in 
dry lot, with no green feed. 

Such a ration as yellow corn and 
soybean oil meal, plus minerals, is unsat- 
isfactory for continuous feeding over a 
long time to brood sows or young pigs in 
dry lot, because of deficiencies in vita- 
mins. By including a sufficient amount of 
good alfalfa hay in the ration, these de- 
ficiencies are largely corrected and fairly- 
good results are usually secured.*; ‘ 

Even such a ration as corn and tank- 
age is decidedly improved for young 
pigs not on pasture by the addition of 
alfalfa hay or other legume hay. In 8 ex- 
periments" 62-lb. pigs fed yellow corn 
and tankage in dry lot until they were 
ready for market gained an average of 
1.16* lbs. per head daily. 19 The addition 
of 4 per cent of alfalfa hay to the ration 
increased the gain to 1.26 lbs. and also 
reduced the amount of feed required per 
100 lbs. gain. In these experiments each 
100 lbs. of alfalfa hay saved 112 lbs. corn 
plus 31 lbs. tankage, without giving it 
any credit for the increase in rate of gain. 
This shows how well it pays to provide 
legume hay for pigs fed such a ration as 
com and tankage in dry lot. 

If any other grain than yellow corn 
had been fed in these experiments, the 
addition of alfalfa hay would have been 
even more beneficial, for many of the 
pigs fed grain and tankage, without al- 
falfa hay, would have been injured by 
the deficiency of vitamin A. Also, if the 
pigs had been started on the trials im- 
mediately after weaning, those fed yel- 
low corn and tankage would not have 
made as creditable gains as were made 
by these 62-lb. pigs. The younger the 
pigs are when they are put in dry lot 
without green feed, the greater will be 
the advantage in supplying them with 
good legume hay. 

The use of legume hay or alfalfa 
meal as a vitamin supplement in swine 
feeding is more fully discussed in Chap- 
ter XXXIV. Even such a ration as corn, 
tankage, and alfalfa hay is not quite ideal 
for young pigs in dry lot. Still better re- 
sults will be secured by using one of the 
supplemental mixtures there recom- 
mended. 
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Alfalfa stem meal or poor quality 
alfalfa meal should not be used to pro- 
tect swine in dry lot against vitamin de- 
ficiencies, because of the low vitamin 
content. 

464. Alfalfa hay as the only supple- 
ment to grain for swine. — Alfalfa hay is 
fairly rich in protein, and the protein is 
also of such quality that it helps to cor- 
rect the deficiencies in the proteins of 
the grains. The question therefore arises 
as to whether alfalfa hay is satisfactory 
when used as the only protein supple- 
ment to the grains in swine feeding. A 
ration* consisting only of legume hay and 
grain is satisfactory for wintering preg- 
nant sows a year of age or more, if the 
hay is of excellent quality. For younger 
sows during pregnancy and also for all 
sows when they are suckling their pigs, 
a small amount of a more concentrated 
protein supplement should be added to 
the ration. ' 

Growing and fattening pigs have 
less capacity to consume hay than have 
older swine. Also, their needs for protein 
are relatively large. While the addition of 
alfalfa hay to a full feed of com for pigs 
will produce decidedly better results 
than com alone, the gains are much less 
rapid and also less economical than when 
a more concentrated and more efficient 
protein supplement is fed in addition. 

For example, in 14 experiments 
well-grown pigs, averaging 102 lbs. in 
weight at the start, gained but 1.08 lbs. 
per head daily on a full feed of corn sup- 
plemented by only alfalfa hay. 20 Others 
fed com and tankage, with no alfalfa 
hay, gained 1.51 lbs. a day and required 
considerably less feed per 100 lbs. gain. 
In these trials each 100 lbs. of tankage 
replaced 194 lbs. corn plus 174 lbs. of 
hay, without considering the large in- 
crease in rate of gain. 

Still better results would have been 
secured with these pigs, fed in dry lot, 
if alfalfa hay had been added to the ra- 
tion of corn and tankage. Also, if the pigs 
fed only corn and alfalfa hay had not 
been well-grown when placed on this ra- 
tion the results would not have been 
nearly so good as were secured in these 
tests. 21 Young pigs need very much more 


protein than is provided by a ration con- 
sisting only of corn and excellent alfalfa 
hay. 

Alfalfa hay produces somewhat bet- 
ter results when fed as the only protein 
supplement to other grains that are 
higher than com in protein. However, 
unless efficient protein supplements are 
unusually high in price, it is usually eco- 
nomical to add such a supplement to a 
ration of alfalfa hay and a full feed of 
barley, wheat, oats, kafir, or rye, espe- 
cially for pigs under 100 to 125 lbs. in 
weight. 22 

465. Alfalfa meal, alfalfa hay for 
poultry. — Alfalfa meal is used extensively 
as a vitamin supplement in poultry ra- 
tions. Not only does alfalfa meal sup- 
ply carotene, which furnishes vitamin A, 
but it also helps provide riboflavin and 
other B-complex vitamins, including one 
of the unidentified vitamins. (222) In 
addition, alfalfa supplies vitamin K, 
which in poultry is necessary to prevent 
hemorrhagic trouble. (225) Only 1 to 
2 per cent of good-quality alfalfa meal 
in the ration furnishes sufficient of this 
vitamin. 

Alfalfa meal also supplies xantho- 
phylls, yellow-colored compounds that 
give the yellow color, desired on meat 
markets, to the skin and shanks of poul- 
try. (14) 

Commonly, only 2 to 5 per cent of 
alfalfa is included in formula mashes for 
chicks and hens, as this proportion of 
high-quality alfalfa meal is ample. Re- 
cent investigations have shown that 
sometimes both dehydrated alfalfa and 
sun-cured alfalfa contain a substance 
which depresses the growth of chicks. 23 
However, this depression does not 
occur unless the percentage of alfalfa 
meal in the ration is more than 5 per 
cent. 

Even if the alfalfa meal does not 
contain this growth-depressing factor, 
the net-energy value of a ration for 
chickens is decreased when alfalfa meal 
forms more than about 5 per cent of the 
entire ration. Turkeys can utilize a larger 
proportion of alfalfa meal efficiently, 
good results being obtained with as much 
as 18 per cent in rations for poults up to 
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8 weeks of age, and even more for older 
birds. 24 

Generally, dehydrated alfalfa meal 
is preferable to sun-dried alfalfa meal for 
poultry, because it is usually much 
higher in carotene and other vitamins. 
However, when poultry rations are mixed 
on the farm and high-quality alfalfa hay 
is available, the vitamin A needs of 
chickens can ordinarily be met by includ- 
ing 5 to 10 per cent of the ground hay 
in the ration. 


grass, timothy, or orchard grass. Also, 
trouble from bloat can generally be 
avoided or reduced by following the 
practices mentioned previously. (49) 
Heavy continuous grazing of alfalfa 
is very apt to injure the stand, and there- 
fore rotation grazing is decidedly pref- 
erable. Except possibly where alfalfa 
thrives best, it is wise to provide a suffi- 
cient area of pasture so that considerable 
alfalfa will grow up to be cut for hay 
once or twice during the season. A still 


Alfalfa Is Unexcelled for Swine Pasture 

Alfalfa furnishes pasture over a longer season than most other forages, and it is rich 
in protein, vitamins, and calcium. 



When alfalfa hay of excellent qual- 
ity is available on the farm, it may be fed 
to hens in racks, instead of mixing 
ground hay or alfalfa meal in the mash. 
There is, however, danger that they will 
not eat enough of the hay to meet their 
need for vitamin A. 

466. Alfalfa for pasture. — Alfalfa is 
one of the best pasture crops for swine, 
horses, and poultry. Cattle and sheep are 
also often pastured on alfalfa, but it may 
cause serious trouble from bloat. For pas- 
turing cattle or sheep, it is much safer to 
use a mixture of alfalfa with a consider- 
able proportion of such grasses as brome- 


better plan is to pasture a given field 
during only part of the season, making 
one or more cuttings of hay at the usual 
stage of maturity. Fields should never be 
pastured until the stand has become well 
established, and animals should be kept 
off when the ground is soft, muddy, or 
frozen. To lessen winter injury in the 
North, alfalfa should not be grazed 
closely in the fall. Grazing frosted or 
frozen alfalfa is believed to cause diges- 
tive trouble, which is sometimes serious. 

Alfalfa is excelled only by Ladino 
clover as a pasture crop for swine. Al- 
falfa furnishes pasture over a longer sea- 
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son than most other forages, starting 
early in the spring and remaining green 
and succulent in midsummer when blue- 
grass has dried up and even red clover 
has become hard and woody. The num- 
ber of pigs should be restricted so as to 
avoid too close grazing and consequently 
injury to the stand of alfalfa. Ordinarily, 
an acre of good alfalfa should carry 8 
to 10 pigs weighing 100 lbs. each, with 
little danger to the stand. Under very 
favorable conditions, even heavier graz- 
ing may be practiced. 

The value of alfalfa pasture for pigs 
is shown by the results of 14 experiments 
in which alfalfa has been compared with 
rape pasture, which is the best single 
temporary pasture crop for swine where 
it thrives. 25 Spring pigs full-fed corn and 
a good supplement on the alfalfa pasture 
gained a trifle more rapidly than others 
on rape pasture. Also, 10 lbs. less feed 
was required per 100 lbs. gain on the 
alfalfa pasture. In addition, over a ton of 
hay per acre was cut from the alfalfa 
lots. A further advantage of alfalfa over 
rape is that rape is not a legume, and 
therefore does not add nitrogen to the 
soil. Rape is an annual, and the cost of 
growing it is therefore somewhat higher 
than the cost of alfalfa pasture in sec- 
tions where a seeding of alfalfa will last 
for 3 years or more. 

467. Alfalfa for silage. — Alfalfa and 
mixtures of alfalfa and grass are used 
more frequently in this country than any 
other hay crops for making hay-crop si- 
lage, or so-called "grass silage.” Even a 
pure stand of alfalfa generally makes 
very satisfactory silage when one of the 
special methods is used which have been 
described in Chapter XV. It is there 
pointed out that except in very favorable 
hay-making weather, making alfalfa into 
silage conserves the nutritive value of 
the crop better than in making it into 
hay by ordinary methods. Making part 
of the alfalfa crop into silage is of ad- 
vantage where the weather at haying 
time is apt to be so rainy that it is diffi- 
cult to cure hay satisfactorily. Also, if 
one wishes to produce market milk with 
the maximum yellow color and vitamin 
A value in winter, alfalfa silage or other 


"grass silage” is desirable as part of the 
roughage, because it is higher than al- 
falfa hay or corn silage in carotene. 

The relative values of alfalfa and 
other hay-crop silages in comparison 
with com silage have been discussed 
previously. (436-441) 

468. Alfalfa as a soiling crop. — Al- 
falfa is one of the best soiling crops, ow- 
ing to the large yields and to the fact 
that under proper management it will 
furnish good feed throughout the entire 
summer. Much more forage, even twice 
as much in some cases, is secured from 
a given acreage as a soiling crop, than 
when pastured. The use of soiling crops 
instead of pasture has been discussed in 
Chapter XIII. (386-387) 

469. Alfalfa-grass mixtures. — Ex- 
cept in regions especially well adapted to 
alfalfa, it is generally best to seed alfalfa 
in combination with a grass, unless there 
is a need or demand for pure alfalfa hay. 
Alfalfa will last longer in such a combi- 
nation than in a pure stand, because the 
grass helps prevent winter injury to the 
alfalfa through heaving. The combina- 
tion therefore usually yields more forage 
per acre than alfalfa alone. In addition, 
an alfalfa-grass mixture resists erosion 
and the invasion of weeds better than al- 
falfa alone. Also, such a combination is 
much safer than alfalfa for pasturing cat- 
tle or sheep. There is usually little dan- 
ger from bloat in pasturing a mixture of 
alfalfa and grass, if at least one-third to 
one-half the forage is grass. 

Early-cut mixed alfalfa-and-grass 
hay containing at least one-half alfalfa 
is fully as palatable to cattle as pure al- 
falfa. Also, the feeding value is as high 
for the mixed hay, except that it is, of 
course, lower in protein than pure alfalfa. 
Hence, a somewhat greater amount of 
protein supplement may be needed to 
balance the ration when such mixed hay 
is fed. 

Of course, first-rate alfalfa hay is 
much superior to lower grade alfalfa- 
grass hay. For example, in a recent trial 
by the United States Department of 
Agriculture dairy heifers fed U.S. No. 1 
alfalfa hay as the only feed gained 90 
per cent more than others fed U.S. No. 
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2 alfalfa-timothy hay that had 34 to 37 
per cent fiber. 26 

For swine and poultry, pure alfalfa 
hay is to be preferred, as it is higher in 
vitamin content and alfalfa has its great- 
est value in swine and poultry rations as 
a source of vitamins. Also, for sheep 
mixed hay consisting chiefly of alfalfa is 
better than that made up mostly of grass. 
For horses and mules, the opposite is 
true; a mixture high in grass is rated * 
above one high in alfalfa. 

Where a field is to be in hay or pas- 
ture for 3 years or more, the combina- 
tion of alfalfa and bromegrass has gen- 
erally proven superior to alfalfa and 
timothy or alfalfa and orchard grass in 
the north central and northeastern states. 
In a short rotation, timothy is better than 
bromegrass with alfalfa, because brome 
is established more slowly. Farther south, 
alfalfa and orchard grass make an excel- 
lent mixture. In the Northwest, alfalfa 
and crested wheatgrass may be equal or 
superior to alfalfa and bromegrass. 

Bromegrass is so palatable to stock 
that they are less apt to kill the alfalfa 
in an alfalfa-brome mixture, than when 
grazing a pure stand of alfalfa. Another 
advantage of this mixture is that when 
some of the alfalfa plants die out, the 
bromegrass fills in the vacant spaces. 

Such a pasture combination as al- 
falfa-brome is of especial value for dairy 
cows, since it provides an abundance of 
highly-palatable and nutritious feed in 
midsummer when permanent bluegrass 
pasture is often dried up. In Indiana 
trials, for example, twice as large an area 
of bluegrass pasture was needed to pro- 
vide feed for a given number of cows, as 
was required of alfalfa-brome pasture. 27 
Although 0.3 lb. more concentrates were 
fed per head daily to the cows on blue- 
grass pasture, they produced 10 per cent 
less milk and also did not maintain their 
weights so well. 

III. The Clovers 

470. Medium red clover. — Medium 
red clover ( Trifolium pratense ) , com- 
monly called merely red clover, is gen- 
erally grown in combination with tfino- 
thy in the United States. For this reason 
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the two are combined in the official crop 
reports. Clover and timothy is still the 
most important hay crop in all but a few 
of the northern states from Iowa east- 
ward. For the entire country the acreage 
of clover and timothy nearly equals 
that of alfalfa, but the yield of alfalfa 
per acre is so much higher that a much 
greater tonnage of alfalfa hay is pro- 
duced. r 

Red clover and timothy are. com- 
monly seeded in small grain. The first 
cutting of hay the year following’*seeding 
will have a large proportion of clover, if 
conditions are favorable, and the second 
cutting will be mostly clover. The pro- 
portion of clover will be much less the 
next year, except where clover thrives 
unusually well, and the following year 
the crop will be nearly all timothy. When 
grown alone, red clover is usually treated 
as a biennial. 

The value of clover and other leg- 
umes in increasing the yields of other 
crops through the nitrogen they add to 
the soil is shown in a striking manner by 
extensive experiments at the Ohio, Penn- 
sylvania, and Missouri Stations. 28 In 
these studies short-time rotations which 
included clover have been compared 
with continuous cropping to corn, oats, 
wheat, etc. The increases in the value of 
the grain crops due to the growing of 
clover were worth even more than the 
actual value of the clover harvested. 
Thus, the hay value of the clover crop 
was less than half its total value. 

Red clover does best on well- 
drained soils lich in lime, but it grows 
satisfactorily on fields which are a little 
too acid or not quite well enough drained 
for alfalfa. It stands severe winters bet- 
ter than alfalfa but does not endure 
drouth so well, as the roots do not go so 
deep. On fields that are not uniformly 
well drained, alsike clover is commonly 
seeded with red clover and timothy, for 
alsike will do better on the poorlv- 
drained spots. y 

Red clover generally yields a heavy 
first crop of hay and a much lighter sec- 
ond crop, which is often allowed to ma- 
ture for seed. When seeded in the spring 
with a small grain crop, as is the common 
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practice, clover and timothy will furnish 
some pasturage the same fall, or even a 
hay crop if the season is especially favor- 
able. In the southern states, where red 
clover does not thrive during the heat' of. 
summer, it is sometimes grown as a 
winter annual, the first crop being cut 
in the spring and the second in early 
summer. 

‘In seeding red clover, one should 
be su$e to use a strain that is well 
adapted, to the particular locality. Where 
injury from anthracnose is serious, a re- 


471. Red clover hay; mixed clover 
and timothy hay. — Red clover hay and 
mixed hay containing a large proportion 
of clover is second only to alfalfa hay in 
value for livestock. When cut at the us- 
ual stage of maturity, pure red clover 
hay supplies only about two-thirds as 
much digestible protein as alfalfa hay. 
Therefore, in feeding dairy cows and 
other classes of stock, a somewhat larger 
amount of protein supplements is often 
needed with red clover hay than with al- 
falfa. 



A Fine Field of Red Clover for Hay 

Red clover, generally grown in combination with timothy, is a very important legume for 
hay in most of the northcentral and northeastern states. 


sistant variety should be chosen. Red 
clover from central and southern Europe 
has been found unsuitable for most 
clover-growing sections of the United 
States, Sometimes farmers abandon the 
growing of red clover because of failure 
to secure good stands. In most cases such 
trouble is caused by a lack of lime, phos- 
phate, and possibly potash, or by the use 
of seed that is not adapted to the local- 
ity. 

Occasionally, clover is covered with 
a powdery mildew, and farmers wonder 
whether there will be any danger in us- 
ing it for hay or pasture. Apparently, 
this will not injure stock at all. 


The difference in protein content 
and a slightly greater palatability are the 
chief reasons why alfalfa hay usually sells 
at a higher price than clover hay of equal 
quality. Clover hay supplies a trifle more 
total digestible nutrients than alfalfa and 
slightly surpasses it in net energy. 

Considering both the yield and the 
quality of the hay, red clover should be 
cut for hay not later than full bloom. 29 
A good plan is to start cutting when 
about half the plants are in bloom and 
finish by the full-bloom stage. Such hay 
will be richer in protein and total digest- 
ible nutrients and also more palatable 
than if cut later. Also, if the first crop is 
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cut at this stage, the yield of hay or seed 
in the second crop will be much larger s 
The value of mixed clover-and- a 
timothy hay will depend on the -proper- 
tion of clover present and on the stage - 
of maturity at which it is cut. The moie 
clover there is in the hay, the greater 
will be its value for all classes of stock 

except horses. Late-cut mixed hay is a 

poor roughage for dairy cows or . 

^^Red clover hay, alsike clover hay, ' 

or mixed hay consisting chiefly of these 
legumes is excellent for dairy cattle 
beef cattle, 31 and sheep. 32 Except foi the 
fact that a slightly larger amount of pro- 
tein supplement may be needed to bal- 
ance the ration when clover hay is fed, 
it has proven equal or nearly equal to 
alfalfa hay in feeding experiments with 
these classes of stock. If the rest of the 
ration lacks protein, then clover hay wifl 
he definitely inferior to alfalfa, whicl 
supplies more protein. , 

PP Clover hay which is well cured and 
free from dust or mold is satisfactory for 
Si and mules, while «h.t rf pom 
quality is not suitable for them. Sec 
ond-crop clover hay may cause slobber- 
ing, for some unknown reason. 

S Red or alsike clover hay of good 
quality is a satisfactory substitute for al- 
falfa hay for pigs or for breeding swine. 
In Wisconsin mid Ohio experiments 
chopped red clover hay equalled alfalfa 
hay when used as a vitamin supplement 
for growing and fattening pigs." If use 
as the only supplement to gram for 
swine, clover hay is less efficient than al- 
falfa hay, for it is less palatable, as well 
as being lower in protein and calcium. 

Clover hay is used for poultry much 
less commonly than alfalfa, because it 
usually has less carotene. However, 
early-cut, well-cured clover hay may be 
substituted for alfalfa and used in the 
same manner. 

472 Clover for pasture. — Red clo- 
ver is one of the best pasture crops 
to be grown in rotations, but it does not 
usually persist in permanent pastures. 
For pasturing cattle and sheep, red 
clover is safer than alfalfa, because there 
is less danger from bloat. However, with 


a pure stand of clover, the precautions 
stated in Chapter II should be taken to 
avoid this trouble. With mixed clover- 
and-timothy pasture, which is used tor 
such stock much oftener than pure 
clover, there is little danger from bloat. 

In the northern and central states, 
red clover is one of the best pasture 
crops for swine, being excelled only by 
alfalfa and Ladino clover. In several ex- 
periments pigs gained as rapidly on le 
clover pasture as on alfalfa and required 
onlv a trifle more feed per 100 lbs: gam, 
and in other experiments red clover pas- 
ture was slightly superior to rape for 
swine pasture. 35 There is somewhat more 
advantage in feeding pigs on clover pas- 
ture a protein supplement, in addition to 
com or other grain, than there is m the 
case of alfalfa pasture, for clover is not 
so rich as alfalfa in piotein. 

Red clover should not be grazed too 
closely, or the plants may be killed. Clip- 
ping the pasture at the usual time for the 
first cutting of hay will stimulate new 

S1 ° W Red clover or alsike clover is very 
satisfactory for poultry pasture, being 
excelled only by alfalfa or by Ladino 
clover. 

473. Clover for silage; as a soiling 
crop. — Clover or mixed clover and timo- 
thy is often used for hay-crop silage and 
makes good silage when one of the spe- 
cial methods is used which have been 
described in the previous chapter, ihe 
value of such silage in comparison with 
com silage for the various classes of stock 
has been discussed there. 

These crops are sometimes used as 
soiling crops, being cut and fed green 
. to stock. (386) When red clover is cut 
: early, it may furnish 3 or 4 cuttings of 

> green feed a year. 

s 474. Mammoth clover.— This clo- 

5 ver (Trifolium pratense perenne) is simi- 
lar to red clover, except that is grows 
- ranker, has coarser stems, and blooms l 
s to 2 weeks later. It usually lives 3 years 
t or more and does better than red clover 
:. on poor or sandy soil. As it is coarser, the 
1 hay is not quite equal to red clover, 
e Since mammoth clover yields only one 
h cutting a season, it is frequently pastured 
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for several weeks in early spring and 
then allowed to grow up for hay. 

475. Alsike clover. — Alsike clover 
( Trifolium hybridum) flourishes on land 
too wet or too acid for red clover or al- 
falfa, if the summers are not too hot. It 
is somewhat longer lived than red clover, 
and in an open sward may tend to re- 
seed itself to some extent. Since alsike 
clover yields but one cutting of hay with 
some fall pasturage, it is excelled by red 
clover where the latter thrives. It should 
be seeded with timothy or other grasses 
to support the weak stems. Many farm- 
ers include some alsike in their seedings 
of red clover and timothy, especially on 
the wetter fields. Alsike clover hay is 
fine-stemmed and fully equal to red clo- 
ver in value. This clover was once sup- 
posed to be a hybrid between red clover 
and white clover. 

476.. White clover. — The common 
types of white clover ( Trifolium' repens ) 
are primarily pasture plants, as they are 
too low growing to yield hay. White clo- 
ver thrives best on the heavier soils and 
where the supply of moisture is ample. 
It is a moderately short-lived perennial 
which spreads by means of runners and 
also reseeds itself under favorable con- 
ditions, even when closely grazed. In the 
North white clover is often important in 
mixed pastures, forming a dense mat and 
furnishing feed throughout the growing 
season. In the South it nearly disappears 
in summer but reappears in the fall, fur- 
nishing winter pasturage and thus com- 
bining well with Bermuda grass. When 
one wishes to maintain white clover in a 
pasture, it is essential that the pasture be 
closely grazed. Otherwise, the tall-grow- 
ing grasses will kill out the low-growing 
clover. 

In the southern states Louisiana 
white clover and other strains which are 
taller than ordinary white clover are 
widely used in permanent pasture mix- 
tures. 30 They generally behave as winter 
annuals, usually reseeding themselves. 

The white clover which often ap- 
pears spontaneously in many pastures 
under favorable conditions is usually a 
wild type with smaller leaves than the 
common variety (known as "white 


Dutch clover”). Such wild white clover 
is longer-lived and apparently better 
adapted for seeding in permanent pas- 
ture mixtures. 

477. Ladino clover. — During re- 
cent years, Ladino clover, a large-grow- 
ing variety of white clover introduced 
from Italy, has become a very important 
legume in pasture, hay, and silage mix- 
tures in this country. 

Ladino clover does best on soils well 
supplied with moisture. Like alsike clo- 
ver, it will grow on land too wet or some- 
what too acid for alfalfa or red clo- 
ver, but it thrives better when soil acidity 
is corrected by liming. As it is rather 
shallow rooted, Ladino clover does not 
stand drouth so well as does alfalfa. It 
thrives especially well in the northern 
states, but is also grown in other sections, 
including some of the western irrigated 
districts. 

Ladino clover is easily established 
by seeding in small grain, and the plants 
spread by means of creeping fleshy stems 
which root at the joints. It has no up- 
right stalks, as do the other hay-crop clo- 
vers or alfalfa. The leaf stems grow up 
to a height of 10 to 14 inches or even 
more under favorable conditions. Under 
proper management Ladino clover will 
sometimes last several years in a pasture 
combination, except in some of the ex- 
treme northern areas of the United States 
and in the southernmost states. When 
the plants die out, Ladino frequently re- 
seeds itself, as some seed is generally 
produced in a pasture. In the South, La- f : 

dino behaves as a winter annual. 

Except for poultry pasture and per- 
haps for swine pasture, it should be 
seeded with a grass, usually bromegrass, 
orchard grass, or timothy in the North, 
and Dallis grass, Bermuda grass, or tall 
fescue in the South. The clover endures j 

better in a mixture with grass than when 
seeded alone, as it is less subject to | 

winter injury. Also, a Ladino-grass pas- 
ture mixture that has at least about 40 
per cent of grass is much less apt to 
cause bloat in cattle or sheep than pure 
Ladino pasture. Where alfalfa thrives, it 
is a good plan to include a little alfalfa 
in Ladino-grass mixtures. 
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Ladino pasture is very palatable, 
and it is unusually rich in protein, low in 
fiber, and high in total digestible nu- 
trients. On the dry matter basis, Ladino 
pasture has about 24 per cent protein 
and only 15 per cent fiber. An especial 
advantage of Ladino clover for pasture 
is that it makes more of its growth in 
summer, and especially in midsummer, 
than any other perennial grass or legume, 
except alfalfa. 

Unlike ordinary white clover, La- 


dino pasture ranks ahead of all other pas- 
ture crops, because of its great paya- 
bility to poultry and its high yield. 37 For 
swine, Ladino pasture is equal or su- 
perior to alfalfa. 38 Ladino clover forage 
is higher in water than most other leg- 
ume forage. Perhaps for this reason, 
dairy cows on Ladino pasture relish some 
dry hay in addition. Early in the season, 
Ladino pasture is apt to be very laxative, 
unless cattle are accustomed to it grad- 
ually, or fed hay in addition. 



Ladino Clover and Grass Pasture 

Ladino clover in combination with timothy, orchard grass, or other grasses, provides 
excellent long-season grazing. (From New York State College of Agriculture, Cornell 
University. ) 


dino is killed by continuous close graz- 
ing. It should therefore be grazed in ro- 
tation, with a rest period of 2 to 3 weeks 
for new growth between each grazing, 
or else it should not be grazed too 
heavily. Ladino should not be grazed 
more closely than 2 to 3 inches, and in 
the fall some growth should be left in 
cold climates for winter protection. If 
Ladino clover is pastured when the 
plants and ground are frozen, the stock 
are apt to injure the fleshy creeping 
stems severely, through trampling. 

Ladino-grass pasture is excellent for 
all classes of stock and provides forage 
over a long season. For poultry, pure La- 


For hay or silage it is important to 
cut a Ladino-grass mixture when the La- 
dino is in early bloom. Otherwise, the 
grass, which grows much taller when it 
heads out, is apt to choke out the Ladino. 
It is difficult to mow a pure stand of 
Ladino clover unless the mower is in ex- 
cellent condition, because of the dense 
growth and the softness of the leaf stems. 
Also, pure Ladino clover is hard to cure, 
because the leaves mat together. These 
difficulties are largely avoided by grow- 
ing it in combination with grass. 

Ladino or Ladino-grass hay Is ex- 
cellent for dairy cows, beef cattle, or 
sheep. In a New York experiment pure 
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Ladino hay tended to increase the tend- 
ency for oxidized flavor to develop in 
pasteurized milk on storage, perhaps due 
to a lower content of vitamin E in the 
fat. 39 Ladino pasture did not injure the 
flavor of milk in a Georgia trial. 40 

Early-cut Ladino or Ladino-grass 
hay or dehydrated meal can be used as 
a vitamin supplement for poultry or 
swine in the same manner as alfalfa. 41 

478. Sweet clover. — Sweet clover is 
an important crop, especially for soil im- 
provement and for pasture, in extensive 
areas of the United States. It is grown 
chiefly in the eastern part of the Great 
Plains, in the corn belt, and in certain 
districts of the South. The kinds mostly 
grown are biennial white-flowered sweet 
clover ( Melilotus alba ) and the biennial 
yellow-flowered varieties ( Melilotus offi- 
cinalis). These varieties are usually 
seeded in spring grain, and reach ma- 
turity and die in August of the following 
year. 

Annual varieties, especially Hubam, 
are grown in certain areas, mostly for 
soil improvement. For pasture or hay 
they yield much less than biennial sweet 
clover. 

Sweet clover stands drouth nearly 
as well as does alfalfa and will grow on 
soil too poorly drained or too low in 
fertility for alfalfa or red clover. How- 
ever, it requires an ample supply of lime 
and proper inoculation. In the West it is 
a good crop for alkali or hard adobe 
soils. In the North sweet clover is sub- 
ject to injury from heaving during the 
winter, the same as alfalfa. 

Yellow sweet clover stands drouth 
and other adverse conditions somewhat 
better than biennial white sweet clover, 
and has increased in the Great Plains 
for this reason. It is finer stemmed, 
blooms about two weeks earlier, and 
does not furnish pasture so long the sec- 
ond year. 

479. Sweet clover for pasture. — 
Sweet clover is used chiefly for pasture, 
especially as a supplement to permanent 
pasture. Certain later-maturing varieties 
of biennial white sweet clover are super- 
ior to the common kind for pasture, as 


they provide pasture over a longer pe- 
riod the second year. 

At first stock usually dislike sweet 
clover, on account of the bitter taste, be- 
cause of the coumarin it contains, but 
generally they soon become accustomed 
to it, especially if started on it in the 
spring, when it is less bitter. Often they 
will industriously search out every spot 
of grass and even weeds in the pasture, 
grazing them to the ground before hun- 
ger forces them to the sweet clover. In 
spite of this lack of palatability, stock 
usually do well on sweet clover. Sweet 
clover is less apt than alfalfa to cause 
bloat in cattle or sheep, but the danger 
should be guarded against by taking the 
precautions discussed previously. (49) 

The first season s growth of sweet 
clover may be pastured after it is 8 to 
10 inches high and until frost, but close 
grazing will reduce the yield the fol- 
lowing year. The second season the crop 
will furnish grazing from early spring 
until the plants die in August, or until 
they become too woody. By seeding 
sweet clover in the spring grain each 
year, it is often possible, if the growth 
of the first-year crop is good, to pasture 
the stock on it by the time the second- 
year crop is exhausted. It will some- 
times be necessary to furnish other feed 
for a brief period. In the southern states 
second-year and first-year sweet clover, 
in combination with annual lespedeza, 
will furnish pasture throughout the en- 
tire season. 42 

Some farmers seed sweet clover in 
the spring without a nurse crop, as a 
hay or pasture crop for the first season. 
When thus seeded alone, yields of 1 to 
3 tons of hay per acre are secured under 
good conditions. 

In the spring of the second year, 
grazing should start when the plants are 
6 to 8 inches tall, and enough stock 
should be kept on the field to keep the 
crop grazed down. If necessary, it 
should be clipped high, to keep it from 
blossoming. If it grows up and begins 
to blossom, it becomes woody and un- 
palatable and will also set seed and die. 
As the early growth of sweet clover is 
very laxative, it is a good plan to supply 
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stock on such pasture with hay in addi- 
tion, to prevent scouring. 

Sweet clover pasture is particularly 
useful for dairy cows in July and August 
when bluegrass pasture is apt to be 
parched. To furnish pasture at this sea- 
son, a second-year crop must be closely 
grazed in the period of rapid growth in 
the spring. There has been but little 
trouble from sweet clover producing a 
noticeable flavor in milk, though some- 
times there is a slight change on sweet 


after a time. Experiments show, how- 
ever, that alfalfa, Ladino clover, red 
clover, or rape is superior to sweet clover 
for swine pasture, where these crops 
thrive . 46 

480. Sweet clover hay; sweet-clover 
disease. — As a hay crop, sweet clover is 
inferior to alfalfa or red clover, without 
considering the danger from sweet-clover 
poisoning mentioned later. 47 Where sweet 
clover seeded in spring grain makes suffi- 
cient growth after the grain is harvested. 


Dairy Cows on Sweet Clover Pasture 

If closely grazed during the period of rapid growth in the spring, second-year sweet 
clover will furnish good pasture in midsummer, as it stands hot weather and drouth well. 


clover pasture. In South Dakota trials 
sweet clover pasture was slightly supe- 
rior to alfalfa and decidedly better than 
Sudan grass for dairy cows. 43 However, 
in Wisconsin tests yearling heifers did 
poorly on sweet clover pasture, appar- 
ently because they would not eat enough 
of it. 44 

Sweet clover pasture has given 
good results with beef cattle, sheep, and 
swine. In tests in eastern Washington 
mixed sweet clover and grass pasture 
was equal to alfalfa-grass pasture for 
beef production. 45 Swine take to sweet 
clover a little less readily than do cattle, 
but usually become accustomed to it 


it may be cut for hay the same fall, 
though this will often reduce the yield 
next year. This crop cures much more 
readily than the rank growth of the sec- 
ond season and may make hay nearly 
equal to alfalfa, except for the grain 
stubble present. 

The growth of sweet clover is so 
rank the second year that it is often 
difficult to make it into good hay, es- 
pecially in the humid regions. The fine 
leaves tend to dry out and shatter be- 
fore the juicy stems cure sufficiently. In 
the semi-arid districts the crop is finer 
stemmed, and the weather is usually bet- 
ter for hay making. Even if the sweet 
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clover is cut early and with the mower Jersey, and in the Pacific Coast region. \ 

set to leave a very high stubble, so as to Crimson clover is widely used in these 
save the buds on the lower parts of the regions as a winter green manuring and 
stems, a worth-while second crop is not cover crop. It is also important for pas- 
generally obtained. ture and hay, and is sometimes used for 

Well-cured first-year sweet clover silage or as a soiling crop. In the ex- 
hay usually is about equal to alfalfa hay treme North, where the summers are 
for dairy cattle, beef cattle, and sheep, cool and moist, it can be seeded in the 
It can also be used like alfalfa as a vita- spring. 

min supplement for swine and poultry. Crimson clover thrives both on 

Second-year hay is generally of much . sandy soil and also on clay land, if well 
lower value. There is apt to be more drained. When it is grown as a winter 
waste, because of its steminess, and also annual, the crop can be harvested or 
there is much more danger of it causing plowed under as manure early enough 
sweet-clover disease. so that other crops may be raised the 

Sweet clover hay and also sweet same year, 
clover silage which have undergone For temporary winter pasture in the 

spoilage may cause siveet-clover disease. South, crimson clover is commonly 
In this disease the blood loses its power seeded with winter grain or with rye 
to clot, and the animals may die from grass. If sufficient fall growth is made, 
internal hemorrhages or may bleed to the crop will furnish late fall pasture 
death from minor wounds. The disease and some winter feed, and then provide 
occurs most frequently in young cattle, excellent spring pasture. Crimson clover 
and rarely affects horses and sheep. The is often seeded between the rows of cot- 
disease is caused by a poisonous com- ton, corn, or sorghum at the last cultiva- 
pound, dicoumerol, formed when sweet tion, as a winter cover crop or for pas- 
clover spoils, from the coumarin in the ture. 

plants. 48 Though crimson clover produces 

The disease is apparently produced plenty of seed in a permanent pasture, 
only by moldy or spoiled sweet clover the stand of ordinary crimson clover can- 
hay or silage, although the spoilage is not be maintained without reseeding, 
not always visible. The trouble may be This is because the seeds germinate 
prevented or lessened by feeding sweet readily after the first rain, and the seed- 
clover hay with at least twice as much lings are usually killed by a dry spell 
other roughage, or by alternating it with that follows. 

other roughage in periods of 10 days or To avoid this, reseeding varieties, 

2 weeks, the sweet clover being fed con- especially Dixie, have been developed, 
tinuously for only this length of time. 49 which have a considerable proportion of 

481. Sweet clover as a soiling crop hard seeds. For this reason, the seeds 

or for silage. — Sweet clover is sometimes germinate over a long period in the fall, 
used as a soiling crop, especially for and such crimson clover will reseed it- 
dairy cows, to supplement short pasture, self in a permanent pasture, when grown 
Sweet clover may be made into silage with such grasses as Dallis grass, Ber- 
by using one of the special methods for muda grass, or tall fescue, 
making hay-crop silage. However, the For hay, crimson clover should be 

sweet-clover disease may be caused not cut by the time the flowers at the base 
only by spoiled sweet clover hay, but of the most advanced heads have faded, 
also by spoiled silage. Cut at this stage, crimson clover hay is 

482. Crimson clover.— This annual about equal to red clover hay. Late-cut 
clover ( Trifolium incarnatum) is the hay may injure horses and mules if fed 
most important winter annual legume in as the chief roughage, for the minute 
the southern states. It is grown chiefly barbed hairs on the blossom heads and 
in the southeastern states, along the At- stems are then hard and wiry. These 
lantic seaboard as far north as New hairs may mat together in the digestive 
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tract, plugging the intestine. To avoid 
such trouble with late-cut hay, it should 
be fed with other roughage, or else 
should be wet thoroughly some hours 
before feeding it. 

Crimson clover silage, made with 
molasses or phosphoric acid as a pre- 
servative, was very satisfactory for dairy 
or beef cattle in Tennessee tests. 50 

483. Other clovers. — Alyce clover ( Al - „ 
sicarpus vaginalis ) is an annual legume 
which is used for hay or late summer and 
fall pasture in some sections of the South. It 
requires a well-drained, fertile soil. Alyce 
clover hay equalled annual lespedeza hay in 
Louisiana trials with dairy cows and in a 
Mississippi test with beef cattle. 51 In a Flor- 
ida trial with beef steers it was superior to 
prairie hay but not so good as alfalfa. 52 

In Florida experiments Alyce clover fur- 
nished good pasturage for cows, but for only 
a short time. 53 Pearl millet was more produc- 
tive. 

Berseem , or Egyptian clover ( Trifolium 
alexandrinum ), is an annual clover which is 
adapted to hot climates, growing during the 
winter season when alfalfa is dormant. It is 
of much importance in Egypt as a hay crop, 
as a green soiling crop, and for green manure. 
Berseem is adapted to such sections of the 
United States as the Imperial Valley in Cali- 
fornia. It may be cut several times a season 
and produces heavy yields under favorable 
conditions. 

The bur clovers are low-growing winter 
annuals that furnish good pasturage in mild 
regions. They combine well with Bermuda 
grass, furnishing feed when that grass is dor- 
mant in winter, and reseeding unless grazed 
too closely. In the southern Coastal Plain bur 
clover offers no advantage for pasture over 
Dixie crimson clover. 54 Even on land where 
summer-cultivated crops are grown, bur 
clover often volunteers in the fall, if once 
sown. To be sure of its reseeding, alternate 
strips of the field may be left unplowed to 
ripen seed. 

Two varieties of bur clover are chiefly 
grown, southern or spotted bur clover ( Medi - 
cago arabica) and California or toothed bur 
clover (M. hispida). Both are more closely 
related to alfalfa than to the true clovers. 

Button clover ( Medicago orbicularis ) , 
is closely related to bur clover. In Tennessee 
tests it has given promising results as a re- 
seeding winter annual in permanent pas- 
tures. 55 

The hop clovers ( Trifolium procumbens 


and dubium ) are annual, low-growing clo- 
vers that grow wild in various sections and 
are of importance in permanent pastures in 
some areas of the South and on the northern 
Pacific slope. 56 They furnish good early graz- 
ing, but disappear in summer. 

Persian clover ( Trifolium resupinatum), 
a winter annual clover, is a valuable pasture 
and hay plant of Persia and Egypt and has 
been found useful in our southern states. 57 
Once established with grasses and properly 
fertilized, it reseeds. It is best adapted to 
low-lying, heavy* moist soils. It furnishes 
grazing earlier in the spring than white 
clover but does not last so long. 

Rose clover ( Trifolium hirtum ), an an- 
nual clover, which is shorter than crimson 
clover, reseeds itself and has given good re- 
sults for reseeding range land in California. 58 

Strawberry clover ( Trifolium fragifer - 
um) resembles white clover, but has pink 
flowers. It thrives on soil too alkaline or wet 
for other legumes and is important in certain 
western irrigated districts for pasture. In 
Colorado strawberry clover on a wet seepage 
field provided excellent pasture for dairy cat- 
tle. 59 

Subterranean clover ( Trifolium subter- 
raneum ) is a winter annual which somewhat 
resembles bur clover. It is an important pas- 
ture crop in certain districts of Australia and 
is adapted to some areas in the southern 
states and to the coast region of Oregon and 
Washington. In Australia breeding troubles 
have been caused in sheep grazing subter- 
ranean clover with little grass in the mixture, 
due to estrogenic hormone in the clover. 

IV. Soybeans fob Forage 

484. Importance of soybeans. — 
Soybeans ( Glycine max) have become 
one of our very important crops, espe- 
cially in the heart of the corn belt. In 
recent years 16,000,000 acres or more 
have been grown annually for all pur- 
poses in the United States. This is far 
greater than the acreage of any of our 
other annual legume crops. In the lead- 
ing soybean-growing states — Illinois, In- 
diana, Minnesota, and Missouri — soy- 
beans are raised on 10 to 21 per cent of 
the entire crop acreage. 

Over 88 per cent of the entire acre- 
age of soybeans is raised for seed, chiefly 
for the production of soybean oil anti 
soybean oil meal. About 6 per cent of 
the acreage is grown for hay, and 6 
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per cent for grazing or as a green ma- 
nure crop to be plowed under. The uses 
and value of soybean seed and soybean 
oil meal for stock feeding are discussed 
in Chapter XXII. 

Soybeans thrive in practically all 
districts where corn can be grown. They 
are drouth resistant, are adapted to a 
wide range of soils, and will do well on 
soil too sour for alfalfa. Soybeans stand 
considerable frost, and early varieties 
can be grown in the northern part of 
the corn belt. In the southern states on 


for alfalfa or clover when these crops 
winterkill. It is generally the best crop 
for this purpose in sections where soy- 
beans thrive and where the fall weather 
is suitable for haymaking. 

The portion of well-cured soybean 
hay that is eaten by stock is about equal 
to alfalfa or clover hay in feeding value. 
However, there is often a wastage of 
10 to 20 per cent in feeding soybean hay, 
because of the coarseness of the stems. 
Taking this into consideration, soybean 
hay of the usual quality is generally 



Soybean Hay Is a Good Substitute fob Alfalfa or Clover 

Soybeans are especially useful as an emergency hay crop for dairy cows when alfalfa 
or clover winterkills. They are also grown regularly for hay by many dairymen. 


very poor land or on very heavy clays, 
they are excelled by cowpeas. 

485. Soybeans for hay. — Soybeans 
are often used for hay in the corn belt 
and other soybean-growing districts. 
Somewhat over a million acres a year 
are grown for hay in the United States, 
with an annual yield of 1.0 to 1,2 tons 
per acre. Under favorable conditions, 
soybeans yield up to 2 tons or more per 
acre of palatable hay which is as rich 
as alfalfa in protein and is an excellent 
substitute for alfalfa or clover. 

Some farmers include soybeans for 
hay in their regular crop rotations. Others 
grow soybeans for hay as a substitute 


worth only 80 to 90 per cent as much as 
good alfalfa hay. 

Later-maturing varieties of soybeans 
are often grown for hay than are used 
for soybean production. However, in 
some experiments the common varieties 
grown for soybeans have equalled the 
later-maturing hay varieties in yield and 
quality of hay produced. 60 For hay, soy- 
beans should be seeded rather thickly, 
so the stems will not be too coarse. 

If the weather is suitable, the crop 
will make good hay at any stage from 
the time the pods are formed until the 
beans are almost fully developed and 
the lower leaves are yellowing, but be- 
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fore they drop off. In most tests the 
largest yields of nutrients have been se- 
cured when the crop has not been cut 
before the seeds were well formed. Also, 
such late-cut soybean hay, if well-cured, 
has been equal or superior in value for 
dairy cattle and beef cattle to earlier-cut 
hay. 61 

This high value for the late-cut hay, 
which is coarser and less leafy, is due to 
the fact that a considerable proportion - 
of such hay consists of soybean seed, 
rich in protein and fat. Appendix Table 
I shows that the late-cut hay is richer 
in protein and total digestible nutrients 
than hay cut when the seeds are first 
forming. The condition is thus entirely 
different than in the case of most kinds 
of hay, such as alfalfa, clover, or timothy, 
for generally early-cut hay is richei in 
protein and more nutritious than late- 
cut hay. 

In deciding when to cut the crop 
for hay, one must, however, consider 
the weather fully as much as the com- 
position of the plants. In many sections, 
especially in the northernmost states, 
soybeans should be cut before the seeds 
are well developed in the pods, as the 
weather late in the fall is apt to be poor 
for haymaking. Also, when the soybean 
seeds are nearly full size, but still green, 
thev dry out very slowly in the pods, and 
are apt to mold when the hay is stored. 

Soybeans are more readily cured 
than cowpeas, but it may take twice as 
long to cure them well as it does to make 
alfalfa hay. The best hay is made by 
curing soybeans in cocks, but if labor is 
limited, good hay can be made under 
favorable conditions by the use of the 
side-delivery rake. Even though soybean 
hay may be discolored by rains, the hay 
will usually be palatable to stock. If the 
soybeans do not contain too much grass 
or weeds, the crop can be cut with a 
and cured in the shock like small 

grain. , 

Combinations of soybeans with Su- 
dan grass, sorghum, or millet are often 
grown, especially for hay. The combina- 
tion of soybeans and Sudan grass has 
proved one of the best late-summer 
emergency hay and forage crops in the 


central corn belt. The mixture usually 
yields more forage than soybeans alone, 
and it is easier to cure into hay. Such 
hay has a considerably higher feeding 
value than hay from Sudan grass alone. 
In the South a mixture of cowpeas and 
soybeans cures more easily than cow- 
peas alone. 

486. Soybean hay for dairy cattle. — 
Numerous experiments have shown that 
soybean hay is excellent for dairy cattle, 
but that it is not generally equal to al- 
falfa, because of the greater wastage. 62 
If soybean hay is chopped, cows will eat 
practically all of it, and such preparation 
increased its value 19 per cent in Wis- 
consin trials. 63 However, it must be re- 
membered that the stems are high in 
fiber and low in digestible nutrients. 
Probably it would generally be more 
economical to feed a larger amount of 
the hay and let the cows leave the stems. 

Feeding good soybean hay in place 
of timothy or mixed hay of ordinary 
quality- makes possible a great saving in 
the amount of protein supplements 
needed to balance a dairy ration, and 
also a saving in the total amount of grain 
or other concentrates required for high 
production. For example, in trials at the 
Minnesota Station feeding soybean hay 
in place of timothy made possible a sav- 
ing of 46 per cent in the amount of con- 
centrates fed and nearly eliminated any 
expenditure for purchased protein sup- 
plements. 64 

When soybean hay containing a 
considerable proportion of soybean seed 
is fed, along with a concentrate mixture 
containing ground soybeans, the ration 
may be too laxative 'or the cows may 
tire of the excessive amount of soybeans. 
This may be avoided by feeding some 
other roughage in place of part of the 
soybean hay. 

487. Soybean hay for other stock. 
—Soybean hay is a first-rate substitute 
for alfalfa or clover hay in feeding beef 
cattle. There has been a considerable 
range in the results of tests which have 
been conducted to compare these kinds 
of hay, probably because soybean hay 
differs rather widely in value. 05 While 
the very best quality of soybean hay may 
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equal alfalfa or clover hay in value, 
probably average soybean hay is not 
worth more than about 80 to 90 per 
cent as much as average alfalfa or red 
clover hay, because of the greater wast- 
age in feeding it. 

Sometimes soybean hay which con- 
tains a considerable proportion of beans 
is unduly laxative for fattening cattle, if 
they are fed too large amounts. There- 
fore, the allowance had best be restricted ’ 
to what thev will clean up reasonably 
well. 

For sheep soybean hay apparently 
has some decided limitations for use as 
the only roughage. It has been satisfac- 
tory’ when thus fed to fattening lambs. 
However, when pregnant or nursing 
ewes have been fed soybean hay as the 
only roughage throughout the winter, the 
results have occasionally been poor in 
North Carolina studies. 66 In these in- 
stances stiffness of the hind legs, in- 
flamed udders, and difficult lambing oc- 
curred in the ewes, and stiffness and 
spasms in the lambs. Similar trouble has 
been reported elsewhere. 07 It would 
therefore seem wise to use soybean hay 
for ewes only in combination with other 
roughages, such as com silage. 

For fattening lambs soybean hay of 
good quality, fed as the only roughage, 
has been worth 83 per cent as much as 
alfalfa or red clover hay in 8 experi- 
ments. 0S 

Soybean hay is a good feed for 
horses and mules when it is well cured. 
In Mississippi experiments soybean hay 
was worth 9 per cent more than John- 
son grass hay as the roughage for mules 
at farm work. 69 

For swine soybean hay can be used 
as a vitamin supplement in the same 
manner as alfalfa hay, if it is leafy and 
of first-rate quality. Chopped soybean 
hay was a satisfactory substitute for 
alfalfa hay in the trio or Wisconsin sup- 
plemental mixture for growing and fat- 
tening pigs, and soybean hay has also 
been used satisfactorily for brood sows. 70 

Similarly, for poultry chopped or 
ground soybean hay can be used as a 
substitute for alfalfa meal. In Ohio tests 
with laying hens there was practically 


no difference in the effectiveness of these 
feeds. 71 Soybean hay for poultry feeding 
should be early cut and of good quality. 

488. Soybeans and soybean combi- 
nations for silage. — Good silage can be 
made from green soybean forage by us- 
ing one of the special methods that have 
been explained in the previous chapter. 
Making soybeans into silage instead of 
hay is advantageous where the weather 
at the time in the fall for harvesting the 
crop is usually too rainy to make good 
hay. 

A mixture of green soybeans with 
corn or sorghum forage makes first class 
silage without the addition of any pre- 
servative. The corn and the soybeans 
may be grown separately and mixed at 
the time of ensiling at the rate of 1 ton 
of soybeans with 2 to 4 tons of com 
forage, or the corn and soybeans may be 
grown together. 

In some of the experiments in which 
the mixture of corn and soybeans for 
silage has been compared with com 
alone, the combination has produced a 
larger yield, while in other tests the re- 
verse has been true. The combination si- 
lage will be richer in protein, but it is 
apt to be a little lower in total digestible 
nutrients and net energy than well-eared 
corn silage. This is because the amount 
of soybean seed produced will usually 
not quite make up for the reduction in 
amount of corn grain resulting from 
growing the combination crop. If the 
conditions are ideal for corn, the soy- 
beans will be shaded so much that they 
may not form any important part of the 
crop. Farmers often greatly over-estimate 
the weight of soybeans in the forage. 

In some of the experiments in which 
corn-and-soybean silage has been com- 
pared with com silage for dairy cows 72 
or fattening cattle, 73 the two kinds of 
silage have been about equal in value 
and in other tests the combination silage 
has been worth slightly more per ton. 
Apparently, in some cases the higher 
protein content of the corn-and-soybean 
silage is counterbalanced by the higher 
grain content of the corn silage. 

When one considers the greater 
amount of protein in the mixed silage 
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and also the effects of soybeans on soil 
fertility (if they are properly inocu- 
lated), it seems to be a wise practice to 
grow soybeans with silage corn, if the 
yield of forage is not reduced. 

Soybeans are also sometimes grown 
with sorghum for silage. In Mississippi 
tests the value per ton of sorghum-and- 
soybean silage for beef cattle was not 
enough higher than that of sorghum si- 
lage, to offset the reduction in yield. 74 

Soybeans are not usually grown 
alone for silage, because the yield is 
much lower than of corn or sorghum. In 
Kentucky trials soybean-molasses silage 
supplied considerably less digestible nu- 
trients than an equal amount of dry 
matter in corn or alfalfa-molasses si- 
lage. 75 The soybean silage was less valu- 
able than corn or alfalfa silage for winter- 
ing ewes. In Florida tests soybean silage 
was less palatable to daily cows than 
corn silage, and about 20 per cent was 
left uneaten. 70 

489. Soybeans as a soiling crop and 
for pasture. — Soybeans provide a satisfac- 
tory soiling crop for fall feeding, though 
the green forage is usually less palatable 
to dairy cows than green corn fodder, 
green alfalfa, or green clover. 

Soybeans are a palatable pasture 
crop for cattle, sheep, and swine. How- 
ever, they provide forage for only a 
rather short season, unless care is taken 
to remove the stock as soon as most of 
the leaves are eaten off. If this is done, 
usually new growth will be made, and 
the crop can be grazed again in about 
a month. For pasture, soybeans had best 
be grown in rows to reduce the loss from 
trampling the plants. Pasturing should 
not begin until the plants are well grown. 

For swine pasture in the northern 
states rape, alfalfa, or clover is prefer- 
able to soybeans, for these crops pro- 
vide good feed throughout a much 
longer season and produce more pork 
per acre. 77 On the other hand, in some 
sections of the South soybeans produce 
larger yields of good forage than any 
other summer pasture crop suited for 
swine. 78 In using soybeans for fattening 
pigs, however, care must be taken to 
avoid the production of soft pork. This 


difficulty may be largely prevented by 
using a late variety of soybeans that will 
not mature seed until after spring pigs 
are ready for market. 

Well-grown pigs make ‘ satisfactory 
gains when they hog down a field of soy- 
beans after the beans have developed, 
if they receive a limited amount of corn 
or other grain in addition. 79 Unfortu- 
nately, however, this method of feeding 
produces soft pork, as is pointed out in.. 
Chapter XXXIV. The growing of soy- ' 
beans in a cornfield that is to be hogged 
down is discussed elsewhere. (704) 

V. Other Legumes for Forage 

490. Annual lespedeza. — Annual 
lespedeza has become the most widely 
grown legume in the South, both for pas- 
ture and for hay. Early varieties of les- 
pedeza are grown as far north as central 
and northern Illinois and Indiana, but 
lespedeza has its chief importance in the 
southern states. Lespedeza is used chiefly 
for pasture, but 4,000,000 to 6,000,000 
acres are usually harvested for hay in 
this country, with an average yield of 
about 1 ton per acre. On good soils 
yields of 2 tons or more may be secured. 

Annual lespedeza is especially use- 
ful because it is very tolerant to soil 
acidity, it is drouth resistant, and it will 
grow on soils too poor for alfalfa or 
clover. However, liming and fertilizing 
poor acid soils greatly increases the 
yield. Another great advantage of an- 
nual lespedeza is that it reseeds itself 
in pastures unless pastured too closely. 
Thus the stand may be maintained year 
after year without reseeding. It is there- 
fore exceedingly valuable in permanent 
pastures, as it adds nitrogen to the soil, 
helps prevent erosion, and furnishes pas- 
turage well liked by stock. Lespedeza is 
best maintained in a permanent pasture 
when grown with a non-sod-forming 
grass, such as timothy, orchard grass, or 
tall fescue. Lespedeza rarely causes trou- 
ble from bloat. Occasionally, horses slob- 
ber on lespedeza pasture. 

Korean lespedeza ( Lespedeza stip - 
ulacea) is earlier and larger in growth 
than common lespedeza ( Lespedeza stri- 
ata), which is the older type in the 
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South. Kobe and Tennessee 76 are taller value. It is of interest that while the 
varieties that have been developed from stems of most plants contain much more 
common lespedeza. The forage from all lignin than do the leaves, lespedeza 
these annual lespedezas has about the leaves have more of this low-value in- 
same composition and feeding value. gredient and also more tannin than do 
In Missouri a double-cropping sys- the stems. 82 
tern has been developed in which Korean Lespedeza hay cut when in bloom 

lespedeza follows winter wheat, winter is excellent for all classes of stock, and 
barley, or oats each year. 80 The small hay of the best quality may equal or 
grain is grazed or harvested for grain , approach good alfalfa hay in feeding 
and the lespedeza then comes on and value, but is lower in protein, supplying 
furnishes good pastures or a hay crop. about as much protein as red clover hay. 



Beef Cattle on Annual Lespedeza Pasture 


The lespedeza volunteered in a crop of oats, and after the oats had been harvested the 
lespedeza furnished excellent pasture for the rest of the season. (From Etheridge, Missouri 
Station. ) 

Lespedeza is fine stemmed and However, the relative value of lespedeza 

lower in water content than alfalfa, and hay, in comparison with alfalfa, has var- 

it therefore is readily cured into hay. It ied considerably in experiments. 83 In 

makes much better hay if cut in early some trials it has been fully equal to 

to full bloom than when cut later. Ex- alfalfa, but in most tests the value has 

periments have shown that the digesti- been slightly lower, and in some in- 

bility of lespedeza hay decreases greatly stances lespedeza hay has been worth 

after bloom, especially when the crop only about 80 per cent as much as al- 

reaches the late seed stage. 81 Late-cut falfa. These differences were probably 

lespedeza hay may be even higher in due to the stage of maturity at which the 

total protein than early-cut hay, because lespedeza was cut or to the percentage 

of the considerable amount of protein- of small grain stubble or other foreign 

rich seed in the hay. However, it is di- material. 

gested so poorly that it is much lower Good-quality lespedeza hay is very 

in digestible nutrients and in feeding satisfactory for dairy cattle, beef cattle, 
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sheep, horses, and mules. It can also be 
used in place of alfalfa hay as a vitamin 
supplement in feeding swine and poul- 
try. In South Carolina tests ground les- 
pedeza hay was even higher than alfalfa 
leaf meal in carotene, and in Tennessee 
trials, 5 per cent of lespedeza leaf meal 
was as satisfactory as alfalfa meal in ra- 
tions for chicks. 84 

Moldy lespedeza hay may cause a 
hemorrhagic disease in cattle, similar to 
the sweet-clover disease. 85 (480) 

Lespedeza pasture is excellent for 
dairy cattle, beef cattle, horses, and 
mules. It does not start growth early in 
the spring and is killed by hard frosts, 
and it thus does not furnish pasture over 
as long a season as does alfalfa or Ladino 
clover. It is therefore best used in com- 
bination with grass or winter grains, 
which furnish pasture earlier in the 
spring and also later in the fall. 

491. Sericea lespedeza. — In addition to 
the annual lespedezas, a perennial lespedeza, 
called sericea lespedeza ( Lespedeza cuneata ) 
is grown in the southern states for hay, for 
pasture, and for soil improvement. This per- 
ennial lespedeza grows much taller and 
coarser than the annual varieties, and out- 
yields all other hay crops on poor land. 

Unfortunately, ordinary sericea lespe- 
deza is so high in tannin, especially in later 
stages of growth, that it is unpalatable to 
stock. If it is cut for hay when not over 10 
to 15 inches high, stock will usually eat the 
hay reasonably well, though there will be 
some wastage. When cut at this stage of 
growth, 2 or 3 cuttings of hay can be ob- 
tained a year. In cutting the crop, the stub- 
ble should be left 2 to 3 inches high, as the 
new growth comes from the lower part of 
the stems, and not from the crowns, as with 
alfalfa or red clover. 

Fortunately, a low-tannin variety of 
sericea lespedeza has recently been devel- 
oped, which is much more palatable to 
stock. 86 

The value of ordinary sericea lespedeza 
hay has varied widely in feeding experi- 
ments. 87 In most tests it has been decidedly 
inferior to annual lespedeza hay or alfalfa 
hay for dairy cows, beef cattle, or sheep. In 
a recent Alabama experiment 6-month old 
dairy calves would eat only half as much 
sericea hay (cut when 15 inches high and 
well cured) as they did of early-cut alfalfa 
hay. 88 They lost weight on the sericea hay 


and gained well on the alfalfa. Not only was 
the sericea hay unpalatable, but also only 
45 per cent of the dry matter was digested. 

When sericea lespedeza is pastured, 
grazing should begin in the spring when the 
plants are only 8 to 10 inches high or even 
less, and enough stock should be pastured in 
the field to keep the plants from growing up 
tall and unpalatable. 89 Even then, cattle have 
sometimes done very poorly on the pasture. 

Sericea lespedeza silage has also been 
less palatable than alfalfa silage or corn si- 
lage, and usually worth less per ton. 90 

492. Cowpeas for forage. — The 
cowpea ( Vigna sinensis ) is a hot-weather 
annual legume which may be grown 
from the central part of the corn- belt 
southward. This viny legume, which 
thrives fairly well on all types of soil, 
is one of the most important legumes in 
the cotton belt. Here cowpeas do better 
than soybeans on the poorer soils, but on 
the better soils, or even on poor soils 
when well fertilized, soybeans are usu- 
ally more productive. 

Cowpeas are grown chiefly for for- 
age and for green manure. They also 
furnish seed for humans and animals, 
though the seed is usually too high 
priced for stock feeding. The use of the 
seed for feeding is discussed later. ( 848 ) 

The common varieties of cowpeas 
do not mature in a definite time, but 
continue to put forth new growth and 
bear pods over a long period. The crop 
is usually cut for hay when the first 
pods ripen, but harvesting may be de- 
layed considerably without loss, unless 
the leaves start to shed. Though the 
average yield of cowpea hay in this 
country is only 0.8 ton per 'acre, the 
crop will give a yield of I ton or more on 
fertile soil. In the South cowpea hay is 
frequently called “peavine hay.” 

Because cowpea hay is rather diffi- 
cult to cure, it is generally cured in high 
and narrow cocks, after it has dried out 
sufficiently in the windrow. Sometimes 
the hay is cocked about frames or pyra- 
mids of poles to permit better air circu- 
lation. For hay, cowpeas are often grown 
with Sudan grass or sorghum to support 
the vines and to permit easier curing. 

Cowpea hay is richer than alfalfa 
hay in protein and as high in total di- 
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gestible nutrients. When of good qual- 
ity, it is equal or nearly equal to alfalfa 
or clover hay for dairy cattle, 91 beef 
cattle, 92 sheep, 93 or horses and mules. 94 
Well-cured chopped or ground cowpea 
hay can also be used as a vitamin sup- 
plement in feeding swine. 95 

The value of cowpea hay as a source 
of protein to balance rations is well 
shown by 3 New Mexico experiments. 96 
Steers fattened on a ration of cowpea 
hay, ground milo grain, and sweet sor- 
ghum silage gained as rapidly as others 
fed cottonseed meal in place of the cow- 
pea hay and sold for just as high an 
average price. On the average the home- 
grown cowpea hay was worth 59 per 
cent* as much per ton as cottonseed meal 
in balancing the ration. 

Cowpeas are extensively grown with 
corn or sorghum, and the crop grazed 
by cattle, sheep, or pigs. Sometimes more 
or less of the corn ears or cowpea seed 
is picked by hand before the stock is 
turned in. Cowpeas, grown with corn 
or sorghum, make good silage. 

493. Bean forage. — Field or navy beans 
( Phaseolus vulgaris) are grown for human 
food instead of for feeding livestock, but the 
cull beans, discolored or otherwise unsuited 
for human consumption, are fed to livestock, 
and also the bean straw, commonly called 
“bean pods.” The use of cull beans and bean 
straw is discussed on other pages. (844, 513) 

Mung beans ( Phaseolus aureus) have 
proven to be a good annual hay crop for cer- 
tain sections of the southern plains. Mung 
beans resemble cowpeas in growth, but are 
coarser and less viny. They produce fair 
yields on poor soils where alfalfa will not 
thrive and are generally not injured by dis- 
ease or insects. The green variety is finer 
stemmed than golden mung beans and yields 
considerably less forage, but more seed. The 
use of the seed for feeding is discussed later. 
(844) 

Mung beans should be cut for hay when 
the pods are well developed, but when only 
a few have turned brown. Curing had best 
be finished in cocks, as the forage cures 
slowly. In Oklahoma tests mung-bean hay 
was very satisfactory for dairy cows, but on 
account of the stemmy nature there was 
more wastage than of alfalfa hay. 97 Golden 
mung-bean hay, as fed, was worth nearly as 
much as alfalfa hay per ton, while green 
mung-bean hay was of slightly lower value. 


In an Arkansas trial chopped mung-bean hay 
equalled alfalfa hay for dairy heifers. 98 

In the Oklahoma tests mung beans made 
satisfactory silage without any preservative, 
and the silage did not have a strong odor. It 
required 285 lbs. of mung-bean silage to 
equal 100 lbs. of alfalfa hay in value. 

In certain sections of the Southwest, 
tepary beans (Phaseolus acutifolius) are a 
better hay crop than soybeans or cowpeas, as 
they are more resistant to drouth and heat. 
Tepary-bean hay equalled alfalfa or cowpea 
hay for dairy cows and heifers in Oklahoma 
tests. 99 

Sometimes silage is made from green 
lima bean vines or snap bean vines , after the 
green beans are removed. The palatability 
and value of such silage apparently differs 
widely, depending on how green the leaves 
were and on how the silage is made. Lima 
bean silage of good quality was satisfactory 
for dairy cows in Delaware experiments, 
though less palatable and somewhat less val- 
uable than corn silage. 100 

Dehydrated bean vine meal , made from 
green snap bean vines after the beans were 
picked, compared favorably with alfalfa meal 
as a vitamin supplement for chicks in a Flor- 
ida test. 101 Meal made from vines after the 
leaves had matured was decidedly inferior. 

494. Birdsfoot trefoil; big trefoil. — Birds - 
foot trefoil has recently become important in 
some of the northern states as a promising 
perennial pasture and hay legume. When 
once well established, it will endure many 
years in pasture or hay mixtures, for it is very 
winter hardy. It will grow on land too poor 
or too sour for alfalfa. Also, it is suited to a 
wide range of soils, it is more drouth toler- 
ant than white or red clover, and it will 
stand a moderate amount of alkali. Birdsfoot 
trefoil has not been known to cause bloat. 
In composition and feeding value, the hay 
compares favorably with alfalfa, and the 
pasture with white clover. 102 Two cuttings 
of hay can be made a year. Where alfalfa, 
red clover, or Ladino clover thrive, they out- 
yield birdsfoot trefoil. 

Broad-leaved birdsfoot trefoil ( Lotus 
corniculatus ) , the kind most commonly 
grown, is best adapted to dryer and less fer- 
tile soils. It is deep rooted and stands drouth 
very well. The narrow-leaved birdsfoot tre- 
foil ( Lotus tenuis) is adapted to moist and 
fertile soils and is less drouth resistant. In 
most areas it is inferior to the broad-leaved 
kinds. 

Unfortunately, birdsfoot trefoil becomes 
established slowly, and the yield is low the 
year after seeding. Also, it is sometimes diffi- 
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cult to secure a satisfactory stand. There are 
two types of broad-leaved birdsfoot trefoil, 
the Empire variety selected by the New York 
(Cornell) Station from plants that had per- 
sisted for many years on hill land in eastern 
New York, and the European strains. The 
latter are more erect in growth, have greater 
seedling vigor, and recover more quickly 
after cutting. However, they apparently do 
not persist so long in pastures. Viking, Gran- 
ger, and Cascade are varieties of this type. 

In many of the northern states from 
New England to the Midwest, birdsfoot tre- 
foil has given excellent results, being con- 
sidered the most promising legume for per- 
manent pastures or hay fields. 103 In other 
states the results have not been favorable. 104 
Since birdsfoot trefoil is slow to become es- 
tablished, it should not be used in short 
crop rotations. 

For hay, birdsfoot trefoil should be 
seeded with a strong-stemmed grass, such as 
timothy, orchard grass, or brome grass, to 
support the weak stems and prevent lodging. 
For pasture, it should be seeded with one of 
these grasses or with Kentucky bluegrass. 

Big trefoil , or marsh trefoil ( Lotus uligi - 
nosus), which is grown but little in this 
country and which is not winter hardy, grows 
on wet land, even on marsh land. 105 

495. Crotalaria. — Crotalaria, an annual 
legume, is grown in the southern states, espe- 
cially in Florida, for green manure. The kind 
grown most commonly for this purpose is 
Crotalaria spectabilis. This and some other 
species are poisonous to livestock, the seed 
being especially toxic. 106 Many animals have 
been killed by grazing these crotalarias. 

Crotalaria intermedia and certain other 
species, on the other hand, are entirely harm- 
less. Crotalaria intermedia produces a high 
yield of forage, but the pasture is not very 
palatable and cattle have to learn to eat it. 107 
The plants produce a considerable propor- 
tion of hard seed, and it volunteers in pas- 
tures. The crop makes satisfactory silage, but 
the hay is apt to be stemmy and unpalatable. 

496. Desmodium; Kaimi clover. — Beg- 
garweed , or tall tick clover ( Desmodium tor - 
tuosimi), is an annual legume which has 
rather woody stalks 3 to 10 feet high bearing 
abundant leafage. This and other desmo- 
diums are used for green forage and hay pro- 
duction in subtropical regions. 10s Beggar- 
weed does well on sandy land. It should be 
cut for hay at the beginning of bloom, be- 
fore it becomes too coarse and woody or the 
lower leaves drop off. Such hay is relished 
by stock, but the greatest value of the crop 
is for grazing. 


In tests in Guatemala meal made from 
another desmodium ( Desmodium intortum) 
was a satisfactory substitute for alfalfa meal 
in chick rations. 109 

In Hawaii Kaimi clover ( Desmodium 
canum ) is becoming the most important 
grazing legume in humid lowland pas- 
tures. 110 

497. Flat pea. — The flat pea ( Lathyrus 
sxjlvestris) is a perennial legume that shows 
promise of meeting the need for a pasture 
plant which will produce a satisfactory yield 
on logged-off land in the northern Pacific 
Coast states, and which will compete with 
bracken fern and underbrush and not dry 
up in midsummer on hilly land. 111 The for- 
age is exceedingly rich in protein, having 20 
per cent or more of digestible protein on the 
dry basis, and also is high in total digestible 
nutrients. Unfortunately, the seed is poison- 
ous to stock when they consume too large 
amounts. There may therefore be some dan- 
ger in pasturing flat peas when much seed 
has formed. 

498. Guar. — Guar ^ Cym&opsis tetrago - 
noloba) is a coarse, liprighminnua! legume 
grown in India for seed for liman consump- 
tion and for forage. In Texas tests stock, ex- 
cept sheep, refused to graze guar, because 
of the very hairy, nettling leaves. 112 If the 
forage was cut and wilted, it was eaten 
readily. 

499. Indigo. — Hairy indigo ( Indigofera 
hirsute) is a coarse-growing annual summer 
legume sometimes used for pasture or hay 
in Florida and the southern Coastal Plain. 
It reseeds itself in pastures unless grazed too 
closely. Hairy indigo grows fairly well on 
rather poor sandy land and has a low lime 
requirement. Sensitive to cold, it is killed by 
the first frost. 

Good results have been secured at the 
Florida Range Cattle Station when hairy 
indigo-grass pasture has been used in com- 
bination with other pasture. 113 When grazed 
continuously on hairy indigo alone, it pro- 
duced lameness in some animals, appar- 
ently due to some toxic effect. It should 
therefore be seeded in combination with 
grass. 

Creeping indigo (Indigofera endeca - 
phylla) is a promising annual legume to be 
used in combination with grasses in high 
rainfall areas of the Hawaiian Islands. 114 
Unfortunately, if it forms over half of the 
forage it has a toxic effect on cattle and 
sheep. Creeping indigo meal produced satis- 
factory results when it formed not more than 
2.5 per cent of a ration for growing chickens, 
but 5 per cent depressed growth. 
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500. Koa haole. — Koa haole ( Leucaena 
glauca), a shrubby perennial legume, is 
grown extensively on drier range land in Ha- 
waii. 115 If it forms too large a part of the 
feed for horses, swine, chickens, or rabbits, 
it may cause illness. However, dairy cows 
have been fed koa haole soilage as the only 
roughage for more than 3 years without in- 
jury. Feeding the kao haole, which is rich in 
protein, made unnecessary the purchase of 
expensive protein supplements. However, it 
yielded only about one-third as much forage 
per acre as Napier grass. 


Kudzu usually forms but little seed and 
the seed does not germinate well under field 
conditions. The crop is therefore propagated 
by setting out crowns, vine cuttings, or seed- 
lings. It requires from I to 5 years to become 
fully established, but it then persists long un- 
der proper management. It will not stand 
close, continuous grazing, but may be pas- 
tured moderately until early fall. The stock 
should then be taken off, so that a new crop 
of leaves can be put forth and the food re- 
serves built up in the roots, before freezing 
weather kills the leaves. Otherwise, it is apt 



Beef Cattle on Kudzu Pasture 

In the southern states kudzu prevents erosion on hilly land and furnishes a high yield of 
good pasturage or hay. It supplies an abundance of feed in midsummer, when permanent 
pastures are commonly poor. ( From Mississippi Station. ) 


Koa haole meal or fresh leaves satisfactor- 
ily replaced alfalfa meal in rations for laying 
hens and for chicks. 

501. Kudzu. — Kudzu ( Pueraria thun - 
bergiana) is a rapid-growing perennial leg- 
ume vine that has become very important 
during recent years in the southern states. 
Here it prevents soil erosion on hilly land 
and furnishes a high yield of good pasturage 
or hay. The viny branches grow many feet 
along the ground, rooting at the joints and 
forming new crowns, from which twining 
shoots 2 to 4 feet high are sent up. These 
maw be cut with a mower without great 
difficulty, particularly with a special device 
on the cutter bar to separate the cut and 
uncut forage. 


to winterkill. After the leaves have died, 
kudzu will furnish a month's grazing with- 
out injury to the stand. 

Kudzu furnishes excellent legume pas- 
ture from late spring all through the summer, 
supplying an abundance of feed in midsum- 
mer, when permanent pastures are usually 
poor. In experiments it has been satisfactory 
for dairy cattle, 116 beef cattle, 117 swine, 118 
and poultry. 119 Pigs will somewhat more than 
maintain their weights on kudzu pasture 
alone, without grain, and may thus be car- 
ried along to be fattened in the fall on a 
crop of corn or peanuts. When fed grain, 
without any protein supplement, on kudzu 
pasture pigs make good gains. Kudzu is also 
a good grazing crop for poultry. 
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. . Kudzii should not be cut for hay until 
it is well established, and then not more than 
f, cuttm gs a year should be made, or else 
the stand will be injured. Kudzu cures into 
hay rather easily, and the hay is about as 
rich as alfalfa in protein. Good-quality kudzu 
hay has given good results with dairy cattle, 
beef cows, or fattening cattle. 120 It is too 
coarse and stemmy for calves. Kudzu can 
also be made into silage. 122 Dehydrated 
kudzu meal or leaf meal is a good substitute 
tor alfalfa meal for poultry or swine. 122 

^ Ordinary kudzu does not do well in the 
tropics, but tropical kudzu ( Pueraria phase - 
oloides), a close relative, fills a need for a 
vigorous, perennial legume which covers the 
ground quickly from seed. 12 * It is relatively 
resistant to drouth, grows well in moderate 
shade, has no serious diseases or pests, and 
makes good pasture. It is a common crop in 
Java, Sumatra, and Malay and is proving 
well adapted to Puerto Rico. ° 

502. Lupines. Lupines ( Lupinus spp.) 
are grown in the Gulf Coast states as an an- 
nual winter crop, and in some localities pro- 
duce more green material than any other 
winter legume. 124 The varieties generally 
grown in the South as a cover crop are poi- 
sonous to stock, but sweet lupine varieties 
have been developed which make good pas- 
ture. However, some of the seed sold as 
sweet lupine contains considerable of the 
bitter, toxic kind. 

503. Peas for forage; peas and oats. — 
Field peas ( Pistim arvense ) , the use of which 
as a grain crop is discussed in Chapter XXII, 
are grown in Canada and the northern states 
to some extent for forage. They do not thrive 
where the season is hot. A combination of 
peas and oats, if cut early and well cured, 
makes hay which is slightly richer than red 
clover hay in protein, but usually not so pal- 
atable. In trials with fattening lambs oat- 
a j^"P ea hay has been decidedly inferior to 
alfalfa hay, being worth only about three- 
fourths as much per ton. 125 

Peas and oats make satisfactory silage, 
if not ensiled until the oats are in the dough 
stage and the peas have hardened. Such 
silage is not quite equal to corn silage but is 
useful north of the corn belt, especially as an 
emergency silage crop when alfalfa or clovers 
winterkill. 129 

Peas and oats are sometimes sown as a 
spring soiling crop, especially for dairy cows 
and are one of the best early annual crops 
tor this purpose. 

Peas and oats are sometimes used as pas- 
ture, especially for swine. However, the crop 


does not furnish pasturage over a very long 
season, and stock may tramp down and waste 
considerable of the forage. For pasture this 
mixture is therefore excelled by rape or by a 
combination of oats, peas, and rape. 12 ^ By 
sowing rape with peas and oats, pasture may 
be provided until late fall if conditions are 
favorable, for the rape will come on after the 
peas and oats are grazed off. 

Austrian winter peas are sometimes 
grown in combination with winter oats or 
, otlier winter grain for winter and early spring 
pasture in the southern states and in certain 
sections of the Pacific Coast district. Occa- 
sionally, a peculiar lameness occurs in pigs 
on Austrian winter peas, apparently due to 
some injurious substance in the peas. 12 ® 

504. Lambing or bogging down field 
peas. — In certain localities of the West,, field 
peas, usually sown with a small amount of 
oats or barley to support the vines, are 
sometimes grown for lambing down by fat- 
tening lambs or for hogging down when the 
crop is nearly mature. Unfortunately, serious 
death losses from “overeating disease” fre- 
quently occur among lambs grazed on field 
peas. The method is therefore used much 
less than formerly. 129 

F airly good gains are made by pigs hog- 
ging down peas, if the vines are still" green 
In North Dakota tests 385 lbs. of pork were 
produced per acre of peas hogged down, 
and in Idaho tests 406 lbs. 1 * 9 More rapid 
gains are made when the pigs are fed a lim- 
ited amount of grain in addition to the peas, 
and the results may be still better when a 
small amount of high-quality protein supple- 
ment, such as tankage or meat scrap, is also 
fed. 

505. Pea-cannery waste; pea-vine silage. 
■—Pea-cannery waste consists of the pea vines 
and empty pods, left after the green peas 
are removed at the pea-canning factories. It 
is usually put in large stacks, where the de- 
caying outside layer preserves the mass of 
silage within, or else it is put in silos. No 
preservative is needed, because the pea vines 
are rich in sugar. 

The pea-vine silage has a strong odor, 
but is an excellent feed for dairy cows, cattle, 
and sheep. It contains considerably more di- 
gestible protein than corn silage, but it sup- 
plies less total digestible nutrients. The silage 
is rich in carotene. Where advantage can be 
taken of its richness in protein by saving on 
protein supplements that would otherwise 
be needed to balance the ration, pea- vine 
silage is worth 90 per cent as much as well- 
eared corn silage per ton. If fed in a ration 
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that contains more protein than needed, pea- 
vine silage is probably worth only about 75 
to 85 per cent as much as well-eared corn 
silage. 1 31 

Though pea-vine silage has a strong 
odor, it does not injure the flavor of milk, if 
fed after milking in a well-ventilated barn 
and if spoiled portions are discarded. For fat- 
tening cattle or lambs, pea- vine silage gives 
the best results when fed with some hay. 

Dehydrated pea vines were a good sub- 
stitute for alfalfa meal as a vitamin supple- 
ment for chicks in a Maryland test and for 
pigs in a Washington trial. 132 

506. Peanuts for forage. — Peanuts ( Ara- 
chis hypogea) are grown chiefly for the un- 
derground nuts. However, when peanuts are 
raised for market, the forage is a valuable 
by-product. The peanuts are usually har- 
vested with a digger which cuts off the lower 
roots and lifts the plants with the nuts at- 
tached. 

A common method of curing the crop is 
to stack the plants, after the leaves have 
wilted somewhat, about stakes set in the 
ground, with cross pieces on them to keep 
the plants off the ground. After curing for 
3 to 6 weeks, the nuts are picked from the 
vines by a threshing machine, leaving as a 
by-product the cured forage, usually called 
‘peanut hay” instead of “peanut straw.” 

Such peanut hay, if well cured, leafy, 
and not moldy, is of much higher value than 
one might estimate from its appearance, and 
it is so palatable to stock that it is eaten 
with surprisingly little waste. Good-quality 
threshed peanut hay is lower in protein than 
alfalfa or soybean hay. However, it is higher 
than these hays in nitrogen-free extract and 
lower in fiber, even though it has all of the 
stems and also some roots. Peanut hay prac- 
tically always contains some dirt or other for- 
eign material. Therefore, it is a good plan to 
shake the dirt from the hay or to feed it in 
a rack, so the stock can refuse the coarsest 
stems, if they wish, and so any dirt will fall 
out. 

The average yield of threshed peanut 
hay is about one-half ton per acre, and usu- 
ally more than a ton of hay is secured for 
each ton of unhulled peanuts. 

Sometimes the peanut plants are cured 
in windrows, a side delivery rake being used 
to turn the vines at intervals of several days. 
Unless the weather is very favorable, most 
of the threshed hay obtained by this method 
is badly discolored, very stemmy, dirty, and 
rather unpalatable. Low-grade peanut hay 
may not be much higher than small-grain 


straw in feeding value. Moldy peanut hay or 
that which carries much dirt or dust is not 
suitable for horses or mules, as it may cause 
digestive trouble. 

In experiments in which threshed pea- 
nut hay has been fed to dairy cattle, 133 to 
beef cattle 134 and to sheep 135 the results 
have differed greatly, undoubtedly depend- 
ing on the quality of the peanut hay. In 
some of the trials peanut hay has been nearly 
equal to good alfalfa, lespedeza, or cowpea 
, hay. However, in other tests the peanut hay 
has been much lower in value. 

The residue from dusting the growing 
peanut vines with sulfur or copper-sulfur 
fungicide to control disease has not injured 
stock fed such hay. 136 

The hogging down of peanuts is dis- 
cussed later. (839) When peanuts are grown 
for this purpose, the peanut vines are some- 
times mowed and cured into hay before the 
hogs are turned in. Such hay is fully equal 
to alfalfa or lespedeza hay in value. 

The entire cured peanut plants, includ- 
ing nuts, also make a first-rate feed. In North 
Carolina tests, when ground peanut plants, 
including nuts, formed half the concentrate 
mixture for dairy cows, the milk production 
was as good as with a concentrate mixture 
made up of ground corn, ground oats, cot- 
tonseed meal, and wheat bran. 137 Good re- 
sults were likewise secured when peanuts 
and vines were fed to dairy cows or fattening 
cattle in other tests. 13S 

507. Pigeon pea. — The pigeon pea 
( Cajanus cajan) is a legume shrub which is 
grown in the tropics for its edible seed. In 
Hawaii it was raised extensively as a grazing 
crop for beef cattle, and as a protein-rich 
soiling crop for dairy cows. However, the 
acreage has declined greatly, because it 
yields much less forage per acre than Napier 
grass, and because it is short lived. 139 

508. Serradella. — Serradella ( Ornitho - 
pus sativus) is cultivated to some extent in 
Europe on poor sandy land, as it will grow 
on soil too acid for most legumes. Though it 
has often been tested in the United States, 
it has proven inferior to other crops, even on 
acid, sandy soils. 

509. Singletary peas. — Singletary peas 
( Lathyrus hirsutus ), also called Caley peas, 
rough peas, or wild winter peas, are used in 
the Gulf Coast states to some extent for sup- 
plementary grazing in late winter and early 
spring. 140 The Singletary pea is a viny annual 
winter legume, resembling vetch. The seed 
is poisonous to stock, and the crop should 
not be pastured after pods have formed. An 
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advantage of Singletary peas is that they pro- 
duce much more seed per acre than such 
legumes as vetch, and the seed is therefore 
cheaper. 

510. Velvet beans. — Velvet beans ( Sti - 
zolobium , spp. ) are vine-like annual legumes 
grown throughout the cotton belt, except in 
the extreme northern part. They grow well 
on poor, sandy soil and on soil deficient in 
lime, provided it is well drained. Even the 
early varieties make a tangled mass of vines 
3 to 10 feet long, while the later ones may 
run to 30 feet or more. 

Velvet beans are difficult to cure into 
hay, and over 90 per cent of the acreage is 
grown in combination with corn to support 
the vines. The crop is commonly used for 
grazing, after most of the ears of corn and 
perhaps some of the ripe beans have been 
picked by hand. On sandy soil the leaves, 
vines, and pods do not decay readily after 
they are killed by frost, and the crop often 
furnishes feed until early spring. 

Velvet beans furnish good pasture for 
cattle and sheep, but not for swine. 141 With 
fattening pigs the gains are usually satisfac- 
tory as long as the corn lasts, but then they 
are often poor. 142 This is because velvet bean 
seed is unsatisfactory for swine when form- 
ing any considerable part of the ration. 
(856) 

Silage may be made from the combina- 
tion of velvet beans and corn. Though it has 
a very dark color, it is eaten readily by stock. 

The use and value of velvet-bean seed, 
of velvet beans in the pod, and of velvet- 
bean feed are discussed in Chapter XXII. 

511. Yellow trefoil, or black medic. — 
Yellow trefoil, or black medic ( Medicago lu - 
pulina ), a relative of alfalfa, is a creeping 
legume, usually an annual, which is some- 
what like white clover in habit of growth. 
It is commonly not prominent in permanent 
pastures, except on the black prairie soils of 
Alabama and Mississippi, where it occasion- 
ally furnishes a considerable part of the pas- 
turage in early spring. Because of its small 
size, yellow trefoil is less productive than 
other legumes that may be grown. 

512. Vetch. — The vetches raised in 
the United States are grown chiefly as 
winter annuals for hay, for pasture, or 
for soil improvement in the extreme 
southern states and in the northern Pa- 
cific Coast region, where the winters are 
not severe. Vetch is also grown in some 
of the northern states, especially on 
.sandy soils., being seeded either early in 


the spring or in the fall. Vetch is a cool- 
weather crop and does not thrive in 
summer in the central states. 

For hay, vetch is usually sown with 
small grain to support the weak vines, 
which may clamber 4 or 5 feet or more 
in a tangled mass. The hay is easy to 
cure but somewhat difficult to handle 
because of its tangled nature. Pure vetch 
hay is about equal to clover hay in value, 
. and yields of 2 tons or more per acre are 
secured under favorable conditions. The 
value of oats-and-vetch hay will depend 
somewhat on the proportion of vetch. In 
Oregon tests oats-and-vetch hay was not 
satisfactory as the only roughage for 
fattening lambs. 143 

The vetches also furnish excellent 
pasture for stock, the crop sometimes 
being pastured when young and then 
being allowed to grow up for hay or 
seed. In a Mississippi test dairy cows 
grazed on vetch-and-oats pasture in win- 
ter produced decidedly more milk than 
others kept on permanent pasture. 144 

The combination of vetch and oats 
also makes good silage. In the coast sec- 
tions of Oregon and Washington this 
combination is often sown in the fall and 
ensiled in early summer. In Oregon trials 
the average yield of vetch and oats for 
silage was 16 tons per acre, which was 
double that of corn. 145 The vetch-and- 
oats silage was as palatable as com si- 
lage and equalled it in feeding value. In 
Canadian trials oats-vetch-and-pea silage 
was slightly inferior to com silage for 
milk production. 146 

The two kinds of vetch most com- 
monly grown in the United States are 
hairy or winter vetch (Vicia villosa), 
also called sand vetch, and common 
vetch ( Vicia sativa). Both are ordinar- 
ily annuals, although hairy vetch may 
behave as a biennial when seeded in 
the spring. Hairy vetch is more winter 
hardy and more drouth resistant than 
common vetch, and may be grown on 
poorer soils. Other kinds of vetch grown 
to a lesser extent are Hungarian vetch, 
Monantha vetch, and purple vetch. 
Vetches are sometimes called tares. 

513. Legume straw or chaff. — The 
straw pr chaff that is left after ripe leg- 
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ume$ are threshed for seed is often used 
for stock feeding. Legume straw contains 
much less protein than hay made from 


hay, the cows actually wasted a smaller 
percentage of it. 

Pea straw from field peas varies widely 


the same crops and is much higher in in value, and straw from combine thresh- 
fiber and therefore lower in total digest- ing is worth less than that from a sta- 
ible nutrients. If the legume straw con- tionary thresher, as the pea vines are 
tains a considerable proportion of leaves, usually more mature when the crop is 
the protein content will be decidedly harvested and the straw has less leaves, 
higher than that of straw from the small Pea straw had best be fed as not over 
grains. half the roughage, along with good leg- 


The value of legume straw or chaff , ume hay or silage. 151 Thus fed, its value 


varies widely, depending chiefly on the 
proportion of leaves and the manner in 
which it was cured. It can be fed satis- 
factorily as part of the roughage to dairy 
cattle, beef cattle, or sheep, but it is 
often too dusty for feeding to horses. 
Legume straw gives much better results 
when it is fed as only part of the 
roughage, along with good legume hay 
or else with silage, than when it is the 
only roughage. 

Alfalfaior clover straw , when well 
cured, is of greater value than straw 
from the coarser legumes, such as soy- 


will range from less than half to three- 
fourths that of alfalfa hay. 

Soybean straw usually consists 
chiefly of the coarse stems with a very 
small proportion of leaves, and it there- 
fore has a low feeding value. It should 
be fed as only part of the roughage, 
preferably along with some good legume 
hay. Also, it had best be used for ani- 
mals that are not being fed for high 
production. For example, it is more satis- 
factory for dry cows or for heifers than 
for cows in milk. 152 When fed as the 
only roughage for fattening lambs in an 


beans or field beans. In an Idaho trial Illinois trial, soybean straw gave poor 


alfalfa or clover straw was worth about 
one-half as much as alfalfa hay when 
it replaced part of the hay in a ration 


results, even though sufficient protein 
supplement was fed to balance the ra- 
tion. 153 The straw, which had only 3.4 


for fattening lambs. 147 On the other per cent protein, was worth but one- 
hand, when alfalfa or clover straw has fourth as much as alfalfa hay. The soy- 
been fed as the only roughage or the bean crop had a much higher value as 


chief roughage to fattening lambs or 
the breeding flock, the results have usu- 
ally been unsatisfactory. 148 

Bean straw from field or kidney 
beans, often called “bean pods,” is used 
for feeding cattle, sheep, and horses in 
the bean-growing districts. Its value 
varies widely, but when of good quality 
it is satisfactory as part of the roughage 
when fed with good hay. Thus fed, it is 
worth about as much as com or sorghum 
fodder, or one-half as much per ton as 
alfalfa or clover hay. 149 

Lespedeza straw of excellent qual- 
ity, cured without exposure to rain and 
containing a high proportion of leaves, 
was a satisfactory substitute for good 
soybean hay in an Illinois trial with dairy 
cows, when both were fed with corn 
silage and a suitable concentrate mix- 
ture, 150 Though the lespedeza straw did 
not seem so palatable as the soybean 


hay than when fed as soybean straw plus 
soybean seed. 

QUESTIONS 

1. State 9 advantages of legume forages. 

2. Why should livestock farmers grow a 

large acreage of alfalfa wherever the 
soil and climate are adapted to the 
crop? 

3. What varieties of alfalfa are best suited 

to your section? Why? 

4. Discuss the effect of various factors on 

the composition and value of alfalfa 
hay. 

5. What effect does the stage of maturity at 

which alfalfa is cut for hay have on its 
longevity? 

6. What are alfalfa meal, alfalfa leaf meal, 

and alfalfa stem meal? 

7. Discuss the value and use of alfalfa hay 

for: (a) Dairy cattle; (b) beef cattle; 
(c) sheep; (d) horses; (e) swine; (f) 
poultry. 

8. What is the relative value of alfalfa meal 
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when added to the concentrate mix- 
ture for dairy cows fed plenty of good 
roughage? 

9. Discuss the use of alfalfa for pasture. 

10. Discuss the use of alfalfa for silage; as 

a soiling crop. 

11. Why are alfalfa-grass mixtures prefer- 

able to pure alfalfa in many regions? 

12. Compare the merits of red clover and al- 

falfa as hay crops for your locality. 

13. At what stage of maturity should red 

clover be cut for hay? 

14. Discuss the use of red clover for pasture; 

for silage; as a soiling crop. 

15. Of what importance are the following in 

your locality: (a) Mammoth clover; 
(b) alsike clover; (c) white clover; 
(e) Ladino clover; (f) crimson clover? 

16. Discuss the use of sweet clover for pas- 

ture and for hay. 

17. What other clovers are grown in your 

area? 

18. What is the value of soybean hay for: 

( a ) Dairy cattle; ( b ) beef cattle; ( c ) 
sheep; (d) horses and mules; (e) 
swine; (f) poultry? 

19. Should soybeans or soybean combina- 

tions be raised for silage in your area? 

20. Discuss the use of soybeans as a soiling 

crop and for pasture. 

21. Discuss the value as forage crops of any 

of the following that are important in 
your state : ( a ) Annual lespedeza; ( b ) 
sericea lespedeza; (c) cowpeas. 

22. Which of the other legumes discussed in 

this chapter are grown in your state, 
and how are they used? 

23. How can legume straw or chaff be used 

best in stock feeding? 
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CHAPTER XVII 

INDIAN CORN AND THE SORGHUMS FOR FORAGE 




I. Indian Corn 

514. Indian com excels as a forage 
crop. — Indian corn ( Zea mays) is well 
called king among our crops in the 
United States, for com far excels other 
crops both in acreage and in value. Our 
corn is raised chiefly for grain, but it is 
also our main silage crop, and a large 
acreage is grown for hogging down, for 
fodder, or for grazing. When corn is 
grown for grain, the stover left after 
husking can be an important winter feed 
for stock. 

With the acreage restrictions that have 
been in force, the acreage of corn har- 
vested in the country has recently been 
about 80,000,000 acres. Over 85 per cent 
of our corn is grown for grain, only 7 
to 8 per cent being raised for silage and 
4 to 5 per cent for hogging down, fod- 
der, or grazing. 

When the entire corn plant is used 
for forage, as in growing it for silage, it 
excels all other forage crops in average 
yield of dry matter and of digestible 
nutrients per acre. In these respects it 
even slightly surpasses alfalfa, the queen 
of the legume roughages. (450) 

Though it flourishes best in the corn 
belt, corn is an exceedingly adaptable 
crop, and it is raised for grain or for for- 
age on more than two-thirds of all the 
farms in the United States. Corn is a 
heat-loving plant and does not thrive if 
the nights are cool. However, early-ma- 
turing, short varieties have been devel- 
oped that will usually ripen in the north- 
ern-most states. 

If com is planted rather thickly, a 
heavy yield of forage is secured, with 
but little grain. On the other hand, when 
the plants are grown the proper dis- 
tance apart, there is a large yield of 
grain, with forage as a secondary prod- 
uct, As is pointed out later in the dis- 


cussion of corn as a grain, it ranks first 
among the cereals in feeding value and 
also in yield of grain per acre. (681) In 
addition, the corn stover is worth much 
more per acre for stock feeding than 
the straw from the small grains. 

515. Corn fodder; shock corn; corn 
stover. — In discussing the uses of corn 
as a forage crop, it is important to’ have 
definitely in mind just what i% meant by 
the terms used in speaking df com for- 
age. 

The terms com fodder and fodder 
corn are commonly used for com plants, 
either fresh or cured, which have been 
grown primarily for forage, with all of 
the ears, if any, originally produced. 
Shock corn (sometimes called bundle 
corn) means corn grown primarily for 
grain, but which is fed without husking. 
Sometimes shock com is also called com 
fodder. 

Corn stover is the term applied to 
cured shock corn from which the ears 
have been removed. Corn stover is often 
called “corn stalks,” but this term is mis- 
leading, for the greater feeding value is 
in the leaves and not in the stalks. 

The terms fodder and stover are also 
applied to such crops as the sorghums. 
For example, kafir forage is called either 
kafir fodder or else kafir stover, depend- 
ing on whether or not the heads have 
been removed. 

516. Thickness of planting.— The 
greatest yield of sound corn grain is se- 
cured when the kernels are planted far 
enough apart so all the plants produce 
full-sized ears. A common rate for dent 
corn on good soil in the corn belt was 
formerly 10,000 to 12,000 kernels per 
acre. In recent tests hybrid com has 
yielded best on well-fertilized soil with 
as many as 16,000 plants per acre. On 
less fertile soil or where rainfall is scanty, 
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the rate should be less. Early-maturing, 
short varieties should be planted some- 
what more thickly than larger varieties. 

Under favorable conditions the 
largest yields of total dry matter and of 
digestible nutrients are secured from 
corn planted more thickly than when 
grown for grain, but the yield of grain 
will then be much less. If the crop is 
raised for silage to be fed to stock that 
need a liberal allowance of concentrates 
(such as milk cows or fattening cattle or 
sheep), it is best to plant it at a rate 


517. Nutrients lost when crop is 
harvested too early. — Experiments in 
which corn plants have been analyzed at 
various stages of growth have shown that 
there is a heavy loss of nutrients when 
the crop is harvested too early. At the 
milk stage, when corn is sometimes cut 
for silage, the crop has the greatest green 
weight. However, an acre of corn then 
has only two-thirds as much dry matter 
as when the kernels have ripened. There 
is even greater difference in the amount 
of total digestible nutrients or of net 



Nutrients in Corn Plants at Various Stages 

The shaded areas in the legend represent the amounts of crude protein, fiber, nitrogen- 
free extract, and fat in corn plants at various stages. Note especially the large storage of 
nitrogen-free extract as the crop matures. (From Indiana Station.) 


which will produce a large proportion 
of ears. However, the crop even then is 
usually planted a little more thickly than 
when it is raised for grain. 

If the silage is to be fed to beef 
breeding cows not nursing calves or to 
yearling or older beef cattle which are 
being carried through the winter to be 
fattened on grass the following summer, 
sometimes the corn is planted so thickly 
that the proportion of ears is small. This 
is because such cattle do not need much 
grain. Another method occasionally used 
for such stock is to feed corn-stover si- 
lage, or to husk out some of the ear corn 
before the crop is ensiled. 


energy per acre, because of the great 
storage of starch in the corn kernels as 
they mature. 

In Indiana experiments it was found 
that from the milk stage to the date 
when the corn was ready to shock (a 
period of less than a month), there was 
a gain per acre of 2,500 lbs. nitrogen- 
free extract, over a ton of which was 
starch. 1 Nearly all of this storage had 
taken place by the silage stage, when the 
kernels were dented. 

The chief storage of fat also occurs 
after the milk stage, when the germs in 
the kernels are developing. On the other 
hand, the increase in protein, fiber, and 
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mineral matter is most rapid in the 
earlier stages, when the leaves and stalks 
are growing fastest. 

518. Composition of corn forage. — 
Like corn grain, corn forage is high in 
carbohydrates and low in protein. Well- 
dried corn fodder has only about half as 
much protein as does alfalfa hay, and 
corn stover has even less. 

When the corn crop is stricken with 
drouth, so that no ears develop and the 
plants are killed, the forage will have a 
considerably higher percentage of pro- 
tein than normal, but the total yield of 
nutrients will be low. Likewise, corn har- 
vested in the milk stage or before will 
contain a higher percentage of protein, 
on the dry basis, than more mature for- 
age. However, such immature forage is 
watery and low in total nutrients. 

Corn forage resembles grass hay in 
content of both calcium and phosphorus. 
Corn fodder or silage grown on soil well 
supplied with calcium is fair in calcium 
content, having 0.25 per cent or more on 
the dry basis. Corn stover is higher than 
corn fodder in calcium. Where the soil 
is deficient in calcium, the corn forage 
will be low in this mineral. 

Corn fodder and com silage are 
rather low in phosphorus. The percent- 
age depends somewhat on the phos- 
phorus supply in the soil, and corn for- 
age grown on phosphorus-poor land will 
be deficient in this mineral. Corn stover 
is very low in phosphorus, as most of the 
phosphorus is in the grain. 

Green corn forage, even from white 
corn, is high in vitamin A value. This is 
because the green corn leaves and stalks 
contain a greater total amount of caro- 


parts — tassels, silks, husks, and any dried 
leaves — are rich in the vitamin. (204) 
Corn silage harvested at this stage there- 
fore furnishes much more vitamin D than 
does hay-crop silage, which may have 
little or none. In the Michigan investiga- 
tion corn silage supplied sufficient vita- 
min D to meet the needs of dairy cows 
or of yearling heifers. 2 

Even when grown for grain, an ap- 
preciable part of the feeding value of 
the corn crop is in the stover. 3 The stover 
will have nearly one-half of the dry mat- 
ter and about one-fourth of the digestible 
protein and net energy of the entire 
crop. This shows the loss of feeding 
value that occurs when corn stover is not 
utilized. 

519. Corn silage.— Wherever corn 
thrives, it is an ideal silage crop. For 
this reason, by far the greater part of all 
the silage in this country is made from 
corn. If green corn forage if harvested 
at the proper stage of growth and is en- 
siled with ordinary care, it almost always 
makes excellent silage. The cut forage 
packs well in the silo, and it contains 
sufficient sugar so that enough acid is 
produced in the silage to keep it from 
spoiling. (425) 

The fact that corn almost invariably 
makes good silage is an important point 
to consider in deciding whether to use 
com or hay crops, such as alfalfa, for si- 
lage. Good silage can generally be made 
from hay crops, if care is taken to use 
one of the special methods which have 
been described earlier. (428-435) How- 
ever, sometimes the hay-crop silage is 
decidedly inferior in quality to the usual 
grade of corn silage. 


tene than the grain, even in the case of 
yellow corn. The vitamin A value of dry 
corn fodder will vary widely, depending 
on whether the leaves and stalks were 
green when the crop was harvested, and 
on how well it was cured. 


Differing from most other green, 
growing crops, green corn forage may 
supply considerable vitamin D, if not 
harvested before the dent stage. Michi- 
gan studies, mentioned previously, show 
that the leaves which are still green have 
practically no vitamin D, but the dried 


The yield of silage per acre varies 
widely with the soil and season. A 50- 
bushel crop of corn should make from 8 
to 10 tons of silage, depending on the 
size and leafiness of the plants. The aver- 
age yield of com grown for silage in this 
country is about 8 tons per acre, but 10 
tons or more are readily secured when 
the crop is grown on fertile land well 
adapted to com. 

Corn makes the best silage if cut 
when the kernels have reached the glaz- 
ing stage, but while most of the leaves 
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are still green. At the glazing stage the 
dent varieties will be well dented. Ensil- 
ing the com should not be delayed 
longer, or the corn will become too ma- 
ture to make the most palatable silage, 
and it may mold unless water is added 
as the cut forage is ensiled. On the other 
hand, if ensiled too early, very sour si- 
lage is produced. Still more important, 
there is a great waste of nutrients, for the 
chief storage of starch will not have oc- 
curred. 

The vitamin A value of the silage is 
much lower if the crop is ensiled when 
the leaves have begun to turn yellow. In 
a Wisconsin test early-dent-stage corn 
silage had 3 times as much carotene as 
late-harvested silage. 4 When cows were 
changed from the more mature silage to 
that made at the early-dent stage, the vi- 
tamin A content of their milk was dou- 
bled. ' r 

The leaves of many of the hybrid 
corn varieties stay green longer than 
those of the old open-pollinated varieties. 
Therefore the best way to tell when hy- 
brid corn is ready for the silo is to ex- 
amine the ears, or the crop may get too 
mature for the best silage before one is 
aware of it. 

It has been pointed out previously 
in this chapter that corn silage harvested 
at the dent stage may supply enough vi- 
tamin D to meet the needs of dairy cows 
and yearling heifers. (518) It thus dif- 
fers greatly in this respect from most 
hay-crop silage. 

Although hybrid com generally has 
stiffer stalks than many of the old varie- 
ties, it is more leafy and has no more 
fiber and no more lignin (the least valu- 
able carbohydrate). Most of the hybrids 
usually contain an even larger proportion 
of ears than the older open-pollinated 
varieties, and the silage will be fully as 
palatable and as high in feeding value. 5 

520. Late-maturing vs. earlier corn 
for silage. — In the North an important 
question is whether to grow for silage a 
variety of corn that is early enough to 
reach the early-dent stage or at least the 
late-dough stage in the average season, 
or to grow instead a taller-growing va- 
riety that will not usually reach these 


stages before frost. In most of the ex- 
periments on this question, it has been 
concluded that it is best to grow a va- 
riety which will generally reach the 
early-dent stage or at least the dough 
stage. 6 When the crop is planted at the 
proper rate, silage from such a variety 
will have a large proportion of ears and 
will therefore have a high nutritive value 
per ton. 

The late varieties will produce a 
larger tonnage, but the forage will be 
much more watery. In actual amount of 
dry matter produced per acre there has 
usually been but little difference. Silage 
made from immature corn is apt to be 
much sourer than that from com which 
has at least reached the dough stage, and 
it may not keep so well. Because of its 
higher water content and also because 
it contains little grain and is slightly less 
digestible, the value per ton will be con- 
siderably lower. 

Silage from corn harvested at the 
milk stage or earlier supplies only 60 to 
75 per cent as much total digestible nu- 
trients per 100 lbs. as dent-stage silage. 

For each 100 lbs. of digestible nutrients 
in the silage, the expense of harvesting 
and ensiling the crop is therefore much 
greater in the case of the late varieties, 
and also much more silo space is re- 
quired. 

Usually the northern stockman who 
grows plenty of other roughage will wish 
to fill his silo with richer and more palat- 
able feed than the late-maturing varie- 
ties supply. In case he has a very limited 
amount of com land and desires to pro- 
duce the largest possible tonnage of si- 
lage, he may decide to grow a late vari- 
ety and plant it thickly. In feeding such 
silage, however, it must be remembered 
that it is low in dry matter. Therefore to 
prevent lower production of milk or 
meat, more hay or other dry roughage 
must be fed with it than in the case of 
silage from well-eared corn, cut at the 
dent stage. 

It is important not to use for silage 
a variety that is so early that it will fail 
to utilize effectively the entire growing 
season. Such varieties produce much less 
feed per acre than a variety that just $ 
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reaches the desired silage stage in the ments with dairy cows, good corn silage 
average season. has actually been worth 33 to 40 per 

If the crop has not reached the cent as much per ton as good legume or 
proper stage at the usual time for killing mixed hay. The feeding value of corn 
frosts to occur, it is best to let it stand silage for dairy cows therefore agrees 
until after frost rather than to ensile it well with the amount of digestible nu- 
when very immature, for satisfactory si- trients it furnishes, 
lage can be made from frosted corn, and For fattening cattle and fattening 

the crop may mature to a considerable sheep corn silage has an even higher 
extent before a severe frost comes. If the value in comparison with hay. Numer- 
crop is killed by frost, it should be en- , ous experiments have shown that for 
siled quickly, before the leaves become these classes of stock good com silage is 
dry. If the plants dry out before all the usually worth one-half as much per ton 
crop can be ensiled, enough water should as good legume or mixed hay. This dif- 
be added as the silo is filled so that the ference in the relative values of silage 
cut forage will pack well. and hay for daily cows and for fattening 

When corn is ruined by drouth, the cattle or fattening sheep is somewhat sur- 
silo is the best means of saving all feed- prising. It may perhaps be explained as 
ing value possible. Water should, of follows: 

course, be added to the forage as it is en- Lambs chew their feed very thor- 

siled, if it is too dry to pack well. oughly and therefore no corn- kernels in 

521. Value of com silage. — the silage escape digestion. In the ex- 
Through the use of corn silage the cost periments with fattening cattle, pigs have 
of producing milk and meat can be ma- commonly followed the cattle to salvage 
terially lowered over much of this coun- an y kernels that passed through un- 
try. Not only is com silage excellent for chewed. Thus the combination of fat- 
cattle and sheep, but it may be used in tening cattle and pigs completely utilized 
a limited way with horses that are idle or the grain in the silage. On the other 
at light work. Corn silage is too bulky hand, in the case of dairy cows there is 
and fibrous to have much usefulness in an appreciable loss of nutrients because 
feeding swine and poultrv. As shown in some kernels escape chewing. 

Chapter XXXV, it gives "satisfactory re- This difference in value does not 

suits for wintering bred sows when well mean that corn silage is an inefficient 
supplemented with protein and minerals. for dairy cows. As is pointed out 

However, legume hay is much more effi- later, wherever corn thrives, com silage 
cient for them, because of its high con- I s usually the most economical succulent 
tent of protein, vitamins, and calcium. ^ ee 4 for winter feeding. The difference 
The value and use of corn silage for dairy merely means that for fattening sheep 
cattle, beef cattle, and sheep is discussed an< 3 a l s ° f° r fattening cattle which are 
in later paragraphs. followed by pigs, well-eared com silage 

Corn silage is used most commonly has an even higher actual value than 

as only part of the roughage for stock, would be estimated from its chemical 

generally being fed in combination with composition. 

hay or dry fodder. It gives especially In considering the value of corn 

good results when fed with legume hay silage, it should be borne in mind that 

or mixed hay rich in legumes. If com well-eared corn silage is a combination 

silage is the only roughage, a calcium of roughage and concentrate. Such silage 

supplement, such as ground limestone, contains I pound of dry corn grain in 

should be added to the ration, to ensure each 7 to 9 lbs. of silage. 7 Therefore, 

a plentiful supply of this mineral. when a dairy cow, for example, eats 30 

Silage from well-matured corn sup- lbs. a day of such silage, she gets 3 or 

plies slightly more than one-third as 4 lbs. of corn grain in the silage. Experi- 

much total digestible nutrients per 100 ments have shown that the com grain 
lbs. as does good-quality hay. In experi- in silage has the same feeding value as 
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the same amount of corn fed as the dry 
grain. 8 

Though corn silage is a very eco- 
nomical feed over much of this coun- 
try, in some areas either hay as the only 
roughage or grass silage in combination 
with hay may be cheaper. ( 424 ) 

522. Corn silage vs. corn fodder. — 
There is not a large difference in the 
amount of nutrients lost when a com 
crop is cured as dry fodder under favor- 
able conditions, and when it is ensiled. 
(426) However, in feeding experiments 
an acre of corn forage fed as silage has 
generally had a much greater value than 
an acre of the same crop fed in the form 
of dry fodder. 

This is doubtless because stock us- 
ually reject the butts of the dry com 
stalks, even when finely cut, while in si- 
lage they are mostly eaten. Moreover, 
owing to the great palatability of this 
succulent feed, silage-fed animals con- 
sume a larger ration, and more nutrients 
are hence available for milk or flesh pro- 
duction after meeting the needs for 
maintenance. Just as important as these 
advantages is the fact that, like other 
succulent feeds, silage has a beneficial 
laxative effect and aids in keeping stock 
thrifty. 

523. Com silage for dairy cattle. — 
Throughout the chief dairy districts of 
the United States, com is by far the most 
popular and widely used silage crop for 
feeding dairy cattle. Not only does corn 
silage readily provide a uniform supply 
of high-quality succulent feed for winter, 
but also it is an excellent supplement to 
scanty pasture in summer. 

A much greater feeding value is se- 
cured from an acre of corn when it is 
ensiled than when it is fed as dry fodder. 
For example, in an Iowa experiment 
dairy cows were fed either silage or corn 
fodder, along with alfalfa hay and a good 
concentrate mixture. 9 The dry com fod- 
der was worth only about 45 per cent as 
much per acre as corn silage. This was 
largely because of the greater loss in cur- 
ing the fodder and the waste in feeding 
it, for the milk yield per cow was only 6 
per cent less on the ration containing 
corn fodder than on the silage ration. 


When silage is fed under proper 
conditions, the flavor or quality of the 
milk is not injured in the slightest de- 
gree. Silage should be fed after milking, 
the mangers should be cleaned out regu- 
larly, silage should not be left scattered 
on the floor of the stable, and the stable 
should be properly ventilated. 

In a later chapter information is pre- 
sented on the amounts of corn silage to 
be fed per head daily to cows under var- 
ious conditions, and on the use of silage 
as the only roughage. (1076) 

524. Value of corn silage when 
added to dairy rations. — Numerous ex- 
periments have been conducted to de- 
termine the effect on milk production 
when corn silage is added to a ration of 
hay and concentrates, and to find the 
relative feeding values per ton of silage 
and hay. 10 The effect produced by the 
addition of silage to the ration will de- 
pend chiefly on the quality of the hay 
that is fed and on whether or not there 
are drinking cups in the stable. When 
cows have access to water at all times, 
the addition of silage to a dry ration 
makes less difference than when they 
have water less frequently, because si- 
lage supplies considerable water. 

If silage is added to a ration con- 
sisting of a good concentrate mixture 
and only fair dry roughage, such as or- 
dinary grass hay or dry corn fodder, the 
milk yield will be considerably in- 
creased, even when water is always avail- 
able. On the other hand, if the dry 
roughage is legume hay of excellent qual- 
ity and the cows have access to drinking 
cups, sometimes there is no increase in 
milk production and when there is an in- 
crease it does not usually exceed 7 to 10 
per cent. 

In a study by the United States De- 
partment of Agriculture of records from 
cow-testing-association herds, it was 
found that the average production of 
cows on silage, legume hay, and grain 
was 305 lbs. of fat a year; on only leg- 
ume hay and grain, 299 lbs.; on silage, 
mixed hay and grain, 279 lbs.; on only 
mixed hay and grain, 248 lbs.; and on 
only non-legume hay and grain, 229 
lbs. 11 It will be noted that the addition 
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of silage to a ration of legume hay and 
grain increased the average production 
much less than adding it to a ration of 
poorer hay and grain. 

Where the effect of silage feeding 
has been studied in surveys made in var- 
ious states on the cost of milk produc- 
tion, it has usually been found that si- 
lage-fed herds produced more milk and 
fat than those fed only dry roughage in 
winter. However, in some studies the net 
return has been no larger or even smaller 
where silage has been fed. 

Since a first-class dry ration pro- 
duces nearly as much milk as when si- 
lage is added, one should base his de- 
cision as to whether or not to use silage 
chiefly on the relative cost of nutrients 
in silage and in hay. He should also con- 
sider the other farm management factors 
which have been discussed in a previous 
chapter. (424) 

In the experiments in which silage 
has been added to a ration of hay and 
concentrates, it has usually required from 
250 to 300 lbs. of well-eared corn silage 
to equal 100 lbs. of hay in actual feed- 
ing value. In these trials good corn silage 
has therefore been worth 33 to 40 per 
cent as much per ton as good hay. This 
is a somewhat lower value than corn si- 
lage has for fattening cattle or lambs, as 
has been mentioned previously. 

525. Corn silage for beef cattle. — 
Silage from well-matured corn, carrying 
an abundance of ears and consequently 
a high proportion of corn grain, is the 
best of all silages for beef cattle. Such 
silage aids greatly in reducing the 
amount of grain or other concentrates 
needed for fattening cattle or for young 
cattle being carried through the winter. 
Since corn silage is low in protein, care 
should be taken to balance the ration 
with a sufficient amount of protein sup- 
plement, when it is one of the chief 
roughages. 

The high value of corn silage for 
fattening cattle has been proved in nu- 
merous experiments. The results of 33 
experiments show the effect of adding 
well-eared com silage to the already ex- 
cellent ration of shelled com, protein 
supplement, and alfalfa or clover hay. 12 


The steers, usually 2-year-olds, received 
23,6 lbs. silage, 14.3 lbs. shelled corn, 
3.1 lbs. hay, and 2.6 lbs. protein supple- 
ment per head daily and gained an aver- 
age of 2.49 lbs. Those fed no silage 
gained nearly as rapidly and there was 
only a trifling difference in selling price 
in favor of the silage-fed cattle. 

The chief advantage from feeding 
silage was the saving of corn and hay, 
and the cheapness of the gains. In these 
many trials each ton of corn silage saved 
an average of 247 lbs. corn plus 580 lbs. 
legume hay, but minus 14 lbs. protein 
supplement. With feeds at representa- 
tive prices, corn silage was worth fully 
one-half as much per ton as good legume 
hay. In these trials, the feed cost of 100 
lbs. gain was 5 per cent less for the cat- 
tle fed silage. This might mike the dif- 
ference between profit and a lo§g on the 
feeding operation. 

In similar tests fattening calves fed 
corn silage in addition to shelled corn, 
protein supplement, ' afttf legume hay, 
gained a trifle more rapidly than others 
fed no silage and sold at a slightly 
higher price. 13 On the average, corn si- 
lage was worth 45 per cent as much as 
legume hay in these trials. 

For carrying calves or older cattle 
through the winter for later fattening, 
com silage has usually been worth fully 
one-half as much per ton as good legume 
hay. 14 Cattle wintered on com silage, 
hay, and a small allowance of protein 
supplement will make considerably 
greater gains than those wintered with- 
out silage, unless grain is added to the 
latter ration. This is because of the grain 
that well-eared corn silage supplies. 

Com silage is also an excellent 
roughage for wintering beef breeding 
cows. In Maryland experiments a ration 
of com silage supplemented with soy- 
bean oil meal and ground limestone was 
more satisfactory for beef cows than 
wintering them on mixed clover-timothy 
hay. 15 In 4 New York tests com silage 
was worth 42 per cent as much per ton 
as good mixed hay when replacing half 
the hay in the ration for beef cows. 10 

We can conclude from the various 
experiments that where com silage does 
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not cost more than about one-half as 
much per ton as alfalfa or other legume 
hay, the use of silage in addition to hay 
for beef cattle is thoroughly economical. 
Where silage costs more than this, in 
comparison with hay, it may be more 
profitable to feed hay as the only rough- 
age. 

It is shown in Chapter XXVIII that 
when corn silage is added to a ration of 
nothing but alfalfa hay for fattening cat- 
tle the gains are greatly increased. Each 
100 lbs. of silage actually replace about 
115 lbs. of hay, without giving credit for 
the better finish produced by the silage 
feeding. 

Information is given in Chapter 
XXIX on the best amounts of corn or 
other silage to feed beef cattle, and on 
the use of silage as the only roughage. 

526. Type of com silage for beef 
cattle. — Corn for silage to be used for 
fattening cattle should be planted at a 
rate that will permit the development of 
good ears. Tnii‘ is because grain is 
needed for the rapid fattening of cattle. 
Also, in the northern states a variety of 
corn should be grown which will nearly 
mature in the average season, instead of 
raising a rank-growing, late-maturing 
kind. 

Immature, watery corn silage is 
worth much less per ton than silage 
made from well-eared corn harvested at 
the dent stage. A decidedly lower feed- 
ing value per acre is therefore secured 
when the crop is ensiled too early. For 
example, in an Ohio trial well-matured 
silage produced 23 per cent more gain 
per acre on fattening cattle than did si- 
lage ensiled at the roasting-ear stage. 17 

527. Com silage for sheep. — Corn 
silage is the most widely used succulent 
feed for the winter feeding of sheep in 
the United States. This is due both to its 
cheapness and to its high value for 
breeding sheep and fattening animals. 
Not only does it furnish palatable nu- 
trients, but also it aids in preventing con- 
stipation. Only silage of good quality 
should be fed to sheep, for they are much 
more susceptible than are cattle to in- 
jurious effects from eating spoiled or 
moldy silage. Also, silage which is un- 


duly sour is apt to cause colic and scours. 

The value of corn silage for fatten- 
ing lambs is well shown by the results 
of 44 experiments in which corn silage 
has been added to the excellent ration 
of shelled corn and alfalfa or clover 
hay. 18 In these experiments a total of 
2,434 lambs averaging 60 lbs. in weight 
at the start were fed for an average of 
91 days. In 19 of the trials a small 
amount of protein supplement was 
added to the silage ration, as a ration 
of corn grain, legume hay, and corn si- 
lage has slightly less protein than is 
needed for the most rapid gains. 

The silage-fed lambs ate an average 
of 1.2 lbs. silage, 1.1 lbs. shelled corn, 
1.2 lbs. alfalfa or clover hay, and 0.08 
lb. supplement a day and gained 0.35 lb. 
daily. Those fed no silage ate 1.7 lbs. 
hay and 1.1 lbs. corn a day and gained 
a trifle less than those fed silage, 0.32 lb. 
The silage-fed lambs sold for 13 cents 
more per hundredweight, because of 
slightly better finish. The chief advantage 
of feeding silage was in the saving of 
grain and hay required per 100 lbs. gain. 
In these trials 1 ton of silage plus 118 
lbs. protein supplement saved 1,038 lbs. 
legume hay and 197 lbs. shelled corn. 

Considering not only the feed re- 
placed by silage, but also the slightly 
more rapid gains and slightly higher sell- 
ing price, we may conclude from these 
many trials that good corn silage, thus 
fed, is usually worth slightly more than 
one-half as much a ton as legume hay. 

In most of the other experiments in 
which corn silage has been added to 
other rations the results have been simi- 
lar. 19 In certain western tests corn silage 
has had a somewhat lower value when 
it has been added, usually in very limited 
amounts, to grain and excellent alfalfa 
hay. 20 

When fattening lambs are fed either 
corn or sorghum silage and also legume 
hay for roughage, it is best to let them 
have all the silage they will clean up, in 
addition to what legume hay they will 
take. This usually produces more rapid 
and cheaper gains than if the allowance 
of silage is limited. 21 In very cold 
weather care must be taken not to feed 
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more silage than will be eaten before it 
freezes. 

It is interesting to note that lambs 
given all the silage they desire will still 
eat nearly as many pounds of hay as of 
silage, while steers fed the same feeds 
may eat 5 to 7 times as many pounds of 
silage as of hay. 

When legume hay or good-quality 
mixed legume-and-grass hay can readily 
be provided, it is best not to use com 
or sorghum silage as the only roughage 
for fattening lambs or for the breed- 
ing flock, but to feed some hay in addi- 
tion. The legume hay not only helps sup- 
ply protein, but also it furnishes calcium 
and supplies vitamin A and other vita- 
mins. The use of corn or sorghum silage 
as the only roughage for sheep is- dis- 
cussed more fully in Chapter XXXI. If 
these silages are fed as the only rough- 
ages, it is very important to supply a 
sufficient amount of protein supplement, 
and also to add ground limestone or 
some other calcium supplement. 

Several experiments have shown 
that corn silage has a decidedly higher 
value per ton for fattening lambs, when 
fed along with good hay, than it does as 
the only roughage. This is true even 
when a protein supplement and a cal- 
cium supplement are fed. For example, 
in 3 New York tests, com silage was 
worth 56 per cent as much as alfalfa hay 
when added to a ration of shelled corn, 
protein supplement and alfalfa hay. 
However, when silage was fed as the 
only roughage with com, protein supple- 
ment, and ground limestone, it was worth 
only 37 per cent as much as the hay. 22 

528. Corn silage for horses and 
mu l es —While silage is fed to horses or 
mules much less frequently than to cat- 
tle or sheep, many farmers have had suc- 
cess in using it. Only silage of good qual- 
ity, free from decay or mold, should ever 
be fed to horses, for they are much more 
apt to be poisoned by spoiled silage than 
are cattle or even sheep. 

Silage should not be the only rough- 
age for horses or mules, but it may re- 
place one-third to one-half the hay 
usually fed. The animals should be accus- 
tomed to it gradually, and certain ones 


may not eat it readily at first. Because of 
its bulky nature, animals at' hard work 
cannot consume much silage, but it is 
well suited to idle horses and mules, 
brood mares, and growing colts. 23 If the 
silage contains much corn, the amount 
of grain that is fed should be reduced ac- 
cordingly. 

529. Corn-fodder or corn-stover si- 
lage. — Silage can be made from dry corn 
or sorghum forage, if the forage is WCt 
thoroughly as it is cut into the silo and 
if it is tramped down well, so there will 
not be too much air in the mass after it 
settles. Otherwise, the forage is apt to 
mold. When properly ensiled, such for- 
age ferments much as does green fodder 
in the usual silage process. Though such 
silage is usually less palatable than silage^ 
from green fodder, it is eaten readily by 
stock and with less waste than in the case 
of dry fodder or stover. * 

The water can be sprinkled on the 
cut material in the silo, but it can be 
mixed more evenly if a stream is run into 
the blower, and then more water, if nec- 
essary, is sprinkled over the cut forage 
in the silo, as it is filled. Enough water 
should be added so that a little can be 
squeezed out of a handful of the cut ma- 
terial. Generally, about one ton of water 
should be added to each ton of dry for- 
age. 

Since corn-stover silage lacks the 
grain, it is worth decidedly less per ton 
than normal corn silage that includes the 
ears. However, it is more valuable than 
an equivalent amount of dry corn stover, 
for it is more palatable and it is eaten 
with less waste. It is best used for ani- 
mals that do not need rations rich in 
digestible nutrients. For example, it is sat- 
isfactory as the chief roughage for win- 
tering beef breeding cows (which are not 
nursing calves) or "Tor wintering Stocker 
cattle that are to be fattened on grass the 
next summer. If possible, good legume 
hay should be fed along with stover si- 
lage. 

On the other hand, it is a mistake to 
remove the ears from corn forage for si- 
lage intended for dairy cows, dairy 
heifers, fattening beef cattle, beef calves, 
breeding ewes, or fattening sheep. These 
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animals all need rations rich in digestible which may be used as a substitute for 
nutrients. If the ears are removed, it will hay from the grasses, 
therefore be necessary to replace this As corn fodder is low in protein, it 

grain by feeding larger amounts of con- gives the best results when fed with leg- 
centrates. Even then, the results will usu- ume hay. Such a combination is satis- 
ally not be so good as when normal si- factory for dairy cows, beef cattle, and 
lage, rich in ears, is fed. sheep. Corn fodder may also be used as 

530. Corn-stover silage for dairy cattle. ? substitute f°r hay with idle horses, 
— For feeding dairy cows, the labor of re- brood mares, and colts. 

moving the ears from corn forage before Corn fodder and stover should be 

ensiling it is more than wasted. Experiments * cured in large, well-made shocks, to re- 
many years ago proved clearly that better duce the losses from weathering. When 
results are secured from normal well-eared corn forage seems dry, it generally still 
silage than from stover silage, fed with the has more water and less dry matter than 
ground com grain from the ears that had hay, a fact that should be borne in mind 
been removed.** Similar results were secured in feeding it. Corn fodder or stover must 
m a recent Michigan trial.--' In a Wisconsin be weII ° ured before it is stac ke d , and 
experiment corn-stover silage fed with alfalfa dall before ft is stored in a mow . 

hav and a good concentrate mixture, pro- J , , n , , 1 . , . ,, 

duced 10.6 per cent less milk than did nor- Otheiwise, it will heat and mold badly, 
mal com silage.** The stover silage was worth # wh en corn is grown primarily for 
only 61 per cent as much per ton as corn grain, sometimes the crop is fed as shock 
silage containing the ears. corn , the stock doing their own husking 

531. Corn-stover silage for beef cattle. and eating the corn grain and most of 
— The manner in which corn-stover silage the stover. This method of feeding the 
can be used for wintering beef breeding cows crop saves enough labor to make it eco- 
is well shown by Illinois tests, 27 Beef cows nomical under some conditions, even 
wintered on 60 lbs. of corn-stover silage per though the feeding value per acre is corn- 
head daily plus 1 lb of protein supplement, monly much less fo an when foe corn ia 
and usually with a little straw in addition, ensiled 

were rather thin in condition but produced m/ * n r 

thrifty calves. The cost of feed was only one- J h 5\ reIatlve value of sh ° ck “ m 01 

third as much as with corn silage that con- c ° m fock }f per acre compared with corn 

tained all the ears. Thus fed, corn-stover silage will depend to a considerable ex- 
silage will be worth from one-half to two- tent on the usual amount of rainfall in 
thirds as much per ton as corn silage con- autumn in the particular region. In the 
taming the ears. corn belt and other humid districts there 

Use can also be made of stover silage j s a considerably greater loss of nutrients 
as part of the roughage for wintering year- in curing corn fodder in the field than 
ling or 2-year-old beef cattle, unless consid- there is in the drier re gions. 

whiter S£Un “ W61§ 13 § When Sh0ck COm iS llUsked b y ma ' 

^ Some farmers think that a considerable chin , er X= tke st0 , ver is usuaI1 y bedded 
part of the value of the corn grain is lost or chopped at the same operation. Corn 
when the .whole crop is ensiled. They believe fodder is also often chopped^ with a si- 
that if they husk the corn and later feed it lage cutter before feeding. This shredded 
with silage made from the stover, the crop or chopped material is no more digest- 
will have a higher value. The contrary has foie than the uncut forage. However, 
been shown by Michigan and Tennessee ex- chopping or shredding usually reduces 
periments in which fattening cattle were fed the wastaga Such forage is also easier 
either stover silage or well-eared corn silage handIe f and the waste is in better 
as part of the ration.** shape for bed(Jing Unless sllredded or 

532. Dry corn fodder; shock corn, chopped fodder or stover is thoroughly 
— Though not so palatable and valuable dry, it will heat and mold if a large 
as corn silage, corn grown thickly and quantity is stored for any considerable 
cured as dry fodder while the leaves period. 

are yet green, makes a coarse forage Grinding fodder or stover costs 
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much more than chopping or shredding 
it. Grinding is therefore probably not 
advisable, except that it may pay to grind 
well-eared fodder finely enough to crack 
the kernels for stock that would fail to 
chew the grain thoroughly. 

533. Corn fodder for dairy cows. — 
Though inferior to silage, well-cured corn 
or sorghum fodder is relished by cows 
and may be used as a substitute for hay 
from the grasses. Instead of being fed as 
the only roughage, it should be used with 
some legume hay, and it should be 
chopped or shredded to reduce waste. 
The portion of corn or sorghum fodder 
that is eaten is about equal to timothy 
hay in value. Whole corn fodder was not 
a very satisfactory feed for dairy cows in 
Iowa and North Carolina tests. 29 

534. Shock corn; corn fodder for 
beef cattle. — Both shock corn and com 
fodder are often used for beef cattle. 
Shock corn is frequently fed to fattening 
cattle, especially during the first part of 
the fattening period. The cattle soon be- 
come used to eating the unhusked ear 
corn and will also eat most of the leaves 
and even some of the stalks. In feeding 
shock corn there is more wastage of grain 
than in feeding ear com or shelled corn, 
even when pigs follow the cattle. It is 
also rather difficult to adjust the amount 
of grain as the fattening progresses. The 
gains are therefore apt to be slower from 
shock corn, especially during the latter 
part of the feeding period. 

Corn fodder and shock corn are ex- 
cellent feeds for wintering beef cattle, 
when a limited amount of legume hay is 
supplied to balance the ration or when a 
small amount of protein supplement is 
fed. Though a considerably greater feed- 
ing value per acre is secured when the 
crop is ensiled, the dry fodder is a very 
useful feed for those who do not have 
silos. 

In the corn belt and other humid re- 
gions, a much greater return per acre is 
generally secured when corn silage is fed 
to fattening cattle than when the crop 
is utilized as shock com. Thus, in 3 
Michigan experiments fattening cattle 
made fairly good gains on shock com, fed 


with a protein supplement and a limited 
amount of alfalfa hay. 30 However, other 
cattle fed corn silage in place of the 
shock corn made somewhat greater gains. 
Still more important was the fact that the 
silage produced 55 per cent more gain 
in liveweight per acre than shock corn 
when fed uncut, and 15 per cent more 
than chopped or ground shock corn. 
Similar results have been secured in most 
other comparisons of corn silage and 
shock corn for fattening cattle. 31 

In the drier districts there may not 
be any great difference in the results 
from corn silage and from chopped or 
ground com fodder as a feed for beef 
cattle, because the fodder can be cured 
with but little loss of' nutrients. Thus, in 
Colorado, Nebraska, and North Dakota 
experiments chopped or ground corn fod- 
der was nearly as satisfactory as corn si- 
lage. 32 In feeding value, TOO lbs. of 
chopped or ground fodder equalled 184 
to 228 lbs. of com silage. 

Whether or not it will pay to chop 
or grind corn fodder or shock corn will 
depend, first of all, on whether pigs fol- 
low the cattle, and also on the quality of 
the forage and the cost of preparation. 
Where pigs followed the fattening cattle, 
it did not pay to chop or grind shock 
corn in Iowa and Michigan experi- 
ments. 33 If shock corn is fed to fattening 
cattle which are not followed by pigs, 
it will probably pay to grind the fodder 
fine enough to crack the corn kernels. 

535. Corn fodder for sheep, — Well- 
cured dry corn fodder is a better rough- 
age for sheep than most timothy hay or 
other grass hay. However, corn silage is 
decidedly preferable to the dry fodder 
and has a considerably higher value per 
acre. For feeding to sheep, com fodder 
had best be chopped to reduce the wast- 
age, instead of being fed uncut. 
Sometimes it is ground in a roughage 
mill. 

Ground or finely chopped dry corn 
fodder, including the ears, was compared 
with corn silage in Colorado and New 
Mexico trials with fattening Iambs, which 
were fed alfalfa hay and concentrates in 
addition. 34 The gains were about as rapid 
on the com fodder as on com silage, and 
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1.0 ton of the chopped or ground dry not a high-grade roughage, it has con- 

fodder was equal to 2.5 tons of corn si- siderable value when properly used, 

lage in feeding value. Stover produced in the northern part of 

The use of shock com, grown pri- the corn belt is superior to that grown in 

marily for the grain, in fattening lambs the South. As soon as com stover is well 

is discussed in a later chapter. ( 699 ) cured, it should be stacked or placed un- 

536. Corn fodder for horses and der cover, rather than being left to waste 
mules. — Properly-cured corn fodder (es- away in the shock. When corn develops 

pecially that thickly grown for forage) but little grain, because of drouth or hot 

is a satisfactory substitute for timothy or winds at silking time, the stalks and 

other grass hay in feeding idle work stock ' leaves are higher in digestible nutrients 

or animals at moderate work, and for than usual. 



In Stock Farming Corn Stover Is Utilized 

Corn stover contains at least one-fourth the feeding value of the corn crop. In well- 
planned stock farming it is well utilized. 


brood mares, stallions, and growing In the corn belt the ears are corn- 

stock. An economical combination for monly husked or snapped from the stand- 
wintering farm horses or mules is half ing stalks, and the stover then left uncut 

corn fodder or stover and half legume in the field. On livestock farms horses, 

hay. For idle horses, no grain will be cattle, or sheep are usually turned into 

needed in addition, except for a few these stalk fields to utilize the stover and 

weeks before the spring work begins. to get any remaining ears. Considerable 
The portion of good com fodder feeding value can thus be saved, though 
that is actually eaten is about equal to the wastage is greater than when the 
timothy hay in feeding value. To reduce crop is harvested and husked, 
the waste, it is best to cut or shred the Corn stover is too low in nutrients 

fodder. Even then, there will usually be to form any large part of the roughage 

considerable refuse, but this can be used f or high-producing dairy cows. A limited 

for bedding. amount of bright, well-cured stover, fed 

537. Com stover.— Though corn after cutting or shredding, may some- 

stover, the forage which remains after times be an economical feed for the milk- 

removing the ears from shock com, is ing herd. However, better use can us- 
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ually be made of the stover by feeding it 
to well-grown heifers, idle horses, or 
other stock which need less nutrients. 

Corn stover can often be fed ad- 
vantageously as part of the ration for 
wintering beef cows or even for winter- 
ing young beef cattle, but it is too low 
in nutrients to be of much value for fat- 
tening cattle. For example, in an Ohio 
trial, fattening steers fed corn stover with 
mixed hay, shelled corn, and protein sup- 
plement returned only 81 cents per head 


588. Com as a soiling crop. — Corn 
ranks high as a soiling crop, because of 
its palatability, the high yield of nu- 
trients, and the fact that it remains in 
good condition for feeding during a 
much longer time than many of the other 
soiling crops. Green corn fodder is of es- 
pecial value for dairy cows when pas- 
tures are short in late summer or early 
fall. An acre of ripening corn thus fed 
in early fall may return twice as much 
profit as if it were held over until winter. 



In Grain Farming Corn Stover Is Largely Wasted 

In exclusive grain farming in the corn belt, the ears are picked from the standing stalks, 
and the stover is then often allowed to waste away in the field. 


over cost of feed, while others fed corn 
silage in place of the stover gave a net 
return of $6. 14. 35 

Corn stover is likewise unsuitable 
for fattening lambs, 36 but cut or 
shredded stover may be used as part of 
the roughage for breeding ewes, if con- 
siderable good legume hay is fed in ad- 
dition. 

Corn stover, if well-cured, is satis- 
factory as part of the roughage for win- 
tering idle horses or mules, especially 
when fed with legume hay or mixed hay. 
It does not supply enough net energy to 
be very useful for horses or mules at 
work. 


For early feeding, sweet com may often 
be advantageously used. 

If cattle are turned in a field to 
graze on green corn (forage ahd ears) 
before it has matured, they may overeat, 
causing serious digestive disturbance. 

539. Pulling fodder. — In the South the 
tops of the ripening com stalks are often cut 
off just above the ears, leaving the tall butts, 
each with an unhusked ear at its top. Next 
the leaves are stripped from the butts, and 
these together with the severed tops are 
cured into a nutritious, palatable fodder, 
which is used for stock feeding. However, 
"pulling fodder” in this manner is a very un- 
wise practice, for it seriously reduces the 
yield of grain. During the last stages of its 
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life the corn plant is busiest in manufactur- 
ing and storing nutrients. Removing the top 
and leaves at once stops all this work of food 
making. 

540. Sweet-com stover; com-canning- 
factory waste. — Sweet-corn stover , left after 
the green ears have been removed for sale 
on the market or to a canning factory, is of 
somewhat higher value per ton, bn the dry 
basis, than stover from ripe field corn. It is 
more leafy, and the leaves and stalks are 
more nutritious. Silage made from green 
sweet-corn stover is worth nearly as much 
per ton as that made from immature field 
com which contains but little grain. 

The sweet-corn forage should be al- 
lowed to mature a few days after the ears 
are removed, before it is ensiled. It then will 
be less watery, and the silage will not be 
too acid. However, it should be ensiled when 
the stalks and most of the leaves are still 
green. 

The canning-factory waste at corn can- 
neries consists of the husks and cobs, with 
some ears of unsatisfactory quality for can- 
ning. This waste is usually ensiled, either in 
stacks at the factory or in silos on the farms 
of the growers. Such silage is lower in pro- 
tein and in total digestible nutrients than 
silage made from well-matured field corn, 
that has a good proportion of ears. Judging 
from its composition and digestibility, it is 
worth about as much per ton as silage from 
field corn that has but little grain. 37 Silage 
made from canning-factory waste is some- 
times very acid, and may then be rather un- 
palatable to stock. 

541. Com tassels. — Corn tassels, usually 
discarded after being clipped from corn 
plants in producing hybrid corn seed, have 
been found to be rich in carotene and 13- 
complex vitamins and fairly high in pro- 
tein. 38 It is estimated that the yield of tassels 
on the dry basis is about 270 lbs. per acre. 
If this material could be saved economically, 
it might * veil be used for stock feeding. 

II. The Sorghums 

542. Importance of the sorghums. 
— In the central and southern parts of 
the western plains states, the sorghums 
( Sorghum vulgar e) are of great impor- 
tance as feed crops, both for forage and 
for grain. In fact, success in stock farm- 
ing throughout this section depends 
largely on the sorghums. Because they 
are much more drouth-resistant than 
corn, they have largely taken its place 


in those portions of this region that have 
too little rainfall for com. 

The importance of the sorghums in 
the United States is shown by the fact 
that as much as 17,000,000 acres are 
grown annually. Of the total acreage, 
more than half is usually raised for grain, 
only about a million acres for silage and 
the rest for dry fodder. Of our acreage, 
all but a small percentage is grown in 
ten states — Texas, Kansas, Oklahoma, 
Colorado, Nebraska, New Mexico, Mis- 
souri, South Dakota, Arizona, and Cali- 
fornia. 

Sorghums are also important as for- 
age crops in certain sections of the South 
where they yield much more forage per 
acre than corn, since they produce a fair 
crop on soil too poor or thin for com. 

Where there is sufficient rainfall, 
corn usually excels the sorghums, both 
for grain production and for forage. For 
this reason the acreage of the sorghums 
is small in the corn belt and eastward. 
However, corn requires a plentiful sup- 
ply of moisture throughout the growing 
season, and the yield is always unsatis- 
factory if growth is seriously checked by 
drouth. 

The sorghums will cease growing 
and the edges of the leaves roll together 
during periods of drouth and extreme 
heat. Yet, when rain comes, the plants 
quickly resume growth, unless they have 
been killed by the drouth. In the drier 
parts of the sorghum belt, milo and other 
dwarf varieties are grown which not only 
are more drouth resistant but also evade 
drouth, because they are early maturing. 
Like corn, the sorghums require warm 
weather throughout the growing season. 
In fact, they are even more particular 
than corn in this respect. 

543. Types of sorghums. — The sor- 
ghums are of two general types — the 
sweet sorghums , or sorghos , which have 
stems filled with sweet juice, and the 
grain sorghums , which have juice that 
is not sweet or only slightly sweet and 
which usually have more pithy stems. 
Broom corn is another type of sorghum 
that is raised for the heads, or brushes, 
which are used in the manufacture of 
brooms. When the term “sorghum” is 
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used without the words “sweet” or 
“grain,” in referring to silage, fodder, or 
stover, the product from sweet sorghum 
is usually meant. 

The sweet sorghums, or sorgos, 
often called “cane” by farmers, are for- 
age rather than grain producers. They 
are usually 5 to 7 feet tall or more. In 
most sections of the sorghum belt the 
varieties of sweet sorghum that are 
adapted to the particular locality give 
larger yields of forage per acre than the 
best grain sorghums. 


rather dry, pithy stalks. They are not 
commonly grown for forage. 

The taller grain sorghums, such as 
kafir and hegari, are used for both grain 
and forage. Atlas, Axtell, Ellis, and Nor- 
kan, which are crosses between grain 
sorghum and sweet sorghum, are also 
used for both forage and grain. Darso, 
shrock, and sagrain are other sorghums 
produced by such crosses, which are 
grown in some areas. These dual-purpose 
sorghums are leafy and have juicy, sweet 
stalks. 



Atlas Sorghum Grown for Silage 

Atlas sorghum is one of the most popular varieties of sorghum for forage in the eastern 
part of the sorghum belt. 


The two types of sorghum cross 
freely. Through crossing, certain hybrid 
varieties have been developed that com- 
bine some of the characteristics of both 
the grain sorghums and the sweet sor- 
ghums. 

The sorghums now grown for grain 
in the sorghum belt are now mostly 
dwarf varieties, which can readily be 
combined. These varieties, mostly de- 
veloped by crossing milo with kafir or 
other sorghums, grow only 2 to 4 feet 
tall, have erect heads, and usually have 


544. Composition and nutritive 
value of sorghum forage. — Sorghum for- 
age resembles corn forage in composi- 
tion, but unless it has a high proportion 
of grain, it will have decidedly less total 
digestible nutrients than well-eared corn 
forage. 

Another reason for a somewhat 
lower content of total digestible nutrients 
in sorghum forage for cattle is that they 
do not utilize the grain in sorghum fod- 
der or silage quite so well as they do the 
grain in com fodder or silage. Because 
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the grain is much smaller in size, some- 
what more escapes chewing and passes 
through the digestive tract with little 
change. There is not this difference in 
the case of sheep, since they chew their 
feed more thoroughly. 

Since sorghum grain is lacking in 
carotene, sorghum forage which includes 
the grain will have considerably less vi- 
tamin A value than well-eared corn for- 
age of yellow corn varieties. Indeed, in 
Texas experiments with beef calves fat- 
tened in dry lot over long periods, sor- 
ghum silage, fed as the only roughage, 
did not supply enough vitamin A value 
to meet their needs fully. 39 They often 
began to show slight symptoms of vi- 
tamin A deficiency before they were 
ready for market. The lack of vitamin 
A can be readily corrected by feeding a 
pound or so of good-quality alfafa hay 
per head daily. 

When sorghtj^p forage, either silage 
or dry fodder, is fed as the only rough- 
age for no longer than the usual feeding 
period, the difference in vitamin A value 
Is the only great difference in nutritive 
value between sorghum forage and com 
forage. However, in long-time Kansas 
experiments in which sorghum forage 
and sorghum grain were fed continuously 
to dairy cattle, without any pasture, 
other deficiencies showed up, even when 
protein and mineral supplements were 
provided. 40 Cows so fed eventually be- 
came unthrifty and produced much less 
milk than when legume hay was fed in 
addition. Similar results were secured 
in New Mexico and Nebraska experi- 
ments. 41 

It has been stated in Chapter VIII 
that there seems to be more trouble from 
urinary calculi in cattle and sheep when 
sweet sorghum forage is fed than with 
other roughages, possibly due to a high 
content of silicates. (250) 

545. Prussic acid in sorghum for- 
age, — Green sorghum plants of most va- 
rieties may contain sufficient prussic 
acid, or hydrocyanic acid, to cause the 
death of cattle or sheep, as is pointed out 
later. (670) The prussic acid content is 
apt to be high enough to be dangerous 


in young plants and when the growth is 
checked by drouth or other injury. 

If sorghum is harvested when ap- 
proaching maturity, it is not usually dan- 
gerous. Also, the prussic acid is de- 
stroyed to a considerable extent when the 
forage is thoroughly dried as dry fodder 
or hay, and it is still more completely de- 
stroyed when the crop is ensiled. There- 
fore well-dried sorghum is generally safe, 
and practically no cases of prussic acid 
poisoning have been reported from sor- 
ghum silage. Even green sorghum rarely 
causes prussic acid poisoning in the 
humid sections of the southern states. 
Low-prussic-acid varieties of sorghums 
have recently been developed which 
have not been known to cause poisoning 
of stock, even when pastured. 42 

Sorghum grain never causes prussic 
acid poisoning. 

546. Sorghum fodder or hay. — Dry 
sorghum fodder, often called “bundle 
feed,” is of great importance for stock 
feeding in the sorghum-growing districts. 
Indeed, the acreage of sorghums grown 
for dry fodder in this country is nearly as 
large as the acreage raised for grain, and 
it is several times as large as the acreage 
grown for silage. 

For dry forage, varieties of sorghum 
with sweet, juicy stalks are generally 
grown, as the forage is more palatable. 
The crop should be cut when the seed is 
in the dough stage. Sorghum fodder or 
hay must be thoroughly cured in shocks, 
windrows, or cocks before it is stacked 
or stored in the barn, or it will sour or 
mold. In humid regions it had best be 
left in the field in shocks or cocks, and 
drawn to the feed lot or barn from week 
to week during the barn-feeding season, 
as it is difficult to get the stalks dry 
enough for storage in bulk. 

Sweet-sorghum hay or fodder, often 
called “cane hay,” is lower in fiber and 
slightly higher in total digestible nu- 
trients than average timothy or prairie 
hay, but there is more waste in feeding 
it unless it is cut or shredded. Because 
of its sweetness, it is somewhat more 
palatable than corn fodder. Fodder from 
the grain sorghums, including the grain, 
may have as high a value per ton as that 


352 



FEEDS AND FEEDING 


from sweet sorghum. Though the stalks 
are less nutritious, the proportion of grain 
is usually larger. 

Sorghum fodder harvested when the 
leaves were no longer very green was 
deficient in carotene in New Mexico 
trials, while early-cut, well-cured fodder 
had plenty for dairy cows. 43 

Well-cured sorghum fodder or hay 
is a satisfactory roughage for dairy cat- 
tle, beef cattle, sheep, and horses, when 
fed in a well-balanced ration. The value 
per ton will vary widely, depending on 
the leafiness, on the proportion of grain, 
and on how well it is cured. Except for 
work horses, it usually gives the best re- 
sults when fed with some legume hay. If 
no legume hay is available, ground lime- 
stone or some other calcium supplement 
should be supplied. Except in very dry 
regions where the sorghum can be cured 
into excellent dry fodder with only a 
small loss of nutrients, a much higher 
feeding value per acre is secured from 
sorghum silage than from sorghum fod- 
der. 

Whether or not it will pay to chop 
or grind sorghum fodder will depend on 
the proportion that would be wasted if 
it is fed whole. For example, in a Texas 
trial chopping rather poor-quality grain 
sorghum fodder increased the value for 
fattening cattle enough to justify the ex- 
pense. 44 On the other hand, in Kansas 
tests chopping good-quality kafir fodder 
did not increase its value for beef cattle 
being carried through the winter. 45 
Grinding the fodder in a mill that 
cracked most of the grain did, however, 
increase its value considerably. 

547. Sorghum fodder for dairy cat- 
tle. — In the plains states and in the 
South, sorghum fodder is a common feed 
for dairy cattle, resembling corn fodder 
in feeding value. It had best be fed with 
some legume forage, and even then it is 
usually of lower value than sorghum or 
corn silage, on the dry matter basis. 
Chopping or shredding sorghum fodder 
for dairy cattle is advisable to lessen the 
wastage. 

548. Sorghum fodder or hay for 
beef cattle. — Cured forage from the 
sweet sorghums and the grain sorghums 


can be used for beef cattle in the same 
' manner as corn fodder, 46 Sorghum hay, 
or “cane hay,” made from thickly-planted 
sweet sorghum, is about equal to good 
prairie or timothy hay, for there is but 
little waste in feeding it. 

Sorghum forage gives especially 
good results when fed with a limited 
amount of legume hay. However, 
chopped or ground sorghum fodder of 
good quality has been satisfactory as the 
only roughage for fattening cattle when 
fed with a sufficient amount of protein 
supplement to balance the ration and 
also with about 0.1 lb. per head daily of 
ground limestone or other calcium sup- 
plement. 

Although sorghum fodder is a very 
satisfactory feed for beef cattle, a much 
greater feeding value per acre is secured 
when the crop is ensiled, except in dis- 
tricts where the autumns are very dry. 

549. Sorghum fodder or hay for 
sheep. — For fattening lambs, sorghum 
fodder or hay usually gives decidedly 
better results when some legume hay is 
fed in addition than when it is the only 
roughage. 47 In some tests the results have 
been satisfactory, however, with chopped 
or ground sorghum fodder as the only 
roughage, when plenty of protein supple- 
ment and also a calcium supplement 
were supplied. 48 

Sorghum fodder is a good feed for 
wintering ewes if it is properly supple- 
mented. Including some legume" hay or 
other legume forage in the ration is de- 
sirable as insurance against nutritive de- 
ficiencies. However, in South Dakota 
trials sorghum fodder, with a protein sup- 
plement and minerals, was satisfactory 
as the only roughage for ewes. 41 ' 

550. Sorghum fodder or hay for 
horses and mules. — Well-cured sorghum 
fodder or hay is excellent for horses and 
mules, and is satisfactory as the only 
roughage for mature horses. In a Ne- 
braska test sorghum fodder was superior 
to prairie hay as part of the ration for 
colts. 50 Moldy, decayed sorghum forage 
is dangerous to horses. 

551. Sorghum stover. — Sorghum sto- 
ver (sorghum fodder from which the 
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hea$s have been removed) is similar to 
corn stover in composition and general 
value. Stover from kafir, hegari, darso, or 
the sweet sorghums is the best, as it is 
leafier and the stalks are more nutritious 
than in the case of stover from milo, 
kaoliang, or durra. 

Like corn stover, sorghum stover is 
best used for stock which is not being fed 
for high production. Thus, it is more val- 
uable for wintering beef breeding cows, 
Stocker cattle, or work stock than it is for 


roughage for fattening lambs, especially 
when fed with some alfalfa hay. 53 In a 
New Mexico test chopped sorghum 
stover was a better roughage than cot- 
tonseed hulls or corn stover, for fatten- 
ing lambs. 54 

552. Sorghum silage; sorghum-sto- 
ver silage. — The sorghums make excel- 
lent silage if ensiled when the seeds are 
hard and ripe. Such silage * contains no 
more acid than does corn silage and is 
well liked by stock. If the plants are im- 



Harvesting Sorghum for Silage with a Field Chopper 

A sorghum crop has a much higher feeding value when it is ensiled, than when it is fed 
as dry fodder or hay. 


milk cows, for fattening cattle or lambs, 
or for horses or mules at hard work. 
Since sorghum stover is very low in pro- 
tein and may be deficient in calcium, 
supplements should be fed to meet these 
lacks when the stover is not fed with leg- 
ume roughage. 

For wintering beef calves sorghum 
stover was about equal to prairie hay in 
a Nebraska test, but inferior to sorghum 
silage. 51 Ground hegari stover, undoubt- 
edly of good quality, was satisfactory as 
the only roughage for fattening calves 
in Texas trials. 52 

In Kansas trials ground sorghum 
stover was a satisfactory and economical 


mature, the silage will be too sour. Also, 
the crop will have much less feeding 
value per acre if ensiled before the stor- 
age of nutrients in the seeds is prac- 
tically completed. For example, in 
Arkansas experiments with beef calves, 
Atlas sorghum ensiled when well matured 
or at least in the early dough stage pro- 
duced more than twice as much gain 
per acre as did silage made at the early 
boot stage. 55 

A good way to determine whether 
sweet sorghum or kafir is mature enough 
for silage is to twist the stalk with the 
hands. If just a little juice is visible on 
the twisted cane, the proper stage has 
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been reached. If the crop does not ma- 
ture enough before frost, fairly good si- 
lage can be made by allowing it to dry 
out somewhat before ensiling it. Also, 
immature sorghum which has been with- 
ered by drouth can be used successfully 
for silage. Water should be added, if the 
forage is too dry to pack well in the silo. 

A sorghum crop has a much higher 
feeding value per acre when ensiled than 
when fed as dry fodder or hay. In spite 
of this fact, about 5 times as many acres 
are grown for dry fodder as for silage. 
Some farmers who use sorghum fodder 
have too few cattle to keep silage from 
spoiling. Others find the dry fodder more 
convenient to use as a supplement to 
winter range or pasture. 

Sorghum silage is excellent for dairy 
cattle, beef cattle, and sheep. If sorghum 
silage is fed to horses, the same precau- 
tions should be taken as with corn si- 
lage. (528) The value per ton of sor- 
ghum silage is usually somewhat less 
than that of well-eared corn silage, be- 
cause sorghum silage is not so rich in 
grain. Also, cattle do not chew the seed 
in sorghum silage as thoroughly as they 
do corn grain. A considerable percent- 
age, therefore, passes through undi- 
gested. However, in the sorghum belt the 
yield of the sorghums is so much greater 
than that of corn that they far surpass 
corn for silage. This is also the case in 
certain sections of the South. There is 
generally no danger from prussic acid 
poisoning in feeding sorghum silage to 
stock. 

Trench or pit silos provide a cheap 
means of storing silage in the sorghum 
belt and are therefore widely used. Since 
sorghum silage keeps well from one 
year to another, or even longer, many 
farmers in the dry-farming districts store 
silage in a good year to carry over to a 
time of drouth. 

Silage is sometimes made from sor- 
ghum stover, after the heads are har- 
vested. Since the silage can be made 
from the leaves and stalks while still 
green, sorghum-stover silage is more 
palatable to stock than silage made from 
dry corn stover with the addition of 
water. Also, for cattle there is not quite 


so much difference between the value 
of sorghum silage containing the heads 
and of sorghum-stover silage, as there is 
between normal corn silage and corn- 
stover silage. This is because more of 
the seed escapes chewing in the case 
of sorghum silage. Sorghum-stover si- 
lage was worth 87 per cent as much per 
ton as sorghum silage containing the 
heads in Oklahoma tests with dairy cows, 
• and about 74 per cent as much in Kan- 
sas tests with beef calves being win- 
tered. 56 

Because of its lower content of nu- 
trients, stover silage had generally best 
be used for wintering beef cows, stocker 
cattle, or well-grown dairy heifers, in- 
stead of for cows in milk or for fattening 
cattle. 

553. Sorghum silage for dairy cat- 
tle. — Sorghum silage ranks next to corn 
silage in value for dairy ^cattle. It is 
worth somewhat less per ton than such 
corn silage as is normally produced in 
the corn belt. However, where the cli- 
matic conditions are more favorable to 
the sorghums than to corn, as in the 
southern plains states, sorghum silage 
may be nearly as valuable per ton as the 
corn silage produced there. 57 

Sorghum silage has this high value 
for dairy cows in spite of the fact that 
a much larger proportion of the seed 
passes through the animal unmasticated 
and undigested than in the case of corn 
silage. It has been found that one-fourth 
or more of the seeds in sorghum silage 
are voided in the manure with little 
change. 58 This is a much larger loss than 
occurs in the case of corn silage. 

There is apparently not much dif- 
ference in the value per ton of silage 
from the grain sorghums and from the 
sweet sorghums for dairy cows, judging 
from the results of Kansas and Oklahoma 
tests. 59 

554. Sorghum silage for beef cat- 
tle. — Sorghum silage is of great impor- 
tance for beef production in those sec- 
tions where the climate is such that the 
sorghums yield much more forage per 
acre than corn. Except where weather 
conditions in the fall are ideal for curing 
sorghum as dry fodder, the feeding value 
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of sorghum silage per acre will be con- 
siderably greater than that of sorghum 
fodder. 

Sweet sorghum silage is generally 
worth somewhat less per ton for beef 
• cattle than silage from the grain sor- 
ghums or such hybrids as Atlas sorghum, 
as it contains much less grain. However, 
in many districts the yield of the sweet 
sorghums is enough greater to more than 
make up this difference. 

When sorghum silage is added to 
a ration for beef cattle in which the 
only roughage is alfalfa or other hay, 
sorghum silage will usually be worth 
30 to 40 per cent as much per ton as 
alfalfa hay, or about one-half as much 
per ton as prairie hay or oat hay. 60 If 
fed as the only roughage, its value will 
tend to be slightly lower than this. 

For beef cattle that are being win- 
tered on mpderate rations, the value of 
sorghum silage per ton approaches ' that 
of such corn silage as is generally pro- 
duced in the plains states. In 7 Kansas 
and Nebraska tests in which calves were 
wintered on either sorghum silage or 
corn silage with 1 lb. per head daily of 
cottonseed meal, the gain has been 
nearly as great on the sorghum silage. 61 
Each 100 lbs. of sorghum silage were 
equal in average feeding value to 87 
lbs. of corn silage. 

For fattening cattle the value of 
Atlas sorghum silage or sweet-sorghum 
silage has been considerably lower than 
that of such well-eared corn silage as is 
commonly produced in the corn belt. 
For example, in Indiana and Illinois 
trials fattening cattle made nearly as 
rapid gains on Atlas silage as the main 
roughage as others did on com silage. 62 
However, in the Illinois trials the Atlas 
silage was worth only 60 per cent as 
much as corn silage for fattening cattle 
and 70 per cent as much for wintering 
beef calves. 

In 15 other tests cattle gained 1.78 
lbs. per head daily, on the average, on 
sweet-sorghum silage and 1.99 lbs. on 
corn silage, 63 On account of poorer fin- 
ish, the cattle fed sorghum silage gen- 
erally sold for a slightly lower price. Due 
to this and because somewhat more feed 


was required per 100 lbs. gain on sor- 
ghum silage, the actual feeding value of 
sorghum silage was only 58 per cent as 
great per ton as that of corn silage. 
These results show that sweet sorghum 
should not be grown in place of corn 
silage for fattening cattle, unless the 
average yield is enough larger to make 
up the difference in value per ton. 

555. Sorghum silage for sheep. — 
Sorghum silage is a good substitute for 
corn silage in feeding sheep. 64 Except in 
the drier regions where sorghum fodder 
can be cured with little loss of nutrients, 
a higher value per acre is secured when 
the crop is ensiled than when it is fed 
as dry fodder. 

Like corn silage, sorghum silage 
usually gives decidedly better results for 
fattening lambs or. breeding ewes when 
fed in combination with some legume or 
mixed hay than when used as the only 
roughage. This is true even when pro- 
tein and calcium supplements are prop- 
erly provided. 

In Kansas and Texas tests it re- 
quired only 2.3 tons of sweet-sorghum 
silage to equal 1 ton of ground sweet- 
sorghum fodder for fattening lambs. 65 

556. The sorghums for pasture and 
as soiling crops. — The common varieties 
of sorghum are not generally used for 
cattle or sheep pasture, because of the 
danger of prussic acid poisoning. (670) 
Sudan grass is generally used instead, 
for it not only much safer, but it is 
also ajff better pasture crop. Horses and 
swine can be grazed safely on sorghum. 
However, sorghum has too much fiber 
to rank high as a pasture for pigs. For 
older hogs fed considerable grain, it 
gives somewhat better results. 66 

Except for the danger of prussic 
acid poisoning, the sorghums are satis- 
factory as soiling crops. If the crop is al- 
lowed to reach the seed stage before it 
is fed, the danger is slight. 

557. Dehydrated sorghum forage. — 
Sometimes sorghum fodder is dehydrated, in 
the same manner as alfalfa. This efficiently 
preserves the nutrients, but is expensive. In 
a Kansas test with dairy cows dehydrated 
Atlas sorghum had the same value as Atlas 
silage per pound of dry matter. 67 In another 
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Kansas trial with fattening lambs a pelleted 
ration made up of dehydrated sorghum, sor- 
ghum grain, and cottonseed meal produced 
slightly more rapid but decidedly more ex- 
pensive gains than a ration of ground sor- 
ghum fodder, whole sorghum grain, and 
cottonseed meal. 68 

558. Perennial hybrid sorghums. — In 
Argentina a natural hybrid between sweet 
sorghum and Johnson grass ( Sorghum al- 
num) is a good perennial pasture crop in the 
drier areas. This does not spread by root- 
stalks and become a pest, as does Johnson 
grass. It has given promising results in Geor- 
gia. 69 Perennial sorghum hybrids are also 
being studied at the Mississippi and Hawaii 
Stations. 70 

559. Broom-com-stover silage. — Many 
farmers believe that the broom-corn stover 
which is left after the brush is harvested is 
valueless or actually injurious for feeding. 
However, in Illinois tests broom-corn stover 
made fairly satisfactory silage when ensiled 
as soon as the brush was harvested and when 
100 lbs. of molasses were added per ton. 71 
Silage made without molasses did not keep 
well. The silage was somewhat less palatable 
to dairy cows than normal silage, but they 
ate it readily after becoming used to it and 
produced only slightly less milk than when 
fed corn silage. 

QUESTIONS 

1. What are the merits of corn as a forage 

crop? 

2. Define corn fodder; shock corn; com 

stover. 

3. What factors should determine how 

closely corn should be planted for 
forage? 

4. Explain why corn should not generally 

be cut for silage until the glazing 
stage. 

5. State the main facts concerning the com- 

position of corn forage, considering 
content of protein, total digestible nu- 
trients, calcium, phosphorus, vitamin 
A value, and vitamin D. 

6. Approximately what part of the digesti- 

ble protein and net energy of a corn 
crop grown for grain is in the stover? 

7. Why does corn excel as a silage crop? 

8. Under what conditions might you advise 

a dairyman in the northern states to 
grow a late-maturing variety of corn 
for silage? 

9. Why does an acre of corn silage gener- 

ally have a decidedly higher value 
than an acre of dry corn fodder? 


10. Discuss the value of corn silage for dairy 

cattle, stating the approximate value 
per ton of corn silage and good hay. 

11. Similarly, discuss the value of cofn silage 

for: (a) Beef cattle; (b) sheep; (c) 
horses and mules. 

12. What type of corn silage is best for fat- 

tening cattle? 

13. Discuss the making and use of corn- 

fodder silage and corn-stover silage. 

14. Discuss the use of corn fodder for: (a) 

Dairy cattle; (b) beef cattle; (c) 
sheep; (d) horses and mules. 

15. For what classes of stock and in what 

manner can corn stover be used best? 

16. How does corn rank as a soiling crop? 

17. In what sections of the country are the 

sorghums superior to corn for forage? 
IS. What are the differences between the 
sweet sorghums and the grain sor- 
ghums? 

19. If sorghums are important in your re- 

gion, describe the characteristics of 
the 3 chief varieties raised there. 

20. Discuss the composition and nutritive 

value of sorghum forage. 

21. Discuss the use of sorghum fodder for: 

(a) Dairy cattle; (b) beef cattle; (c) 
sheep; (d) horses and mules. 

22. For what classes of stock is sorghum 

stover most suitable? 

23. Discuss the value of sorghum silage for: 

(a) Dairy cattle; (b) beef cattle; (c) 
sheep. 

24. Why is not sorghum used widely as a 

pasture for cattle or sheep? 
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CHAPTER XVIII 

THE HAY AND PASTURE GRASSES— THE CEREALS 
FOR FORAGE— STRAW 


I. The Grasses; the Cereals 
for Forage 

560. The hay and pasture grasses. 
— The hay and pasture grasses are 
mostly perennials which thrive without 
yearly tillage, producing roughage of 
good, quality with little expense for 
labor. The grasses are also of great im- 
portance for building up the soil by add- 
ing humus. Moreover, they bind the soil 
together and prevent erosion because of 
the tremendous root systems. It has been 
estimated that in the top three inches 
of soil in a field of Kentucky bluegrass 
there are over 160,000 miles of roots per 
acre. 1 

The grasses are divided into two 
classes — the sod-formers and the non- 
sod-formers. The sod-formers, which 
spread by creeping rootstocks either 
above or below ground and make a 
smooth turf, include our most valuable 
pasture and lawn grasses, such as Ken- 
tucky bluegrass and Bermuda grass. The 
non-sod-formers, such as orchard grass, 
grow in tufts or bunches and increase 
only by seed or by stooling, except in the 
case of a few, such as timothy, which 
also increase to a limited extent by form- 
ing new bulb-like enlargements at the 
base of the stems. 

The effect of various factors on the 
composition of pasture and hay crops has 
been discussed in Chapters XIII and 
XIV. Also, information is there given 
about the use and management of pas- 
tures and concerning haymaking. 

561. Combinations for meadows 
and pastures. — A mixture of one or more 
grasses, combined with suitable legumes, 
is generally preferable to any single va- 
riety of grass for permanent pastures or 
meadows. Not only will the mixture pro- 
vide a larger yield, but also the stand 


will be more permanent. A simple mix- 
• ture, such as alfalfa or Ladino clover 
with a single grass, such as bromegrass, 
timothy, or orchard grass may be equal 
to or even excel a more complex mixture. 
Advice concerning the best mixture for 
local conditions can readily be secured 
from the county agricultural agent or the 
state college of agriculture. 

For permanent pastures the chief 
reliance should be placed on those plants 
that are high-yielding and also perma- 
nent. However, some grasses of this type, 
such as Kentucky bluegrass, require time 
to become well established. It is, there- 
fore, advisable to include with such a 
grass quick-growing plants to furnish 
forage while the slower-developing kind 
is becoming established. For this reason, 
such species as timothy and alsike clover 
are very often added to pasture mixtures, 
although these plants will usually be 
crowded out in a few years by the 
longer-lived kinds. 

562. Composition and nutritive 
value of the grasses. — Before we con- 
sider tjte characteristics and usefulness 
of thejParious grasses, it is important to 
understand their general composition and 
nutritive value. While differing to some 
extent in palatability and feeding value, 
most of the grasses resemble each other 
in composition and value. 

The great differences in composition 
and nutritive value of grasses at young 
stages of growth and when they are more 
mature have been emphasized in Chap- 
ters XIII and XIV. On the dry basis, 
young grass is far higher in protein, min- 
erals, and vitamins than more mature 
grass, and it is much lower in fiber and 
especially in lignin (which has little 
feeding value). Young grass therefore is 
much higher in total digestible nutrients 
or net energy than at later stages. 
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When grass becomes mature and 
weathered, it resembles straw in compo- 
sition and feeding value. It is poor in 
protein, it is low in digestibility, it may 
be very deficient in phosphorus, and it 
has practically no carotene. 

The great changes in composition 
as grass advances in growth greatly 
affect the palatability and nutritive value 
of grass hay and of pasture forage. Early- 
cut grass hay from well fertilized fields 
may equal or approach legume hay in 
value for dairy cows and beef cattle, ex- 
cept that it is lower in protein and 


dehydrated very young forage from grass 
or small grains can be used for this pur- 
pose. (416, 586) 

When grass hay is fed as the only 
roughage or with other non-legume 
roughage to dairy cattle, beef cattle, 
sheep, brood mares, or growing colts, 
ground limestone or some other calcium 
supplement should be supplied, unless 
one knows that the hay has plenty of cal- 
cium. The amount of protein supplement 
that is required to balance such a ration 
will ordinarily furnish sufficient phos- 
phorus. 



A Heavy Crop of Mixed Legumes and Grass 

Such mixtures provide excelle% hay or silage, much richer in protein than that from 
grass alone. (From New York Statelbollege of Agriculture.) 




therefore a greater amount of protein 
supplement is needed with it. Such early- 
cut grass hay is even satisfactory for 
sheep, if fed with some legume hay or 
silage. On the other hand, late-cut grass 
hay is a poor roughage for milk cows and 
still poorer for sheep. When such hay 
must be used up, it is most suitable as 
part of the roughage for wintering beef 
breeding cows, stocker cattle, or well- 
grown dairy heifers, or for feeding horses 
or mules. 

Even early-cut grass hay cured in 
the ordinary manner is not a satisfactory 
substitute for alfalfa or other legume hay 
in feeding swine or poultry. However, 


Mixed grass-and-legume hay is de- 
cidedly superior to grass hay, wherever 
legume hay crops thrive. Not only will 
a suitable combination usually produce 
much more hay per acre than grasses 
alone, but also the hay will have a higher 
value. It will be considerably richer in 
protein, both because of the higher pro- 
tein content of legume forage and also 
because grasses themselves usually con- 
tain more protein when grown in com- 
bination with legumes. Mixed hay is also 
higher in calcium and in vitamins than 
grass hay, and it will usually be more 
palatable as well. Mixed hay high in the 
proportion of legumes is best for dairy 
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cattle, beef cattle, and sheep, while that 
lower in legumes is most suitable for 
horses and mules. 

Young, actively-growing grass pas- 
ture on fertilized fields is good for all 
classes of stock, even swine or poultry. 
However, wherever pasture legumes 
thrive, a combination of grasses and a 
suitable legume will produce much more 
feed and over a longer period. Also, the 
forage will be more nutritious, because’ 
of its much higher content of protein, 
minerals, and vitamins. Grass pasture 
practically never produces bloat in cat- 
ie or sheep, and trouble with bloat from 
•gume pasture may largely be avoided 
by Combining legumes with grass. For 
swine and poultry, pure legume pasture 
or a combination high in legumes is gen- 
erally greatly superior to grass pasture. 

563. Grass hay and mixed hay for 
dairy cattle. — Timothy or other grass 
hay of the usual quality is much inferior 
to legume or mixed hay for daily cows. 
It is not only of decidedly lower value, 
but also the cattle will not eat as much 
of such grass hay as they will of legume 
hay. Consequently, in order to secure 
good milk production on grass hay, cows 
must be fed a considerably greater 
amount of concentrates than is needed 
with good legume hay. Grass hay of 
average quality is unsuited for young 
dairy calves. 

Early-cut grass hay, especially from 
fields well fertilized with manure or com- 
mercial nitrogen fertilizer, can be used 
successfully as a substitute for legume 
hay in feeding dairy cattle during the 
winter. Such timothy or other grass hay 
will generally be considerably higher in 
protein than grass hay of the usual sort, 
and it is also soft and well liked, instead 
of being harsh, stemmy, and unpalatable. 

Unless timothy or other grass hay 
is early-cut and of excellent quality, the 
milk yield will be decidedly lower when 
it is fed to cows as the only roughage 
than when better hay is fed. 2 This is 
true even when the ration is balanced 
with protein supplements. If grass hay 
is fed in an unbalanced ration, without 
protein supplements, then the yield of 
milk will be seriously reduced. 3 


When timothy or other grass hay 
must be fed to dairy cows without any 
legume hay, it will give better results if 
silage is used as part of the roughage. 

Also, one should be careful to feed a cal- 
cium supplement, unless he is sure it is 
not needed. 

When there is a very limited 
amount of legume hay for the herd, it 
is best to give the cows one feed of leg- 
ume hay a day, rather than to feed it 
more liberally for a time and use it all 
up during a part of the winter. Foresight 
is needed to store the various kinds and 
qualities of hay in the barn so this will 
be possible. 

Feeding some legume hay to cows 
during the dry period is very important. , * 

At this time they have the greatest ability V | 

to regain the store of calcium and phos- 
phorus which may have been lost from 
their bodies during high milk production. 

(1037) 

564. Early-cut versus late-cut grass 
hay for dairy cows. — The great differ- 
ence between the value for dairy cows 
of early-cut grass hay from well fertilized 
fields and late-cut, poor-quality grass 
hay has been clearly proved in feeding 
experiments. In New York trials one 
group of cows was fed throughout each 
winter on early-cut, well fertilized timo- 
thy hay, along with corn silage and a 
suitable concentrate mixture. 4 Another 
was fed good alfalfa hay, corn silage, and 
a coiAntrate mixture enough lower in 
protfll to provide the same percentage 
of protein in each ration. Minerals were 
addfa to each ration. 

The timothy-hay ration produced as 
much milk as the alfalfa-hay ration and 
maintained the live weights of the cows 
just as well. Also, the cows liked the 
timothy hay fully as well as the alfalfa 
and refused no larger proportion, the re- 
fuse of both kinds of hay being less than 
2 per cent. Similar results were secured 
in a Wisconsin trial and another New 
York experiment. 5 

In strong contrast to these results 
are those secured with late-cut, poor- 
quality timothy hay in experiments by 
the United States Department of Agricul- 
ture. 6 Cows broke down on the average 
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in about a year and a half and died or 
became sterile, when fed such timothy 
hay and a suitable concentrate mixture, 
without any pasture but in some cases 
with a limited amount of corn silage. Be- 
cause of the lack of carotene in the hay, 
the calves from cows thus fed were born 
dead, or else weak and blind. The vita- 
min content of the milk was so low that 
it was impossible to raise calves from 
well-fed cows on the vitamin-deficient 
milk, unless a vitamin A supplement was 
added. In contrast to these results, a cow 
kept on only grain and good timothy hay 
(United States Grade No. 1) for 4 years 
gave birth during this period to 3 normal 
calves. 

The cows fed poor-quality timothy 
hay showed a great desire to steal alfalfa 
hay from their neighbors fed alfalfa hay, 
and when they were fed alfalfa in addi- 
tion, the disasters were prevented. It was 
surprising that although cows were suc- 
cessfully fed on good alfalfa hay as the 
only roughage for similar lengths of time, 
they showed an eagerness for hay of 
some other kind. The best results were 
secured when high-quality alfalfa hay and 
timothy hay were both fed, so the cows 
could eat as much as they wished of 
each. 

It should be pointed out that the 
conditions of these experiments were un- 
natural and most severe, since the cows 
had no pasture or other fresh green feed 
at any time. Though poor-qualit* grass 
hay is unsatisfactory for dairy cats, it 
will not produce such disastrous "suits 
when fed as the only or the chief Agh- 
age during the usual barn-feeding 
period. 

The great differences between early- 
cut and late-cut grass hay are also clearly 
shown by New HamjDshire metabolism 
experiments with dairy cows. 7 Timothy 
hay cut before bloom furnished 44 per 
cent more net energy than did that cut 
after the seed had formed. While only 
about one-third of the protein in the late- 
cut hay was digestible, about 60 per cent 
of that in the early-cut hay was digested. 
When supplied as the only feed, the late- 
cut hay furnished barely enough nutrients 
for maintenance, but the early-cut hay 


supplied sufficient for maintenance and 
the production of 8 to 10 Ibs. ^f milk a 
day. 

565. Grass hay for beef cattle. — 
While grass hay of the usual quality is 
much less valuable than legume hay for 
beef cattle, such hay will produce satis- 
factory results when it is properly used. 
A sufficient amount of protein supple- 
ment should be provided to balance the 
ration, and if little or no legume hay is 
fed, ground limestone or some other cal- 
cium supplement should be supplied. 

Grass hay can be used best when 
fed with a limited amount of legume hay 
or else with silage. Also, it n^ore nearly 
approaches legume hay in yalue for win- 
tering beef cows or stacker cattle than 
for fattening cattle, or for wintering 
calves. Early-cut grass hay frd&h well- 
fertilized fields is of decidedly higher 
value than late-cut hay from iNj worn-out 
meadows. 

When good-quality grass "hay is fed 
to fattening cattle with proper protein 
and calcium supplements, the gains may 
be as rapid as with legume hay. How- 
ever, much more protein supplement will 
be needed to balance the grass-hay ration 
and generally more feed will fee re- 
quired per 100 lbs. gain. The grass hay 
will therefore be worth considerably less 
per ton than legume hay. 

For example, in Oklahoma tests fat- 
tening calves fed prairie hay as the only 
roughage in a properly supplemented ra- 
tion made as good gains as others fed al- 
falfa hay, but the prairie hay was worth 
only 39 per cent as much per ton as the 
alfalfa. 8 In similar Kansas trials prairie 
hay, fed along with sorghum silage and 
grain and supplemented with cottonseed 
meal and ground limestone, was* worth 
fully two-thirds as much as alfalfa hay. 0 

566. Grass hay and mixed hay for 
sheep.— Pure grass hay is much less satis- 
factory for sheep than it is for beef cat- 
tle, even when supplemented with pro- 
tein and calcium. Far better results are 
secured with mixed legume-and-grass 
hay, or when grass hay is fed along with 
some legume hay. 10 For example, in an 
Ohio trial with fattening lambs timothy 
hay was decidedly inferior to alfalfa hay 
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as the only roughage, but a combination 
of equal amounts of the two kinds of 
hay was only slightly inferior to the al- 
falfa hay. 11 

Early-cut grass hay is much better 
than late-cut hay for sheep. Thus, satis- 
factory results were secured when timo- 
thy hay cut in early bloom was fed with 
corn silage and with 0.8 ounce of ground 
limestone per head daily and plenty of 
protein supplement to pregnant ewes in 
Ohio trials. 12 On the other hand, when 


legume hay. Also, the protein require- 
ments are low for mature horses, except 
brood mares nursing foals. 

For growing colts and for brood 
mares, well-cured mixed grass-and-leg- 
ume hay or legume hay is better than 
pure grass hay, because of its higher con- 
tent of protein, calcium, and vitamins. 

568. Timothy. — In this country tim- 
othy ( Phleum pratense ) is by far the 
most important hay grass and also the 
most widely-used pasture grass for short- 



Cutting A Heavy Crop of Mixed Timothy and Legume Hay 

Mixed timothy and clover or timothy and alfalfa hgy produces a much higher yield and 
has a greater value for all stock, except horses, than doBpure timothy hay. (From New York 
State College of Agriculture. ) Wff 


late-cut timothy replaced the early-cut 
hay as the only roughage, the ewes lost 
weight, became thin and weak, produced 
lambs lacking in vigor, milked poorly, 
and showed a decided tendency to shed 
the fleece because of weakened wool 
fibers. 

567. Grass hay and mixed hay for 
horses and mules. — For work horses or 
mules and for light horses, good timothy 
hay or other grass hay is unexcelled and 
is taken as the standard with which other 
hays are compared. Grass hay has this 
high place in feeding work stock and ma- 
ture horses in general because it is much 
less apt to be dusty or moldy than is 


timJ®pasture seedings. It is distinctly 
a northern grass and does not thrive 
where the summers are too hot and 
hifmid. Timothy is usually seeded in 
small grain, and a mixture of timothy 
with clover or alfalfa is commonly used 
instead of the grass alone. Such a mix- 
ture produces a considerably greater 
yield, and even more important, the 
mixed hay has a higher value for all 
classes of stock except mature work 
horses and mules or light horses. 

If conditions are favorable for clo- 
ver, the first cutting of hay, the year 
after seeding a combination of timothy 
and clover, will be largely clover. A still 
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larger proportion of the second cutting 
will be clover, for timothy does not pro- 
duce much second crop, unless cut ex- 
tremely early. Except in a few districts, 
most of the clover, especially red clover, 
dies at the close of the second year. The 
decaying clover roots then furnish nitro- 
gen for the timothy, so that a larger yield 
of the grass is obtained the next sea- 
son than would otherwise be the case. 
On many farms timothy is regularly used 
for pasture for a year or more after it 
has been cut for hay one or two sea- 
sons. 

A field is often left in timothy for 
too many years. When this is done, the 
yield will usually become too low to be 
profitable, unless the meadow is well fer- 
tilized with manure or other fertilizer 
containing nitrogen, as well as phos- 
phorus. Sometimes farmers continue to 
speak of hay as “mixed hay” or “clover- 
and-timothy hay” when practically all 
the clover has died out, and there is 
actually only a trifle of clover. 

Though numerous experiments have 
shown that clover or alfalfa hay is greatly 
superior to the usual kind of timothy hay, 
timothy continues to be popular for the 
following reasons: It thrives on soil that 
is too acid or too poorly drained for al- 
falfa or red clover. The seed is cheap and 
generally of high quality. A good stand 
of timothy is quickly established, and it 
usually holds well in meadows. The grass 
seldom lodges, it may be harvest® over 
a longer period than most grassespfeid it 
is easily cured into bright, clearj^hay 
which is free from dust and whidPcan 
be handled with little waste. 

Experiments have shown clearly 
that when quality and yield of hay are 
both considered, it is best to cut timo- 
thy not later than early bloom, for all 
classes of stock except horses and 
mules. 13 If the crop is cut later than early 
bloom, the yield of hay may be a trifle 
larger, but the quality is much poorer. 
Also there will be less second growth, 
which is excellent for late summer and 
fall pasture. The early-cut grass is a little 
more difficult to cure than that cut late, 
but this fact is much more than offset by 
the higher feeding value of the hay. 


Continued cutting of timothy before 
bloom is apt to injure the stand. 

For work horses and mules and for 
saddle and driving horses, hay cut in full 
bloom is preferable, for that cut too early 
may be unduly laxative. However, even 
for horses and mules the cutting should 
not be delayed much after full bloom, 
or the grass will become tough and 
woody. Much more timothy hay is cut 
too late than too early. 

Where fields in the regular crop ro- 
tation are used for pasture, timothy is 
usually the most common pasture grass 
in the area where it thrives. At early 
stages of growth timothy pasture is liked 
even better than bluegrass by stocks 

Ordinary timothy is gradually 
crowded out of permanent pastures by 
the sod-forming grasses. Pasture-type va- 
rieties have therefore been developed 
which last bejtter in pastures. Varieties 
have also been bred which are both 
later and earlier ordinary timothy. 

569. Timothy ahd timothy-legume 
hay for horses. — Except for mature 
horses and mules, mixed timothy-and- 
clover or timothy-and-alfalfa hay is su- 
perior to pure timothy hay or hay from 
other grasses. For mat horses and 
mules, timothy hay is vjJje standard 
roughage with which others are com- 
pared. Timothy hay has this high value 
for such horses and mules because it is 
usually freer from dust and mold than 
is legume hay. Also, these animals need 
but relatively little protein, calcium, and 
vitamins. Therefore legume hay, which is 
much richer than timothy in these nu- 
trients, does not have the same advan- 
tages for them that it does for dairy cows, 
growing animals, or sheep. For colts and 
brood mares mixed timothy-and-legume 
hay is superior to pure timothy hay, on 
account of its higher content of .protein, 
calcium, and vitamins. 

570. Timothy hay for other stock. — 

It has been shown earlier in this chapter 
that early-cut timothy hay from well- 
fertilized land Is a satisfactory hay for 
dairy cows, when legume hay or mixed 
hay is not available. (564) On the other 
hand, late-cut timothy hay or that which 
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is otherwise of low quality is a poor feed dry. It requires a well-drained, fertile 
for milk production. soil, and is not so well suited to wet soils 

Timothy hay grown on fertile soil as is red top. The combination of blue- 
and cut early is also much better than grass and white clover makes an es- 

ordinary timothy for beef cattle. Steers pecially good permanent pasture. There- 

which were wintered on only timothy fore bluegrass should generally be grazed 
hay which had been grown, on well-fer- closely enough to encourage the growth 
tilized land gained 1,2 lbs. a day in a of white clover. 

Minnesota test, while others fed ordinary The fact that bluegrass is one of the 

timothy gained only two-thirds as richest of grasses in protein helps explain 
much. 14 When ordinary timothy hay is- the fondness for it shown by stock. Be- 

used for beef cattle, one must feed con- fore heading out in the spring, bluegrass 



Reef Cattle Fattening on Bluegrass Pasture 


In the northern half of the United States, Kentucky bluegrass is by far the most im- 
portant grass in permanent pastures. 

siderably , larger amounts of grain and usually contains nearly 20 per cent pro- 
also /of protein supplement than are tein, if dried to a hay basis. Also, when 
needed with better roughage. 15 the grass is kept actively growing by 

The .very unsatisfactory nature of proper fertilization and management of 
late-cut timothy or other grass hay for the pasture and is not permitted to head 
sheep’- ha*/ been emphasized earlier in out, the percentage of protein will be 
this chapter,: (566) Though early-cut nearly as high later in the season. On the 
timothy hay of good quality can be used other hand, bluegrass in bloom or later 
in sheep feeding, legume hay or mixed is low in protein and high in fiber. While 
hay is decidedly superior. 18 bluegrass is much less nutritious at the 

571 , Kentucky bluegrass.— Ken- late stages of growth, even then it is 
tucky bluegrass ( Poa pratensis ), com- grazed more readily by stock than most 
monly called merely bluegrass or June other mature grasses, 
grass, ranks first as a pasture and lawn In Pennsylvania experiments blue- 

grass in the northern half of the United grass at a good pasture stage excelled 
States, except where the climate is too timothy, bromegrass, orchard grass, al- 
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falfa, and Ladino clover in amount of 
total digestible nutrients or metaboliz- 
able energy per pound of dry matter. 17 
In Kentucky pasture trials with sheep, 
bluegrass ranked high among various 
pastures in daily intake of total digestible 
nutrients. 18 

Bluegrass starts growth early in 
spring and soon provides excellent pas- 
turage. It is a cool-weather grass and be- 
comes dormant in hot, dry weather. 
Therefore it often furnishes but little for- 
age in midsummer. It starts growth again 
with the coming of fall rains and fur- 
nishes first-rate fall pasturage. 

There is thus generally a decided 
shortage of feed on bluegrass pastures in 
midsummer. Plans should accordingly be 
made to furnish plenty of other forage at 
this time by one of the methods dis- 
cussed earlier. (382) This is especially 
important in the case of milking cows, 
or else they will fall off seriously in pro- 
duction. Sometimes a bluegrass pasture 
is stocked rather lightly in the spring, so 
there will be some grass left to provide 
feed later. However, such mature growth 
is not very palatable or nutritious. Also, 
if the bluegrass is allowed to grow up in 
this manner, the shade will tend to kill 
out the white clover, which is a most 
valuable part of the best permanent pas- 
tures. 

Old, run-down bluegrass pasture 
can be greatly improved through “reno- 
vating” it by disking, applying lime and 
fertilizer, and reseeding to legumes 
which are suited for pasture in the par- 
ticular locality. (379) The legume-blue- 
grass combination will produce consider- 
ably more total forage during the season. 
Still more important, it will furnish much 
more feed in midsummer. 

For swine, bluegrass furnishes ex- 
cellent spring and fall pasture, but al- 
falfa, red clover, or rape is far superior 
in midsummer. Several experiments have 
been conducted to compare bluegrass 
with these pastures for swine. 19 Gener- 
ally, pigs have gained less rapidly on 
bluegrass than on such pastures as al- 
falfa, red clover, or rape. Even more im- 
portant, considerably more grain and 
other concentrates have been required 


per 100 lbs. gain by the pigs om'blue- 
grass. In certain tests where : bluegrass 
pasture had a considerable pro'gjjprtiG’li of 
white clover, it more closely approached 
the better pastures. Since bluegrass and 
other grasses are lower in protein than al- 
falfa, clover, or rape, a somewhat larger 
amount of protein supplement is needed 
to balance the ration of pigs fed grain on 
grass pastures. 

Because of its low, spreading 
growth, bluegrass does not make a good 
yield of hay. If cut in early bloom, the 
hay is nearly equal to timothy. However, 
most bluegrass hay, such as is cut along 
the roadside after the grass has gone to 
seed, is of low feeding value. 

572. Red top. — Red top ( Agrostis 
alba) is suited to a wider range of cli- 
mate and soil than any other cultivated ] 
grass. It ranks next to bluegrass in im- 
portance as a pasture grass in the Unitec} 
States. A couple of years after seeding 
it forms a close, smooth sod/ almost as 
dense as bluegrass. Red top is excellent 
for damp land, and yet it stands con- 
siderable drouth. It endures on poor up- 
lands and on soils too acid for most other 
grasses, and it may be grown farther 
south than timothy or bluegrass. It does 
not respond well to fertilization. Red top 
is an important hay grass in New Eng- 
land. 

Red-top pasture or hay is only fair 
in palatability. Therefore red top is usu- 
ally grown only where better-liked 
grasses do not thrive, and it is commonly 
seeded with other grasses and the clo- 
vers. 

573. Rromegrass. — Smooth brome- 
grass ( Bromus inermis ), usually called 
bromegrass or merely “brome” in this 
countiy, has become one of the most im- 
portant grasses in the northern and cen- 
tral states for use in legume-grass mix- 
tures for pasture, hay, or silage. (378, 
382, 469, 477) It has its highest value 
in most areas when grown in such a mix- 
ture. 

Brome is one of the most palatable 
of grasses and it retains its palatability 
and nutritive value at much later stages 
of growth than most grasses. 20 It starts 
growth early in the spring and continues 
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wel| during the summer, because of its 
drouth resistance. It produces much 
more aftermath than timothy. Brome 
will not tolerate continuous close graz- 
ing, resembling alfalfa in this respect. It 
is deep rooted and does best on a well- 
drained fertile soil. 

Bromegrass is slower than timothy 
to become established after seeding. This 
is not a disadvantage when it is grown 
with alfalfa, for it permits the alfalfa to- 
get well started first. When grown alone, 
bromegrass usually declines greatly in 
productivity after 3 or 4 years, because 
of a lack of nitrogen, for it is a heavy 
feeder. It was formerly thought that this 
was, caused by a “sod-bound” condition, 
but the vigor of the stand can be re- 
stored l^y applying manure or a com- 
mercial nitrogen fertilizer. This condi- 
; tion does not occur when bromegrass is 
grown with alfalfa, as the legume plants 
help furnflji the nitrogen needed by the 
grass. EvSn after the alfalfa dies out, 
bromegrass continues to thrive for a year 
or two, because of the nitrogen supply 
left by the alfalfa. 

Bromegrass makes good hay when 
cut when in bloom or even a little later, 
but legume-brome hay is, of course, de- 
cidedly superior for most stock. 

Brome-legume pasture ranks high 
in yield and value. Even for pigs or poul- 
try, brome alone provides better pasture 
than most other tall grasses. 21 

Except in the extreme northern part 
of the United States and in Canada, 
southern strains of bromegrass developed 
from Nebraska southward, are decidedly 
more vigorous and productive than the 
northern strains. Certain varieties have 
been developed which spread less vig- 
orously and crowd out alfalfa less. 

574. Bromegrass meal. — Brome- 
grass meal, either dehydrated or field- 
cured, and made from brome cut before 
heading, can be used like alfalfa meal as 
a vitamin supplement for swine. 23 Such 
bromegrass meal may have as much caro- 
tene as alfalfa meal. 

575. Orchard grass. — Orchard grass 
( Dactylis glomerata ) is a long-lived 
perennial that grows in nearly every state 
of this country. It is called cocksfoot in 
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England. Orchard grass does not stand 
cold winters as well as timothy, but it 
can endure more heat in summer and 
does better on soil of low fertility. It is 
grown most widely in a broad belt south 
of the middle of the corn belt. Here it is 
used as a substitute for timothy, and is 
usually seeded with clover. Ripening two 
weeks before timothy, it fits in well with 
red clover. North of this belt, timothy is 
superior, chiefly because it is hardier and 
the seed is much cheaper. 

Orchard grass grows in bunches or 
tufts, forming an uneven sod, and hence 
should be sown with clovers or other 
grasses, both for hay and for pasture. It 
does better in partial shade than most 
grasses and owes its common name to 
this characteristic. 

Orchard grass is used mostly for 
pasture, especially in combination with 
a legume, such as alfalfa, Ladino clover, 
or annual lespedeza. It starts growth 
early in the spring, is high yielding, en- 
dures drouth well, and continues growth 
late in the fall. It does not stand continu- 
ous close grazing, but it is not palatable 
if it grows up tall, for it becomes very 
coarse and woody. Therefore the pas- 
ture should be stocked heavily enough 
to keep the rapidly-growing grass from 
heading out, and it should be clipped, 
if necessary. 

Orchard grass is excellent in a mix- 
ture for a pasture which is not too large, 
and which is to be grazed heavily early 
in the season. It should not generally be 
included in a mixture for seeding a large 
acreage of pasture, for it may then be 
difficult to get it grazed down in the 
spring before it becomes unpalatable. In 
Maryland trials orchard grass-Ladino clo- 
ver pasture was excellent for beef cat- 
tle. 23 Orchard grass is less useful for 
sheep pasture. In Kentucky tests of sev- 
eral pastures it ranked low in amount of 
total digestible nutrients consumed daily 
by sheep. 24 

While late-cut orchard grass makes 
poor, woody hay, that cut not later than 
early bloom is equal to timothy. Orchard 
grass furnishes more second growth than 
any other hay grass adapted to northern 
conditions. 
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Early-cut orchard grass-legume mix- 
tures make good hay-crop silage. 

576. Bermuda grass. — In the south- 
ern states this sod-forming grass ( Cy~ 
nodon dactylon) is the most important 
pasture grass and also lawn grass. It 
does not survive northern winters. Com- 
mon Bermuda grass does not grow tall 
enough for hay, except on the more fer- 
tile soils, but taller varieties have been 
developed which provide both pasture 
and hay. Of these varieties Coastal Ber- 
muda grass is most widely grown. It pro- 
duces more growth in the fall, remains 
green longer, and is more resistant to leaf 
spot disease. Suwanee Bermuda grass, 
another tall-growing variety, is especially 
well adapted to sandy soil. 

Bermuda grass is commonly prop- 
agated by planting sprigs (pieces of the 
rootstalks). Common Bermuda is some- 
times seeded, but Coastal and Suwanee 
produce few viable seeds and must be 
propagated with sprigs or pieces of sod. 

Bermuda grass forms a dense sod 
but does not provide pasture over so long 
a season as does carpet grass or Dallis 
grass. It is late in starting in the spring 
and ceases growth with the first frosts in 
fall. Bermuda provides the best pastur- 
age when closely grazed, as otherwise it 
becomes tough and wiry. It stands drouth 
well. 

If possible, Bermuda should be 
grown in combination with a legume — 
lespedeza for summer pasture or crimson 
clover, white clover, or bur clover for 
winter pasture when Bermuda is dor- 
mant. 

Bermuda hay is about equal to timo- 
thy in value. By heavy nitrogen fertiliza- 
tion of Coastal Bermuda large yields of 
hay can be secured, much higher in pro- 
tein than ordinary grass hay. (372) 

577. Prairie grass and hay; wild 
hay. — The value of native or wild grasses 
for pasture or hay varies widely in dif- 
ferent regions, depending on the climate, 
the soil, and the kinds of grasses. The 
native grasses are of especial importance 
in the western states, where they furnish 
the chief forage on the ranges and also 
much of the hay. Among the leading 
species of native grasses on the western 


prairies are the grama grasses, the wheat- 
grasses, the bluestems, and ’ buffalo 
grass. * ;■ ' 

The importance of wild hay, includ- 
ing prairie and marsh hay, in the United 
States is shown, by the fact that the acre- 
age of such hay is about two-thirds that 
of alfalfa. The total amount of wild hay 
produced is, however, only about one- 
fourth as great as the production of al- 
falfa hay, because the average yield is 
less than 1 ton per acre. 

The grasses on the western moun- 
tain meadows and on the upland prairies 
are generally highly nutritious and palat- 
able when actively growing. They then 
furnish excellent pasturage and also ipake 
hay about equal to timothy, when the 
growth is tall enough to be cut. 

On the other hand, grass which has 
matured may have a very low feeding 
value, because of weathering and leach- 
ing, as has been pointed out previously. 

( 362 ) Such pasturage may even produce 
nutritional trouble, owing to lack of pro- 
tein, carotene, or minerals. If there is lit- 
tle or no rain after the grass matures, 
there is much less loss through weather- 
ing, and the dried mature grass may fur- 
nish satisfactory feed, except that it will 
be low in carotene (vitamin A value). 

In certain forest range areas of the 
southeastern Coastal Plain, tall-growing 
reeds, or switch cane, furnish most of the 
feed for beef cattle, even during the win- 
ter. North Carolina experiments show the 
advisability of feeding a protein supple- 
ment to beef cows wintered on reed pas- 
ture, because the forage is then very low 
in protein. 25 

Prairie hay cut when still green is 
similar to timothy hay in composition and 
feeding value, although usually some- 
what higher in protein. Since prairie hay 
is readily cured and the weather in the 
prairie region is usually good .for hay- 
making, prairie hay harvested at a rea- 
sonably early stage has a good content 
of carotene. In Oklahoma experiments 
dairy cows remained healthy when fed 
continuously for 3 years only good prairie 
hay with cottonseed meal, which sup- 
plies no carotene. 28 In other Oklahoma 
tests only 8 lbs. of good prairie hay a day 
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as the only source of carotene was suffi- 
cient for normal reproduction. 27 

Prairie hay differs widely in value, 
however. Arkansas experiments show 
that sometimes it may b„e unsatisfactory 
as the only roughage over long periods. 28 

Much prairie hay or other native hay 
is cut far too late to have good feed- 
ing value. Often it is not cut until late 
fall when farm work is less pressing. Ex- 
periments have shown that reasonably 
early cutting, not later than mid July, 
makes much better hay than such late cut- 
ting and also usually gives a greater 
yield, including the aftermath. 29 

The great difference in value of 
prairie hay due to time of cutting is 
shown by Nebraska experiments. 30 Beef 
calves wintered on only prairie hay 
gained 0.29 lb. a day on hay cut reason- 
ably early, gained only 0.10 lb. a day on 
hay cut in early August, and lost 0.18 
lb. a day on hay cut in September. 

Marsh hay is usually decidedly in- 
ferior in value to hay from upland mead- 
ows, though bluejoint ( Calamagrostis 
Canadensis ), cut before maturity, nearly 
equals timothy in value. Marsh hay may 
often be used satisfactorily for horses and 
mules, especially those which are idle or 
not working hard. It is ordinarily not well 
suited to dairy cattle or sheep. In a re- 
cent North Dakota trial in which lambs 
were fattened on mixtures of chopped 
hay and concentrates, the gain in weight 
was satisfactory when chopped marsh 
hay replaced half the alfalfa hay, but 
considerably more feed was required 
per 100 lbs. gain. 31 

The marsh hay of the western 
mountain districts, though consisting 
largely of sedges and rushes, is usually 
of higher value than such hay in the east- 
ern states. 

578. Prairie hay for dairy cattle. — 
In the preceding discussion it has been 
shown that prairie hay of first-rate qual- 
ity can be used successfully as the only 
roughage for dairy cows, even for long 
periods. In 4 Oklahoma tests good-qual- 
ity prairie hay (grading as U.S. No. 1, 
extra green) was compared with No. 1 
alfalfa hay as the only roughage for cows 
fed the usual amounts of concentrate 


mixture in addition. 32 To balance the 
ration in protein content, the concentrate 
mixture in the prairie-hay ration had 20 
per cent protein, while a mixture with 
only 15 per cent protein was fed with the 
alfalfa hay. On prairie hay the yield of 
fat-corrected milk was 25.8 lbs. per head 
daily, in comparison with 26.4 lbs. on 
alfalfa hay. Taking into consideration 
the additional cost of the greater amount 
of protein supplements needed with it, 
prairie hay was worth on the average 87 
per cent as much per ton as the alfalfa 
hay. 

In another Oklahoma test good 
prairie hay was fairly satisfactory as the 
only roughage for dairy calves. 33 

579. Prairie hay for beef cattle. — 
In the western range areas beef cattle 
are often wintered on prairie hay as the 
chief feed. 34 Early-cut prairie hay alone 
will usually furnish plenty of protein for 
wintering yearling or older cattle or beef 
cows. When calves are wintered on 
prairie hay of usual quality as the only 
roughage, they will need 0.5 to 1.0 lb. 
of protein supplement per head daily 
and perhaps a little grain to make as 
good gains as when fed alfalfa hay alone. 
In Oklahoma trials prairie hay, properly 
supplemented, was worth about three- 
fourths as much per ton as alfalfa hay 
for wintering calves. 35 In another Okla- 
homa test it took 1.8 tons of sorghum si- 
lage to equal 1 ton of prairie hay in feed- 
ing value. 36 

580. Prairie hay for sheep. — Good 
prairie hay can be used satisfactorily as 
the only roughage for wintering breeding 
ewes, if they are fed both protein and 
calcium supplements. 37 It is decidedly 
unsatisfactory for wintering ewes or other 
sheep, when it is the only feed or when 
fed with grain, without protein and cal- 
cium supplements. 38 

Prairie hay, even of good quality, is 
worth considerably less than legume hay 
as roughage for fattening lambs, though 
properly supplemented with protein and 
calcium. For example, in Minnesota tests, 
although lambs made satisfactory gains 
on prairie hay, shelled corn, linseed meal, 
and ground limestone, the prairie hay 
was worth only 59 per cent as much per 
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ton as alfalfa hay. 39 Very unsatisfactory 
results have been secured when prairie 
hay was not supplemented with protein 
or calcium. 

Lambs fattened on legume hay as 
the only roughage will usually make con- 
siderably more rapid gains than those fed 
prairie hay. In Oklahoma experiments 
the feed allowed lambs on an alfalfa hay 
ration was restricted a little, so that the 
gains on prairie hay and on alfalfa hay 
would be equal. 40 This was done so as 
to determine the approximate net energy 
value of prairie hay in comparison with 
that of alfalfa hay. (81) Thus fed, the 
value of the prairie hay was 87 per cent 
that of alfalfa hay. When fattening 
lambs are full-fed for rapid gains, there 
would, of course, be a greater difference 
in favor of alfalfa hay. 

581. Prairie hay for horses and 
mules. — Prairie hay of good quality is a 
first-rate roughage for horses and mules, 
as it is free from dust and is well liked 
by them. It can be used in the same man- 
ner as timothy hay. 

582. The small grains for forage. — 
In certain regions the small grains are 
very important forage crops, being used 
for hay or pasture and occasionally as 
soiling crops or for silage. In the Pacific 
Coast states the small grains are im- 
portant as hay crops, ranking next to 
alfalfa in acreage. Barley and wheat are 
the chief grains used for hay in this dis- 
trict, and much hay is also made from 
volunteer stands of wild oats. The use 
of straw for feeding is discussed later in 
this chapter. (620-624) 

While the small grains are relatively 
low in protein at a hay stage, they are 
very rich in protein at the early stages 
of growth. For example, green rye, 
wheat, or oats before heading out will 
contain 20 per cent or more of protein, 
if dried to the same moisture content as 
hay. Such young forage is also very rich 
in carotene and the B-complex vita- 
mins. 

583. The small grains for pasture. 
— In the southern states and also in the 
prairie winter-wheat district, winter 
grain is widely used for pasture from fall 


to spring, whenever the weather is suit- 
able. Farther north, winter gra|n is a val- 
uable pasture for late fall and early 
spring, thus extending the usual grazing 
season. Spring-sown oats or barley are 
sometimes used for late spring and early 
summer pasture. 

In the North rye is generally su- 
perior to wheat for fall and spring pas- 
ture, because it is more hardy. Farther 
" south, wheat is preferable in some sec- 
tions. In the southern states winter oats 
or barley may be better than iye or 
wheat for winter pasture. In the portion 
of the winter-wheat belt from Kansas 
southward and in the South, winter grain 
can be grazed moderately from fall to 
early spring without much decrease in 
grain yield, if the growth by fall is nor- 
mal. Sometimes such pasturing even 
benefits the grain yield, as it prevents 
lodging. Care must be taken not to pas- 
ture the grain when the field is so wet 
that the stock will injure the crop by 
trampling. * 

Winter pasture on small grain or 
mixed small grain and legumes aids 
greatly in reducing the cost of milk pro- 
duction in the southern states. Not only 
does such pasture provide cheap feed, 
but also the milk yield is increased and 
the vitamin A content of the milk is kept 
much higher than when the cows are on 
permanent pasture in winter or are barn 
fed. 41 

Green rye of most varieties may give 
a marked flavor to milk, unless the cows 
are pastured on it for only 2 or 3 hours 
after milking. Balbo rye apparently has 
little such effect. 42 

The importance of winter grain pas- 
ture in reducing the cost of beef produc- 
tion is well shown by South ' Carolina 
experiments in which rye pasture was 
compared with sorghum silage as the 
chief feed for wintering steers. 43 The cost 
of harvested feeds averaged only 80 per 
cent as much per head for the steers pas- 
turing rye as for the others. In an Okla- 
homa test the feed cost of harvested 
feeds, per 100 lbs. gain, was only 60 per 
cent as much for lambs grazed on wheat 
pasture for 2 months and then finished 
on alfalfa hay and corn, as it was for 
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lambs fed alfalfa hay and corn in dry 
lot from start. 44 

Winter rye and winter wheat pro- 
vide excellent pasture for swine in late 
fall and early spring in the northern 
states, rivalling or excelling bluegrass in 
this respect. 45 In the central states these 
winter grains will also furnish consider- 
able forage during the winter, if there 
has been a good growth by the time cold 
weather comes on in the fall. In the 
South winter grains will provide good 
pasture for swine from fall until spring. 46 

Since young small-grain plants are 
rich in protein, on the dry basis, such 
pasture will save protein supplements in 
the same manner as alfalfa or rape pas- 
ture. Pigs on excellent small-grain pas- 
ture may make satisfactory gains when 
fed only corn and minerals. However, it 
is generally best to add a small amount 
of an efficient protein supplement, unless 
the pasture is unusually good. 

In the /t grain-growing districts of the 
Pacific Northwest, where the summers 
are dry, ripe small grain is sometimes 
hogged down, the pigs being turned in 
when the crop is nearly ripe. 47 In humid 
districts it is most economical to harvest 
the crop and feed the threshed grain. 48 

Especially on the grain farms of the 
West, stubble fields are important in eco- 
nomical pork production. Where the 
grain is harvested by means of a com- 
bine thresher, a considerable amount 
may be left ungarnered. Many farmers 
have hog-fenced their fields and turn pigs 
on the stubble to glean the scattered 
heads of grain. Gains made on such 
waste are almost clear profit. 

Occasionally, stock grazing winter 
wheat .'or oats in the southern plains 
states are affected by “wheat poisoning.” 
This is similar to or the same as grass 
tetany, which has been discussed in 
Chapter VI, where methods of prevent- 
ing the trouble and a treatment have 
been suggested. (179) 

584. Hay from the small grains. — 
Well-cured hay from the small grains re- 
sembles good timothy hay in composi- 
tion and feeding value, and it may be 
used similarly. On the Pacific Coast 
cereal hay is used extensively for horses 


and mules. It is satisfactory as the only 
roughage for mature horses and for win- 
tering beef breeding cows. For dairy cat- 
tle, for growing or fattening cattle, or 
for sheep, it should be fed, if possible, 
as only part of the roughage, along with 
legume hay or silage. 

A sufficient amount of protein sup- 
plement should be used to balance the 
ration, for cereal hay is low in protein. 
Also, it is wise to supply a calcium sup- 
plement when grain hay is fed as the 
only roughage, or with such non-legume 
roughage as corn or sorghum silage or 
fodder. 

Oats or barley make better hay than 
wheat, though barley hay may some- 
times be objectionable because of the 
beards. Rye hay is least desirable, as it 
is coarse and lacks palatability. 

In the northernmost states, where 
field peas thrive, a mixture of oats and 
peas is sometimes preferred to oats alone 
for hay, as such hay is more palatable to 
stock and considerably richer in protein. 
In the South, combinations of small 
grain with vetch or crimson clover are 
often used. 

The value of hay from the small 
grains in comparison with alfalfa hay or 
mixed hay differs considerably, depend- 
ing on the quality. In some tests oat hay 
or wild oat hay has been equal or nearly 
equal to alfalfa hay for beef cattle, while 
in another trial oat or barley hay was in- 
ferior to mixed clover-timothy hay for 
beef cows. 49 For wintering or fattening 
calves, a combination of half alfalfa hay 
and half grain hay is much better than 
grain hay as the only roughage. 50 

Grain hay should not be used as the 
only roughage for sheep, except in emer- 
gency. In Oregon experiments such a ra- 
tion resulted in many lambs being born 
weak. 51 Also, chopped grain hay was in- 
ferior to alfalfa hay as the only roughage 
for fattening lambs. 

The small grains should be cut for 
hay while the leaves and stems are still 
green, or the hay will be strawlike and 
low in palatability. In the semi-arid dis- 
tricts good hay can be made at a little 
later stage of maturity than in humid re- 
gions. Small-grain hay cut in the soft- 
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dough stage was higher in digestible nu- 
trients in tests in eastern Washington 
than earlier-cut hay, because of the 
greater proportion of kernels it con- 
tained. 52 In humid regions oats and 
wheat should be cut in the milk stage, 
except for horses, for which the soft- 
dough stage is prefeired. If rye is used for 
hay, it should be cut when in bloom. 
Cereals cut at an early stage cure rather 
slowly, and therefore care is necessary 
to get the hay sufficiently diy to prevent 
heating or molding after it has been 
stored. 

In the semi-arid districts oat hay 
and other small grain forage have occa- 
sionally caused the death of stock from 
poisoning, because of an accumulation of 
nitrates in the plants during growth. 53 
Most such trouble has occurred in cat- 
tle, though losses of sheep and horses 
have also been reported. (677) 

585. The small grains for silage or 
as soiling crops. — If ensiled not later 
than the early-dough stage, the small 
grains make fair to good silage. The ad- 
dition of about 40 lbs. of molasses or 
the use of some other preservative may 
be advisable to improve the quality. The 
crop should be run through the silage 
cutter and unusual care is necessary to 
tramp down the forage in the silo to 
force the air out of the hollow 
stems. 

A green small-grain crop or such a 
mixture as oats and peas is satisfactory 
for feeding green as a soiling crop. 

586. Dehydrated young cereals. — A 
dehydrated product is produced com- 
mercially from young oats or other small 
grain, harvested in the young stage of 
growth, before it begins to joint. This 
product, which is called dried cereal 
grass, or by the trade name of Cerophyl, 
is high in protein and carotene and rich 
in B-complex vitamins. It is used in the 
same manner as alfalfa meal or alfalfa 
leaf meal, chiefly for poultry. 

587. Sudan grass. — Sudan grass 
( Sorghum vulgar e, var. sudanense ) is the 
most important annual hay grass in the 
United States. It is a near relative of the 
sorghums and of Johnson grass and re- 


sembles the latter, though it is taller and 
the leaves are broader and more numer- 
ous. However, it is distinctly an annual 
and entirely lacks the underground stems 
or rootstocks which make Johnson grass a 
serious pest in the South. 

Sudan grass grows 4 to 8 feet high 
in cultivated rows, and 3 to 5 feet when 
sown broadcast. For so rank a grass, the 
stems are fine, being seldom larger than a 
' lead pencil, and the leaves are soft in tex- 
ture. It is adapted to the same conditions 
as the sorghums and is equally drouth 
resistant, but it is earlier and may be 
grown farther north. However, it is de- 
cidedly a warm-weather grass and does 
not thrive quite so far north as < 2 orn. 
Sudan grass yields best on fertile, well- 
drained soil, and needs a liberal supply 
of nitrogen. J 

Tift Sudan grass, developed by 
crossing Sudan grass with a sorghum, 
thrives better in the South, where leaf 
diseases affect ordinary Sudan grass seri- 
ously. Sweet Sudan , another sorghum hy- 
brid developed in Texas, is also more re- 
sistant to disease and to chinch bugs. It 
has sweet stalks and is especially palat- 
able to stock, but starts growth more 
slowly in the spring than ordinary Sudan 
grass. These varieties are apt to be higher 
than common Sudan in prussic acid, 
which is poisonous. 

California No. 23 Sudan grass, pop- 
ular in California, is taller, coarser, and 
more vigorous than common Sudan, 

Piper ; a new variety developed by 
the Wisconsin Station, has much less 
prussic acid than other Sudan grasses 
and is also high yielding and resistant to 
disease. 

Where alfalfa, clovers, timothy, 
bromegrass, and orchard grass thrive, the 
chief use of Sudan grass is as a supple- 
mentary pasture crop or as an emer- 
gency hay crop. Sudan grass surpasses 
the millets in yield as well as in value of 
forage in most parts of the United States, 
and it has therefore largely displaced 
them there. In the Coastal Plain district 
of the southeastern states, pearl millet 
excels Sudan grass. On account of its 
drouth resistance, Sudan grass is one of 
the most valuable crops for the western 
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part of the plains region, from central may be high in prussic acid. The crop is 
South Dakota to Texas. higher in prussic acid in regions that are 

Sudan grass is one of the best an- both hot and dry than in moist or cooler 
nual pasture crops, especially to provide climates. Sudan grass rarely has any in- 
feed for the mid-summer period when jurious effect in the southern humid re- 
permanent pastures are usually short. It gions or in the northeastern states, 
is therefore particularly valuable for Rotational grazing of Sudan grass is 

dairy cows, as it provides a large amount advisable, except in regions where there 
of palatable succulent feed at the time is no danger of prussic acid poisoning, 
when it is often needed to prevent a serf- Each time, the stock should not be 
ous shrinkage in yield of milk. In a good • turned in until the plants have grown up 
season Sudan-grass pasture should fur- to a safe height. 



Sudan Grass Furnishes Excellent Midsummer Pasture 

Sudan grass furnishes a large yield of palatable pasturage at the time when there is 
3n but little forage on permanent pastures. 

nish pasturage for about a cow per acre Alfalfa, rape, Ladino clover, or red 

from July for 2 to 3 months. clover is much better than Sudan grass 

With Sudan grass of the ordinary for swine pasture, where these crops 

variety there is much less danger of prus- thrive. 55 They not only provide more nu- 

sic acid poisoning than in the case of the tritious pasture but also supply forage 

sorghums. However, in sections where over a much longer season. However, 

there is any such danger, stock should Sudan grass makes a useful swine pas- 

not be turned on Sudan grass until it has ture where the climate is too dry or 

reached a height of 18 inches to 2 feet, otherwise unsuited to such crops. It is 

as it then has much less prussic acid. 54 therefore especially adapted to the drier 
Short, dark green plants are espe- portions of the Great Plains, often pro- 

cially apt to be dangerous, and the sec- viding more pasture than alfalfa. 56 Su- 

ond growth usually is higher in the poi- dan grass is a better pasture crop for 

son than the first growth. Frosted Sudan pigs over 50 to 75 lbs. in weight than 

grass is not more poisonous than before for very young pigs. However, even for 

frost, but the new growth afterwards young pigs it is better than no pasture at 
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all. Since Sudan grass is rather low in 
protein, pigs will not make good gains on 
it unless fed an efficient protein supple- 
ment with their grain. 

Sudan grass hay compares favorably 
with hay from the other grasses in feed- 
ing value, but is of considerably lower 
value than that from alfalfa or clover. 57 
It is slightly laxative in nature. Sudan 
grass hay is satisfactory as the only 
roughage for horses and mules. For dairy 
and beef cattle, and especially for sheep, 
it gives much better results when fed 
with some legume hay or with silage, 
than as the only roughage. It has given 
poor results as the only roughage for fat- 
tening lambs, even when chopped and 
fed with a protein supplement. 58 

Sudan grass is rather difficult to 
cure into hay, except in the drier regions, 
for the large stems dry out slowly. It 
makes the best hay from the time it is 
heading out until early bloom, but the 
hay is satisfactory even if the crop is not 
cut until the seeds are in the dough 
stage. If Sudan grass is cut early, two 
cuttings can often be secured, even in 
the northern states. In the South, it yields 
2 or 3 cuttings of hay. The content of 
prussic acid may not be greatly reduced 
when the crop is made into hay. It 
should therefore not be harvested for hay 
until it has reached a safe stage of 
growth. 

In humid districts mixtures of Su- 
dan grass and either soybeans or cow- 
peas are often grown, especially for hay. 
The combination usually yields more 
than the legume alone, and the hay is 
more nutritious than Sudan grass hay. 

Sudan grass is a good late summer 
soiling crop. It also makes satisfactory 
silage, though a crop like Atlas sorghum 
is superior for silage. 59 In an Illinois trial 
Sudan grass-soybean silage was not quite 
equal to com silage for dairy cows. 60 

Dehydrated Sudan grass meal, made 
from immature plants harvested at a 
height of 12 to 24 inches, was satisfac- 
tory when used as a vitamin supplement 
instead of alfalfa meal in Nebraska trials 
with pigs and in tests with laying hens 
and chicks. 61 In the experiments with 
pigs field-cured hay made from similar 


forage was also tried, but was not so 
good as the dehydrated product. 

588. Bahia grass. — Bahia grass ( Paspa - 
lum notatum), the most common native grass 
in some of the South American countries, is 
hardy throughout Florida and along the Gulf 
Coast. It will grow on drier soils than most 
other southern pasture grasses, because of its 
deep root system, and will also thrive on low- 
lying land. The common type of Bahia grass 
furnishes little feed in winter, and the seed 
often germinates poorly. 

Pensacola Bahia grass makes more win- 
ter growth, thrives farther north, and can 
easily be established by seeding. The Argen- 
tine variety is nearly as frost resistant as Pen- 
sacola and is higher yielding. At times it is 
badly affected with ergot. 62 r- 

589. Bent grasses. — Colonial bent grass, 
or Rhode Island bent grass ( Agrostis tenuis ), 
is a common pasture grass in New England 
and eastern New York, and is found south- 
ward to Virginia and westward to the Pacific 
slope. It thrives on soils too low in lime or 
too poor in fertility for bluegrass. Like blue- 
grass, it is a pasture grass, rather than a hay 
grass. Other species of bent grass are used 
for lawns and putting greens. 

590. Bluestems. — The bluestems (An- 
dropogon spp.) are among the most impor- 
tant native grasses of the Great Plains and 
form a large part of the prairie hay on the 
Kansas City market. 83 The composition and 
value of prairie hay and pasture have been 
discussed previously in this chapter. (577- 
581) 

Both big bluestem and little bluestem, 
native species, are used to some extent for 
reseeding range land. Turkestan bluestem or 
yellow beardgrass, an Asiatic species, is well 
adapted for reseeding range land in the 
southern part of the Great Plains. 64 A variety 
of it is called King Ranch bluestem. Cau- 
casian bluestem is more winter hardy and 
also more palatable to stock than Turkestan. 

591 . Buffalo grass. — Buffalo grass ( Buck- 
loe dactyloides) is a native fine-leaved, sod- 
forming grass which is the chief species 
on large areas of the short-grass region of 
the central part of the Great Plains. 65 It is 
resistant to drouth, and is well liked by stock. 
It withstands heavy grazing better than other 
native grasses there. 66 

592. Buffelgrass. — Buffelgrass ( Pennise - 
turn ciliare) is a fine-stemmed, deep-rooted 
perennial grass, recently introduced from 
Africa, which has proven extremely resistant 
to drouth on southern Texas ranges. It has 
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stayed green when even the native grasses 
dried up.. 

593. Canada bluegrass. — Canada blue- 
grass ( Poa compressa) will grow on thin or 
poor soil where Kentucky bluegrass fails. It 
withstands close grazing, stays green during 
the summer, and makes good pasture, though 
less leafy and productive than Kentucky 
bluegrass. It is important on the poorer soils 
in the northeastern states and in eastern Can- 
ada. 

594. Carpet grass. — Carpet grass ( Axo - 
nopus affinis) is a perennial, creeping grass 
that is important as a pasture grass for the 
southern half of the cotton belt, being espe- 
cially useful on moist, sandy lowlands. It en- 
dures close grazing well and will grow on 
poorer soils than Bermuda grass, but it is 
much less productive and nutritious than cer- 
tain of the recently introduced grasses, such 
as Dallis grass, Coastal Bermuda grass, or 
Pangola grass. Though carpet grass forms a 
dense turf, every eflort should be made to 
keep legumes in it, for such mixed pasture is 
far better. 

595. Dallis grass. — Dallis grass ( Paspa - 
lum dilatatum) is one of the most valuable 
pasture grasses in the cotton belt, because 
of its hardiness, the long growing season, and 
the high yield of palatable and nutritious 
forage. It is a perennial bunch grass, growing 
2 to 4 feet tall, and is especially suited for 
growing with a legume. Dallis grass has a 
tendency to lodge and therefore is better for 
pasture than for hay. It requires a fertile, 
moist soil, but at the same time is more 
drouth resistant than Bermuda grass and fur- 
nishes pasture over a longer season. It is 
sometimes difficult to establish because of 
poor germination of the seed. 

Dallis grass is sometimes badly affected 
with ergot in the seed stage. To avoid possi- 
ble injury to stock, the grass should be 
grazed so heavily that it does not head out, 
or the pasture should be clipped. 

596. Fescues. — During recent years two 
varieties of tall fescue ( Festuca arundinacea ) 
have become important for pasture in cer- 
tain areas of the United States. These varie- 
ties, Alta fescue and Kentucky 31 fescue, are 
very similar and seem to be adapted to the 
same conditions. 

These tall-growing fescues are long-lived 
perennials that produce a large yield of for- 
age. They grow best on rich, moist soils aild 
are tolerant of alkaline and saline salts. 

Unfortunately, in many areas of our 
country they are so unpalatable to stock that 
they have given poorer results than other 


grasses, even when grown in combination 
with legumes and when the pasture has been 
properly managed. The palatability is partic- 
ularly low if tlie fescue is allowed to grow 
up tall. The pasture should therefore be so 
managed that the fescue does not head out. 

Because of the wide difference in the 
results secured in different parts of the 
United States, there has probably been more 
difference of opinion about the usefulness 
of Alta fescue and Kentucky 31 fescue for 
pasture than in the case of any other grass. 
In some experiments stock grazed on mix- 
tures containing tall fescue would eat every- 
thing else before they would touch the 
fescue. In other experiments satisfactory re- 
sults have been secured with these grasses. 
Because of the wide difference in the value 
of Alta fescue and Kentucky 31 fescue for 
different areas, one should consult his agri- 
cultural college or experiment station for ad- 
vice, before including either in a pasture 
mixture. 

In most of the northern states and in 
some other places, these fescues have given 
poor results in comparison with bromegrass, 
orchard grass, timothy, or bluegrass, because 
of low palatability. 67 On the other hand, the 
results have been satisfactory in certain areas 
of the southeastern states, in some sections 
of western Washington and Oregon and of 
northwestern California, and in some other 
places. 68 

Meadow fescue ( Festuca elatior) is a 
tufted long-lived perennial grass which is 
adapted to wet soils in the northern states. 
It is grown chiefly in eastern Kansas and 
western Missouri. It is best as a pasture grass, 
starting growth early in the season and con- 
tinuing till late in the fall. As the seed is 
high-priced, it is usually sown in mixture 
with other grasses for permanent pastures. 
Sheep fescue, red fescue, and Chewings 
fescue are other varieties of fescue sometimes 
used for pasture. 

597. Grama grasses. — The grama 
grasses ( Bouteloua spp. ) are among the most 
important native grasses of the western 
ranges. They are warm-season perennial 
grasses which are resistant to drouth and 
grazing and are very palatable to stock. Blue 
grama is a low, sod-forming grass widely 
distributed from Arizona to the Dakotas. 
Black grama is even more drouth resistant 
and is important on semidesert southwestern 
grasslands. Side-oats grama is a taller-grow- 
ing grass which requires more moisture. 

598. Guinea grass. — Guinea grass ( Pan - 
icum maximum) , the most widely distrib- 
uted tropical grass, is adapted in this coun- 




Jjj 

M 


FEEDS AND FEEDING 


try only to a narrow strip from Florida to 
southern California. In the Tropics Guinea 
grass is used chiefly for pasture, but also it 
is often fed as a green soiling crop. Guinea 
grass is a high-yielding, coarse perennial 
grass which thrives on well-drained soils. It 
is palatable to stock before it grows up and 
becomes tough. 

In our Gulf Coast region 4 to 6 cuttings 
a season can be made for a soiling crop. In 
Hawaii Guinea grass yielded 54 tons of green 
forage per acre annually, containing 26 per 
cent dry matter. 69 It was about equal to Na- 
pier grass as a soiling crop for dairy cows. 
In southern Texas on irrigated land it yielded 
15 tons of hay per acre a year in 8 cut- 
tings. 70 

599. Harding grass.— Harding grass 
( Phalaris tuberosa , var. stenoptera), a rela- 
tive of reed canary grass, is a very vigorous, 
long-lived, drouth-resistant, coarse bunch 
grass which is grown especially in southern 
California, both" under irrigation and on dry 
land. In California it provides good pasture 
from October to May, a much longer period 
than the native range. 71 Like reed canary 
grass it is not palatable to stock when it 
grows up tall. In South Australia poisoning 
of stock sometimes occurs on pasture of this 
grass. 72 

600. Jaragua grass. — Brazilian jaragua 
grass ( Hyparrhenia tufa) is a rather coarse, 
high-yielding tropical grass which has be- 
come important for pasture in certain tropi- 
cal and subtropical regions. It thrives on well- 
drained, fertile land and is well grazed by 
stock if managed so that it does not become 
tall and unpalatable, 

601. Johnson grass. — Johnson grass 
( Sorghum halepense) is a perennial southern 
grass which is a close relative of the sor- 
ghums and of Sudan grass. It is the worst 
weed of the cotton planter, and yet it is the 
best meadow grass for some sections of the 
South. Its vigorous creeping rootstocks make 
it. very difficult to eradicate when once estab- 
lished, and therefore it should never be 
sown on clean fields. 

If cut not later than early bloom, it pro- 
duces high yields of good hay, and in some 
of the more fertile areas of the South much 
Johnson grass hay is produced for the mar- 
ket. Though early cutting reduces the yield 
somewhat, the feeding value of the hay is 
enough higher to more than offset the lower 
yield. 73 

To keep a Johnson grass meadow pro- 
ductive, it is usually necessary to plow and 
harrow or disc the land about every 3 years. 


This drastic treatment merely invigorates the 
Johnson grass. Sometimes an adapted legume 
is seeded in the Johnson grass to increase the 
value and to add nitrogen. 

Too close continuous grazing reduces 
the vigor of Johnson grass. Cut at the hay 
stage, it makes fair to good silage. 74 

602. Love grasses. — Weeping love grass, 
or African love grass, ( Eragrostis curvula) 
and certain other love grasses recently in- 
troduced into this country are excellent for 
controlling water or wind erosion in some 
sections of the western states. Weeping love- 
grass becomes tough and unpalatable when 
maturity approaches, but is eaten fairly well 
at early stages of growth. It should gener- 
ally be seeded only on poor, eroded land 
where better grasses will not grow or on 
heavily used feeding areas near the" farm- 
stead buildings. Here its tough sod will stand 
such use. 

603. Millets. — The millets are rapid- 
growing, hot- weather annuals of several kinds 
and varieties. Of these; the foxtail millets 
( Setaria Italica, spp.) are the type grown 
most commonly for forage in the United 
States. In this" group are common millet, 
Hungarian millet, and the later-maturing 
German millet. 

In the humid sections the millets are 
used chiefly as catch or emergency crops, for 
they may "be seeded late and still make a 
crop of hay. If sown early enough, Sudan 
grass produces a larger yield of more desir- 
able forage, but the foxtail millets will do 
better on rather poor land. Soybeans and 
oats-and-peas also make hay of much greater 
feeding value. The foxtail millets are espe- 
cially useful as hay crops on dry-land farms 
in the northern plains regions. 

Millet should be seeded thickly for hay 
and should be cut just after blooming, or 
even before this stage. The hay is usually less 
palatable and inferior in feeding value to 
timothy hay or even well-cured corn or sor- 
ghum "fodder. 73 In experiments with fatten- 
ing lambs, millet hay has not given good 
results as the only roughage. Millet hay may 
sometimes cause scouring of stock. 

Millet hay is satisfactory for horses if 
cut early and if fed as only one-third to one- 
half the roughage. When fed as the only 
roughage to horses for a long time, millet hay 
has produced serious lameness and swelling 
of the joints. 76 This was perhaps due to a 
considerable amount of millet seed in the 
hay, as these are said to have a harmful ef- 
fect on the kidneys. 

Japanese millet ( Echinochloa cmsgalli, 
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var, frumehtacea) , a cultivated, rank-grow- 
ing variety of common barnyard grass, will 
grow better in cool regions and on wetter 
soils than the foxtail millets or Sudan grass. 
It is taller and coarser than the foxtail millets 
and may be used as a soiling crop, as hay, or 
as silage. Japanese millet hay does not ap- 
parently have the injurious effect on horses 
that foxtail-millet hay sometimes does. 

Pearl millet ( Pennisetum glaucum ) , also 
called cat-tail millet, is the most widely used 
summer temporary pasture crop in the south-, 
eastern states. Especially in the Coastal Plain 
area and in Florida, it produces more forage 
than Sudan grass and is more resistant to 
disease. 77 

604. Molasses grass. — Molasses grass 
( Melinis minutiflora) is a drouth-resistant 
perennial pasture grass important in the 
tropics. It will provide good pasture in areas 
too dry for Guinea grass. It gets its name 
from the somewhat sticky leaves. 

605. Napier grass, or elephant grass; 
Merker grass. — Napier grass, or elephant 
grass ( Pennisetum purpureum ) , is a tall, per- 
ennial tropical grass which grows 6 to 12 feet 
high or more in clumps of many stalks about 
an inch in diameter. It requires rich soil. Na- 
pier grass is an important forage crop in 
Florida and other warm districts of the 
southern states, because of the heavy yields 
of palatable forage. Napier grass is usually 
propagated by means of root or stem cut- 
tings. One should be sure to use a disease- 
resistant strain. 

In the tropics Napier grass is used 
chiefly as a soiling crop. It may be cut every 
3 or 4 weeks during the growing season, but 
larger annual yields are secured when it is 
allowed to grow up for about 10 weeks. 78 
When it is more mature than this, the di- 
gestibility is considerably decreased, and the 
feeding value is lowered. Under irrigation in 
Hawaii, Napier grass yielded 71 tons of soil- 
ing crop year, containing 21 per cent dry 
matter. 69 

Napier grass will not stand close con- 
tinuous grazing, but under rotational graz- 
ing, with periods of 20 to 30 days between 
grazings, it furnishes excellent pasture over 
a long season. It makes satisfactory silage If 
molasses is added and the chopped forage 
is well packed. 

Merker grass , a shorter, more leafy vari- 
ety of Napier grass, resistant to leaf spot, is 
widely grown in Puerto Rico. 79 

606. Natal grass. — Natal grass ( Rhyn - 
chelytrum rosea), an annual grass well 
adapted to poor sandy soils in the Gulf Coast 


section, volunteers from year to year in many 
sections. It comes after early crops, and pro- 
duces late summer and fall grazing or hay. 

607. Oat-grass. — Tall oat-grass ( Arrhe - 
natherum elatius ), or tall meadow oat-grass, 
is one of the common grasses of continental 
Europe, but it has never become important 
in this country, largely because of the high 
cost of the seed, which shatters badly. A 
non-shattering variety has been developed 
recently, which should make the seed more 
plentiful. Oat-grass is adapted to about the 
same conditions as orchard grass, but will 
not endure shade. It is usually grown in mix- 
tures with legumes and other grasses for pas- 
ture or hay. 80 

608. Pangola grass. — Pangola grass 
( Digitaria decumbens) is a creeping peren- 
nial type of crabgrass which is adapted to 
fertile, well-drained soils in Florida and 
along the Gulf Coast westward. 81 It is chiefly 
used for pasture, but makes satisfactory hay 
if cut early. Pangola grass-white clover pas- 
ture was excellent for dairy cattle in Florida 
tests. 82 Because Pangola grass seeds very 
sparsely, it is established with runners, plants, 
or sprigs of green stems. 

609. Para grass. — Para grass ( Panicum 
parpurascens) is a perennial tropical grass 
with long creeping stems, which is widely 
grown in the Tropics. It is adapted to rich, 
moist soils, will grow well on land too wet 
for other crops, and will endure flooding for 
several weeks. Para grass should be grazed 
rotationally. If managed so that it does not 
become tall and woody, it is well liked by 
stock. It is often used as a soiling crop and 
makes coarse, but good hay if cut at an early 
stage. 

Para grass is propagated by means of 
cuttings of the runners or pieces of green 
stems. In the United States it is adapted only 
to extreme southern areas. 

6X0. Quack grass. — Quack grass ( Agro~ 
pyron repens ), also called witch or couch 
grass, is one of the most widely distributed 
and destructive weeds of the North Tem- 
perate Zone. Though quack grass is known 
chiefly for its bad habits as a weed, when cut 
in early bloom it makes hay that is said to 
be equal to timothy, and it furnishes satis- 
factory pasture. It often forms a considerable 
part of the “timothy” hay on the market, 
especially in New England. In permanent 
pastures it tends to become root bound in 
3 to 4 years and often nearly disappears. On 
account of the great difficulty of eradicating 
quack grass, it should never be purposely 
introduced on clean land. 
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611. Reed canary grass. — Reed canary 
grass ( Phalaris arundinacea ) is a tall peren- 
nial grass with coarse stems and broad leaves 
which thrives in the northern states on land 
too wet for other cultivated grasses. It will 
even grow on land subject to overflow for 
periods that would kill other grasses. Surpris- 
ingly, it stands drouth well on fertile soil. 
Reed canary grass is high-yielding and grows 
over a long season, starting early in the 
spring. It is a good pasture crop if the grass 
is not allowed to grow above a foot in 
height. 82 However, it is less palatable than 
most other pasture plants, and stock should 
therefore not have other pasture available 
when grazing reed canary grass. The pasture 
is better for cattle or horses than for sheep 
or swine. It should preferably be pastured 
rotationally, as it will not stand close, con- 
tinuous grazing. 

If cut when beginning to head out, it 
makes satisfactory hay and may also be used 
for silage, if a preservative is added. In Wis- 
consin tests with fattening cattle reed canary 
grass for silage was worth only one-half as 
much per ton as corn for silage, considering 
the feeding value of the silage and also the 
cost of the preservative for the reed-canary- 
grass silage. S3 

612. Rescue grass. — Rescue grass (Bro- 
mus catharticus ) furnishes good winter pas- 
ture on rich soil in the southern states. It 
may also be cut for hay. Rescue grass is a 
short-lived perennial which usually behaves 
as a winter annual in the South and often 
volunteers on suitable land after being once 
seeded. 

613. Rhodes grass. — Rhodes grass 
( Chloris gay ana ) , a native of South Africa, 
is adapted as a perennial only to Florida and 
a narrow strip in this country along the Gulf 
Coast to southern Texas and westward to 
southern California. With irrigation, it has 
succeeded on soil too alkaline for other crops. 
It has also given good results in some areas 
of southern Texas, because it is drouth re- 
sistant. It produces good hay, and in central 
and southern Florida as many as 6 or 7 cut- 
tings may be made in a single season. In 
tropical countries it is said to be the best hay 
grass. In Hawaii it was much less productive 
and less palatable than Napier grass as a 
soiling crop for dairy cows. 69 

614. Ryegrasses. — Perennial ryegrass 
( Lolium perenne ) is a short-lived perennial 
which is of great importance as a pasture 
grass in Europe, but it is not grown exten- 
sively in this country. Italian ryegrass (Lo- 
lium multiflorum) generally behaves as an 


annual, and ‘ domestic ryegrass in this 
country is usually a mixture of both varieties 
and hybrids of them. The ryegrasses are 
grown principally in the Pacific Coast states 
and in the southern humid states, and have 
a wide range of soil adaptability. In the 
South ryegrass is used principally for winter 
pasture, usually in combination with crimson 
or other clover or with a small grain. It 
makes fine-stemmed, palatable hay when cut 
at the proper stage. 

In a South Carolina experiment ryegrass- 
crimson clover furnished dairy cattle pasture 
for an average of 167 days, and produced an 
average of 3,000 lbs. total digestible nutri- 
ents per acre, equivalent to 3 tons of first- 
rate hay. 84 

615. St. Augustine grass.— St. Augus- 
tine grass ( Stenotaphrum secundatum ] is a 
creeping perennial grass well adapted to 
muck land in southern Florida. It is com- 
monly used for lawns there and is also a 
high-yielding pasture grass. As it does not 
produce seed, it is established by planting 
pieces of the runners. 

At the Everglades Station in Florida St. 
Augustine grass, grazed by beef cattle, has 
produced 690 to 780 lbs/ of gain per acre 
and has carried more than 2 animals per 
acre . 85 

616, Sugar cane; Japanese cane; sugar 
cane bagasse. — In tropical and semi-tropical 
regions where sugar cane ( Sacchamm offici - 
narum ) thrives, it often produces a larger 
yield of green forage for cattle than other 
crops. The forage may be fed as a soiling 
crop, it may be ensiled, or it may be stored 
in the fall for several months in large round 
shocks of about 1 ton each. To avoid waste, 
the forage should be chopped before feeding. 
Sugar cane silage or chopped sugar cane 
which had been stored in shocks made very 
satisfactory roughage for wintering beef cows 
in Florida and Georgia tests. 80 

Tire tops and leaves of sugar cane, re- 
moved on harvesting the cane for sugar, also 
make fair forage for livestock. The amount 
of leaves and tops ranges from 4 to 8 tons 
per acre. “Strip cane/' consisting chiefly of 
the leaves and leaf sheaths removed from the 
stalks at a sugar mill, was fairly satisfactory 
in a Hawaii test as the roughage for dairy 
cows when fed green or when ensiled, though 
inferior to Napier grass, 69 

Japanese cane, a slender-stemmed vari- 
ety of the common sugar cane, is sometimes 
grown for forage. In Florida it furnishes 
good pasture for cattle and hogs from 
November to March, but is killed by grazing 
after growth starts in the spring. 
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Sugar cane bagasse , left at the sugar 
factories after as much as possible of the 
juice has been pressed out of the crushed 
stalks, is extensively used as fuel in the fac- 
tories. Sometimes the bagasse is dried and 
the more fibrous parts are used in the manu- 
facture of insulating board or paper. The 
smaller and more pithy fragments screened 
out are called sugar cane pulp or pith. This 
or the entire ground dried bagasse may be 
mixed with cane molasses, with or without 
other feeds in addition, for feeding to horses,’ 
mules, or cattle. 

In a Hawaiian trial results were not sat- 
isfactory when 10 or 20 per cent of sugar 
cane pith was included in a concentrate mix- 
ture for dairy cows, or when 4.5 to 9.0 per 
cent was added to a ration for chicks or 
growing cockerels. 87 In a Louisiana trial with 
beef cattle being wintered, ground sugar cane 
bagasse was decidedly inferior to ground 
grass hay, rice straw, or cottonseed hulls, 
when the roughages were mixed with mo- 
lasses, cottonseed meal, and minerals. ss 

617. Teosinte. — Teosinte ( Euchlaena 
mexicana ), a relative of Indian corn, requires 
a rich, moist soil and is too tropical to have 
value north of the southern portion of the 
Gulf states. Teosinte has never become im- 
portant in the United States, because on 
moderately fertile soils it yields less than 
sorghum, and on rich land less than Japanese 
cane. 

618. Wheatgrasses. — Crested wheat- 
grass (Agropyron desertorum) is a tall, 
drouth-resistant, winter-hardy, and long- 
lived bunch grass, especially well adapted to 
the northern Plains States and the drier parts 
of the northwestern states. 89 In these regions 
it is one of the best grasses for reseeding de- 
pleted range land or abandoned crop land. 
Fairway crested wheatgrass ( Agropyron cris - 
tatum ) , finer-stemmed and more leafy, is 
used less in the United States, but is popular 
in western Canada. 

Crested wheatgrass furnishes earlier 
spring and later fall pasture than the native 
range, and therefore supplements it admir- 
ably. It can be used for early grazing in the 
spring and if the stock is then transferred to 
native pasture, the wheat grass will grow up 
for a hay crop, If the moisture supply is suffi- 
cient, it will again furnish pasture in the 
fall. Crested wheatgrass should be cut for 
hay when it is heading out, or at least by 
blooming time, for the feeding value and 
palatabiSty fall rapidly later. Early-cut 
crested wheatgrass hay is superior to the 
usual native hay in value. 

Slender wheatgrass ( Agropyron trachy- 


caulum ), a short-lived perennial bunch grass j 

which requires somewhat more moisture than 
does crested wheatgrass, is prevalent in range 
pastures of the northern Great Plains and the 
Rocky Mountain region. It starts growth 
early in the spring and furnishes palatable 
feed. As it is short-lived, for reseeding it is 
used with grasses that require a longer time 
to become well established. 

Western wheatgrass ( Agropyron smi - 
thii) is a sod-forming, long-lived grass that 
forms a large part of the native pastures in J 

the northern Plains States and westward. 90 , 

Resistant to drouth and winter-hardy, it is . $ 

valuable for reseeding range pasture and for ftv 
erosion control. Yf\ 

Intermediate wheatgrass ( Agropyron in- 
termedium ), a sod-forming wheatgrass intro- 
duced from Russia, is adapted to the same 
conditions as smooth bromegrass. 91 It is eas- 
ily established and produces high yields of 
pasturage or hay. 

619. Wild-rye. — Several wild-ryes oc- 
cur in the native western ranges. Russian 
wild-rye ( Elymus junceus ) , a recently intro- 
duced grass, is a deep-rooted, long-lived 
bunch grass, which has survived drouths that 
have killed other seeded grasses. Adapted for 
pasture on a fairly wide range of soils in the 
northern and central Great Plains and west- 
ward, it starts growth early in the spring and 
the leaves remain green and palatable to 
stock in summer, when the wheatgrasses are 
dry and unpalatable. 92 

II. Straw and Chaff 

620. Feeding value of straw. — As 
the small grains and other plants mature, 
a large part of the more valuable nu- 
trients are transferred from the leaves 
and stems and stored in the ripening 
seed. Therefore the straw, which con- 
sists of the mature stems and leaves, 
without the seeds, has relatively little 
protein, starch, or fat, while the content 
of fiber and lignin is high. Straw is also 
low in calcium and phosphorus and in 
most vitamins, especially in vitamin A 
value. Probably it generally has consid- 
erable vitamin D. 

Straw is very much lower in nutri- 
tive value than is hay made from the 
same plants before they have matured. 

Also, straw is much less palatable than 
good hay. Because of its high content 
of fiber and especially of lignin, straw 
supplies considerably less total digestible 
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nutrients than good hay, and there is a 
far greater difference in the amount of 
net energy. 

Straw from the small grains fur- 
nishes less than 1 per cent of digestible 
protein. Therefore this lack of protein 
must be borne in mind in feeding 
straw. 

Because of its low nutritive value, 
straw is most useful as part of the ration 
for animals not being fed for high pro- 
duction. Properly supplemented, it can 
form a considerable proportion of the 
feed for wintering beef cows, stocker 
cattle, or idle horses and mules. It is 
much less useful for dairy cows, for fat- 
tening cattle or lambs, or for calves. 
Straw is especially unsuited to form a 
large part of the ration for sheep. 

If straw from a combined field has 
lain in the windrow for several days 
and become weathered and discolored, 
the feeding value is poor. 

In Europe and Canada pulped roots 
and meal are sometimes mixed with cut 
or chaffed straw, and the moist mass al- 
lowed to soften. It is then readily con- 
sumed by cattle and sheep. 

Oat strata with its soft, pliable stems 
is the most nutritious, followed by barley 
straw. Sometimes barley straw from the 
varieties with barbed beards may make 
the mouths of stock sore. Wheat straw , 
being coarse and stiff, is not so readily 
eaten, and rye straw, which is harsh and 
woody, had better be used for bedding 
instead of being fed. Small grain chaff is 
somewhat lower in fiber and higher in 
protein than straw and is a little higher 
in value, if not loaded with dust, rust, 
and mold. Rice straw, if well cured, may 
be fed in the same manner as straw from 
the other cereals. 93 

621. Cereal straw for dairy cattle. 
— If plenty of better roughage is avail- 
able, it is best to fill good cows up with 
more nutritious feed than straw. When 
there is a shortage of hay or other good 
roughage but plenty of straw, the straw 
may be fed once a day in place of one 
of the feedings of hay. To induce the 
cows to clean up more straw than they 
would otherwise eat, it may be sprinkled 
with diluted molasses. When good straw 


is used for bedding, some dairymen 
place the straw in the manger first and 
allow the cows to pick it over and eat 
what they will, before putting it under 
them for bedding. 

Oat straw can be used satisfactorily, 
along with better roughage, in wintering 
well-grown daily heifers, if plenty of 
protein supplement is provided. For ex- 
ample, in a Wisconsin trial dairy heifers 
made nearly as good gains on oat straw, 
corn silage, and 3 lbs. of a protein-rich 
concentrate mixture as others fed alfalfa 
hay, corn silage, and only 2.5 lbs. of a 
concentrate mixture consisting chiefly of 
ground corn. 94 

622. Cereal straw for beef cattle. — 
Straw from the small grains is satisfac- 
tory as the chief feed or even as the 
only roughage for wintering beef breed- 
ing cows or young cattle over a year 
of age, if it is properly supplemented. 
On the other hand, straw is too low in 
nutrients to form any considerable part 
of the ration for fattening cattle. 

In the wheat-growing districts of 
the West, beef cows are frequently win- 
tered on straw as the only roughage. 
Montana and Oregon trials show that 
cows in medium to good condition in 
the fall can be wintered satisfactorily on 
12 to 20 lbs. of straw daily plus 1 lb. 
of cottonseed cake or meal or other 
protein supplement, or on straw and 
4 to 5 lbs. of alfalfa or other legume 
hay. 95 It is very important to feed about 
1 lb. per head daily of a high-protein 
supplement and also to supply a calcium 
supplement when cows are wintered on 
straw as the only roughage, or when fed 
straw with other non-legume roughage. 
Unless the cows have had good green 
pasture in the fall and consequently 
have a store of vitamin A in their bodies, 
alfalfa meal or another vitamin A sup- 
plement should be fed. 

If beef cows are in good condition 
in the fall and the winter is mild and 
not too long, they can even be carried 
through the winter on straw alone. How- 
ever, they will then lose 50 to 200 lbs. 
per head and may not be thrifty enough 
in the spring to provide sufficient milk 
for their calves. Such an inadequate ra- 
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tion should therefore be used only in 
emergencies. 

If there is a shortage of better 
roughage, straw can replace part of the 
hay or silage usually fed fattening cattle. 
In such cases care must be taken that 
the other feeds supply sufficient pro- 
tein, calcium, phosphorus, and vitamin 
A value. Provided the ration is properly 
supplemented with protein and also with 
calcium if needed, cattle that are full-, 
fed on grain with a liberal amount of 
silage or wet beet pulp may make nearly 
as rapid gains with straw for the dry 
roughage as when fed legume hay. 96 The 
actual value of the straw per ton will, of 
course, be much lower than that of the 
hay, * because of the larger amount of 
protein supplement needed with the 
straw. 

Fair gains can even be produced on 
cattle a year old or more with straw as 
the only roughage, if a liberal amount 
of grain is fed and protein and calcium 
supplements are provided. 97 

Straw is not well suited for use as 
part of the roughage for fattening calves 
or even for wintering calves to be fat- 
tened later. 98 

623. Cereal straw for sheep. — Straw 
should not be fed as the only roughage 
to sheep, as it is too low in nutrients, 
especially protein, calcium, and vitamins. 
Moreover, it is constipating. If hay is 
scarce or high in price, a limited amount 
of straw can be used along with legume 
hay and silage for breeding sheep or 
fattening lambs. 

Straw is unsatisfactory as the chief 
roughage for wintering breeding ewes, 
even when fed with a small amount of 
silage and. plenty of protein supplement 
and minerals. Straw also gives very poor 
results as the only dry roughage for fat- 
tening lambs. 99 Feeding a mixture of 
half chopped barley straw and half 
chopped alfalfa hay with barley grain 
to fattening lambs was much less profit- 
able in a California test than a ration of 
alfalfa hay and barley, without the 
straw. 100 

When sheep are to be fed such un- 
palatable roughage as straw, along with 
good legume hay, it is best to feed the 


straw in the morning and the better-liked 
hay for the evening meal. 

624. Cereal straw for horses and 
mules. — Little or no straw should be fed 
to hard-worked horses or mules, for it 
is too poor in digestible nutrients and 
net energy. On the other hand, animals 
that are idle or at light work may be 
wintered largely on bright straw, instead 
of more expensive hay. 101 This will 
greatly reduce the cost. However, work 
stock should not be wintered on straw 
or stover only, for they are too low in 
protein, in calcium and phosphorus, and 
even in digestible nutrients to be the 
only feed, even for idle horses. 

In many districts of Europe horses 
are fed cut straw mixed with their con- 
centrate allowance, small amounts being 
thus utilized even for horses that are at 
hard work. 

625. Straw from other plants. — 
When timothy, red top, or other grasses 
are raised for seed, the threshed grass 
straw can often be used for feeding in 
the same manner as cereal straw. When 
fed as the only roughage, wheatgrass 
straw and giant bluegrass straw were 
much less palatable than alfalfa hay to 
fattening lambs in a Washington test. 102 

Flax straw is about equal to oat 
straw, when of good quality. South Da- 
kota experiments show that it can be 
used satisfactorily as the only roughage 
for wintering beef breeding cows or 
yearling steers. 103 Flax straw that has 
considerable green, immature flaxseed 
must be fed with great caution, as it may 
contain poisonous amounts of prussic 
acid. 104 Volunteer flax which sometimes 
springs up in the fall is very unsafe for 
pasturing. 

Buckwheat straw is of low value and 
may cause digestive disturbances if fed 
in large amounts. 

626. Straw pulp. — During serious short- 
ages of grain and other concentrates for stock 
feeding, methods have been used in Europe 
to increase the digestibility of straw by treat- 
ment with a dilute solution of caustic soda 
(sodium hydroxide). In the older process, 
developed in Germany, the straw was di- 
gested at a high temperature under pressure. 
In a method tested in England during the 
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recent World War, straw was digested for 
12 to 22 hours with a cold 1.5 per cent solu- 
tion of caustic soda in an open tank. After 
digestion, it is necessary to wash out the 
caustic soda thoroughly from the treated 
straw pulp with running water, or by re- 
peated washings. 

Through the action of the caustic soda, 
some of the fiber and other resistant carbohy- 
drates in the straw are partially hydrolyzed, 
or digested. Farm animals can therefore di- 
gest the straw pulp much more completely 
than the untreated straw. Such treated straw 
was found to have as high a starch value, or 
net-energy value, as good hay. 105 

In English feeding experiments with 
straw pulp the results differed rather widely, 
but in most tests it had a considerably higher 
value than untreated straw. Because straw is 
very bulky, considering the feeding value, so 
much labor was required in treating straw 
that the method was not used to any consid- 
erable extent in England. In certain large 
dairies in Sweden, larger-scale, semi-auto- 
matic equipment was developed which made 
such a method of practical value in time of 
feed shortage. 106 


QUESTIONS 

1 . Why should a mixture of grasses and leg- 

umes ordinarily be used for perma- 
nent pasture or meadows? 

2. Compare the composition and nutritive 

value of grasses at various stages of 
growth. 

3. Discuss the use and value of grass hay 

and mixed hay for: (a) Dairy cattle; 
(b) beef cattle; (c) sheep; (d) horses 
and mules. 

4. How can grass hay be made that is satis- 

factory for dairy cows? 

5. Why is timothy the great hay grass of 

the northern United States, and in 
what respects is it inferior to legumes? 
When should it be cut for hayr 

6. What are the advantages of seeding a 

mixture of timothy and clover or tim- 
othy and alfalfa in comparison with 
seeding timothy alone for hay? 

7. Why does Kentucky bluegrass rank first 

as a pasture grass in most of the north- 
ern half of the United States? 

8. Under what conditions is red top chiefly 

grown? 

9. Why has bromegrass attracted much at- 

tention recently in the northern and 
central states? 

10. What are the characteristics and value 
of orchard grass? 


11. Discuss the importance and use of Ber- 

muda grass. 

12. What is the composition and relative 

value of good prairie hay; of marsh 
hay? 

13. If prairie hay is important in your dis- 

trict, discuss its use and value for: 
(a) Dairy cows; (b) beef cattle; (c) 
sheep; ( d ) horses and mules. 

14. Of what importance are the small grains 

for forage in your district; in other 
sections of the United States? 

15. What are the characteristics of Sudan 

grass? Discuss its value for hay; for 
pasture. 

16. State the characteristics and value of 4 

other grasses which are important in 
your district. 

17. Discuss the composition of straw, and 

state how it may be best used in stock 
feeding. 
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ROOTS, TUBERS, AND MISCELLANEOUS FORAGES— 
POISONOUS PLANTS AND POISONOUS FEEDS 


I. Roots and Tubers 


this industry- — beet tops, beet pulp, and 
beet molasses — are used for stock feed- 


627. Roots unimportant for live- ing. Also, cull and surplus potatoes and 
stock in the United States. — In the United sweet potatoes are important by-product 
States the acreage of roots raised for feed- feeds in certain sections, 
ing livestock is insignificant in compari- 628. Composition and value of roots 

son with that of other forage crops. On an d tubers.— All roots and tubers are 

the 'Other hand, in northern Europe ex- very watery and low in dry matter. Es- 

tensive use of roots is made for stock pe cially so are mangels, turnips, and 

feeding. rutabagas, which have only 9 to 11 per 

This great difference is due chiefly cen t dry matter. This is less than half 
to the difference in the climate. North- the percentage of dry matter in corn 
ern Europe with its cool summers is well silage. However, the dry matter that 
adapted to the growing of roots but not roots and tubers do contain is of high 
to the raising of corn. In most parts of quality, being low in fiber, highly di- 
our country the summers are hot, and gestible, and high in net energy per 
corn or the sorghums thrive, furnishing pound. Roots and tubers are therefore 
in the form of silage a palatable succu- more like watery concentrates than like 
lent feed which is much cheaper than roughages. For convenience, they are 
roots. Also, root crops require much grouped with green roughages in the 
hand labor, and labor is cheaper in Eu- Appendix Tables of this book, 
rope than in this country. The chief nutrients in roots and 

In the United States the growing tubers are carbohydrates — largely cane 
of roots for livestock is advisable only sugar in beets and mangels, and starch 
under certain very special conditions, in potatoes. Roots and tubers are low to 
Roots may be used as a substitute for f a j r j n protein content, are low in cal- 
corn silage where the summers are too cium, and are only fair in phosphorus, 
cool for corn, though hay-crop silage is Carrots and sweet potatoes are rich in 
generally a much more economical source carotene, but other roots and tubers have 
of nutrients. Sometimes roots are fed as little or no vitamin A value. Roots or 
a relish to animals being fitted for show tubers do not supply vitamin D. They 
or to cows on official test. Occasionally, are low in riboflavin, but are quite high, 
roots are grown to supply succulent feed 0 n the dry basis, in niacin, 
for poultry in winter. However, most Roots and tubers are therefore de- 

roots do not replace alfalfa meal as a cidedly different from legume hay or 
vitamin supplement, and poultrymen other legume forage, which is rich in 
have therefore largely discontinued their protein, in calcium, and in carotene, and 
use. rather high in riboflavin. Also, field- 

While the acreage of root crops cured hay from legumes or other crops 
grown for stock feeding in the United is an important source of vitamin D in 
States is very small, the production of the winter feeding of all stock except 
sugar beets for sugar manufacture is of poultry, while roots and tubers do not 
importance in certain sections, particu- supply this vitamin, 
larly in Colorado and other western Although roots cannot replace leg- 

Mountain States. The by-products from ume hay in stock feeding, they can be 
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used as a substitute for a considerable 
part of the grain customarily fed to dairy 
cows or to fattening cattle and lambs. 
This is usually not economical in the 
United States, but is a common practice 
in northern Europe. In most of the trials 
with dairy cows a pound of dry matter 
in such roots as mangels, sugar beets, 
or rutabagas has been equal to a pound 
of dry matter in grain, such as corn, 
wheat, or barley, or at least equal to a 
pound of these grains. 1 


breeding cattle and sheep in thrifty con 
dition. 

When roots are fed to stock in this 
country, cattle are not usually fed more 
than 20 to 30 lbs. per head daily, fatten- 
ing lambs not more than 4 or 5 lbs. and 
breeding ewes 2 to 3 lbs. In Europe 
much greater amounts are often fed. 

Roots should be chopped or sliced 
before feeding, when there is any dan- 
ger of livestock choking on them. Any 
undue amount of dirt should be removed 



Sugar Beets in a Western Irrigated District 


While but relatively few acres of sugar beets are grown for stock feeding in this country, 
the raising of sugar beets for the beet sugar factories is an important industry in certain 
sections, especially in some of the irrigated districts of the West. (From U.S. Reclamation 
Service. ) 


Because such roots as mangels, ruta- 
bagas, and turnips contain less than half 
as much dry matter as com silage, they 
are worth much less per ton for stock 
feeding. Experiments have shown that 
for dairy cows 100 lbs. of corn silage 
ate worth more than 200 lbs. of these 
roots. For fattening lambs it has 
required, on the average, 145 lbs. 
of roots to replace 100 lbs. of corn si- 
kge. 

In addition to the nutrients they 
furnish, roots and other succulent feeds 
have a beneficial effect upon animals 
and are highly esteemed for keeping 


before the roots are chopped. Often the 
grain or concentrate mixture is sprinkled 
over the chopped roots. Cooking or 
steaming roots or tubers is a waste of 
labor and fuel, except that potatoes 
should be cooked for swine and poul- 
try. In Europe, roots for fattening cattle 
are often pulped and spread in layers, 
alternating with layers of cut hay or 
straw. After being shoveled over, the 
mass is allowed to stand several hours 
before feeding, to moisten and soften 
the straw or hay. In this manner con- 
siderable straw may be utilized. 

For winter feeding in the northern 
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states roots must be stored in well-venti- 
lated pits or cellars, but in mild climates 
they may remain in the field until fed. 
In experiments in Ireland, mangels lost 
about 27 per cent of their dry matter 
during 5 months’ storage, because of 
the respiration which is continuously 
taking place. 2 

The root crops most commonly 
grown for stock feeding are mangels, 
rutabagas, and turnips. Sometimes sugar 
beets, carrots, parsnips, or potatoes are 
raised especially for this purpose. 

629. Roots vs. silage. — It costs con- 
siderably more to grow an acre of roots 
than to grow an acre of corn and ensile 
it, because root crops require more 
thorough preparation of the soil and far 
more hand labor in cultivation, harvest- 
ing, and* storage. ^Iso, experiments have 
shown that where\jorn thrives it yields 
much more dry matter per acre than 
the best root crops. As a result of the 
greater cost, in groining roots and their 
lesser yield of nutrients per acre, corn 
silage will furnish digestible nutrients 
at half the cost of roots in good corn- 
growing sections. 

Occasionally, some persons get an 
incorrect idea of the economy of root 
crops, because of the very large ton- 
nage sometimes produced. Under very 
favorable conditions such root crops as 
mangels, sugar mangels, or rutabagas 
may yield 20 to 30 tons per acre or even 
more. This is a far greater fresh weight 
than is secured in corn silage, but the 
roots are so watery that the corn crop 
will yield a much larger amount of dry 
matter and digestible nutrients per acre. 

In localities in this country where 
the growing season is too short or the 
weather too cool for corn, hay-crop si- 
lage will generally supply succulent 
feed at decidedly less cost than root 
crops. 

630. Roots for dairy cattle. — Roots 
are an excellent feed for dairy cattle, but 
they are so uneconomical in this coun- 
try that they are rarely fed. Roots may 
be a useful feed where a dairyman does 
not keep sufficient stock so that he can 
feed silage fast enough to keep it from 
spoiling, or if a silo is not available. Years 


ago roots were widely used for cows on 
official test, where the object may be 
maximum yield of milk rather than low 
cost of production. However, soaked 
beet pulp is now generally used in place 
of roots, because of the greater conven- 
ience. Like silage and soaked beet pulp, 
roots are believed to have a “cooling” 
effect on the digestive system, helping 
to prevent digestive trouble when cows 
are heavily fed on concentrates. 

Experiments have shown that add- 
ing roots to a palatable ration containing 
corn silage tends to increase the yield of 
milk and fat slightly. 3 This is doubtless 
because roots are so well liked by cows 
that their feed consumption is greater 
when roots are fed. However, the in- 
crease in production is not large enough 
to offset the cost of the roots, with milk 
at usual prices. 

In feeding trials with dairy cows 
the dry matter of corn silage has been 
as valuable or nearly as valuable as that 
in roots. 4 Since roots have much less dry 
matter than corn silage, they are worth 
correspondingly less per ton. For ex- 
ample, it requires about 3.0 tons of man- 
gels, 2.5 tons of rutabagas, or 1.7 tons 
of sugar beets to furnish as much dry 
matter as in 1 ton of good corn silage. 
These figures therefore represent approx- 
imately the amounts of root crops it takes 
to equal a ton of corn silage for milk 
production. 

When roots are fed to dairy cows 
as the only succulent feed in place of 
corn silage, the production of milk and 
fat will be about as high and perhaps 
even slightly higher than on corn silage. 
However, in good corn-growing sections, 
the production on the silage ration will 
be much more economical. 5 Compared 
with root crops, silage of the kind that 
can be produced in Great Britain, where 
corn does not thrive, has given varying 
results. In some trials the production has 
been more economical on roots than with 
silage made from such mixtures as oats 
with peas or vetch, and in other tests 
the silage ration has been cheaper. 6 

631. Roots for beef cattle. — Al- 
though roots are rarely fed to beef cattle 
in this country, they are extensively used 
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for this purpose in Great Britain and 
other northern European countries where 
corn does not do well. Sometimes fatten- 
ing cattle are given all the chopped or 
sliced roots they will clean up, along 
with a limited amount of concentrates 
and hay or straw. The hay or straw is 
often chopped and mixed with the roots. 
By this means the cattle may be induced 
to eat considerable straw or poor hay. 
Because of the high water content of 
roots, the amounts eaten are surpris- 
ingly large. Often cattle 2 years old or 
over will eat 80 to 100 lbs. of roots per 
head daily, if fed all they will take. 
When cattle are fed only 40 to 60 lbs. 
of roots a day with a greater amount of 
other feeds, the gains will be as good as 
when the maximum amount of roots is 
supplied. In this system of fattening cat- 
tle much less grain is used than in our 
country, but good gains and carcasses of 
excellent quality are produced. 

In Canadian trials corn silage was 
worth considerably more per ton than 
roots, because of its much greater con- 
tent of digestible nutrients. 7 When only 
a few pounds per head daily of roots are 
fed to cattle as an appetizer, they may 
be worth as much, pound for pound, as 
corn silage. 8 

632. Roots for sheep. — Roots are 
an excellent succulent feed for sheep, 
but in the United States silage is usually 
much more economical. Because such 
roots as rutabagas, turnips, and mangels 
are far more watery than corn silage, it 
has taken about 145 lbs. of roots to equal 
100 lbs. of corn silage in experiments 
with fattening lambs. 9 

Some shepherds have believed that 
roots are preferable to corn silage for 
breeding ewes. However, in 4 Wiscon- 
sin experiments the percentage of strong 
lambs was noticeably higher when ewes 
were fed corn silage as part of the rough- 
age in a well-balanced ration, than when 
rutabagas replaced the silage. 10 In these 
trials rutabagas were worth only about 
two-thirds as much per ton as corn si- 
lage, not considering the better lamb 
crops from the ewes fed silage. Ruta- 
bagas were also less valuable than corn 
silage for wintering ewe lambs. 



In Great Britain roots are widely 
fed to sheep of all classes. Sometimes fat- 
tening lambs are fed as much as 15 to 
20 lbs. of rutabagas or other roots per 
head daily, though much smaller allow- 
ances are more common. In this country 
it is unusual to feed more than 4 to 5 
lbs. of roots per head daily to fattening 
lambs, and even half this allowance, 
preferably chopped, will furnish enough 
succulence in the ration. When pregnant 
ewes are fed too much roots, weak 
lambs sometimes result, probably due to 
a lack of protein or minerals in the ra- 
tion. The allowance of roots had there- 
fore best be restricted to 2 or 3 lbs. per 
head daily, and good hay should be fed 
in addition. 

Some believe feeding mangels or 
sugar beets to sheep over long periods 
may tend to produce calculi, or stones, 
in the kidneys and bladder, which are 
dangerous in the case of rams and 
wethers. The roots may not be the pri- 
mary cause of the trouble, however, as 
calculi occur when sheep are fed no 
roots. 11 

633. Roots for horses. — Occasion- 
ally roots, especially carrots, are fed to 
horses in this country as an appetizer or 
an aid to digestion, where cost of keep 
is not considered. Hard-worked or driv- 
ing horses should not be fed large al- 
lowances of roots. Some advise feeding 
no roots to brood mares for a few weeks 
before and after they foal. 12 

634. Roots for swine. — Roots were 
formerly esteemed by many swine rais- 
ers, especially for feeding brood sows. 
However, in Wisconsin experiments with 
brood sows and fattening pigs, when 
roots were added to efficient rations con- 
taining legume hay, the roots had so 
low a value that they were very uneco- 
nomical. 13 In no case did the addition of 
roots result in the sows having larger or 
more thrifty pigs. 

In these trials alfalfa or clover hay 
was a much more efficient addition than 
roots to the rations of brood sows or fall 
pigs. We might expect this, since leg- 
ume hay is rich in good-quality protein, 
in calcium, in carotene, and in vitamin 
D, and it also has a desirable laxative 
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effect. Roots are palatable, succulent, 
and laxative, but they are low in pro- 
tein and in calcium. Moreover, roots are 
lacking in vitamin D, and roots, except 
carrots, have little or no carotene (vita- 
min A value). 

In experiments conducted many 
years ago in which roots were added to 
inefficient, old-time rations for pigs, 448 
lbs. of roots, on the average, saved 100 
lbs. of concentrates. 14 However, roots 
have a decidedly lower value than this 
for swine when added to modem well- 
balanced rations which include some leg- 
ume hay as a vitamin supplement. 

635. Roots and other succulent 
feeds for poultry. — Some years ago it 
was * considered nearly essential to sup- 
ply succulent feeds to hens in winter to 
secure maximum egg production. This 
has been entirely changed by the effi- 
cient diy rations that have been devel- 
oped through the discoveries in poultry 
nutrition. 

When modern rations are used 
which provide a plentiful supply of 
vitamins and meet the protein and min- 
eral requirements fully, poultry produce 
excellent results during the winter with- 
out fresh green feeds or other succulent 
feeds. The practice of growing cabbage 
or roots especially for poultry has there- 
fore been largely discontinued. 

When green feeds and other suc- 
culent feeds are available for poultry, 
there is no question but that they are 
excellent additions to winter rations. 
Therefore, such green feeds as cull or 
waste cabbage or other vegetables should 
be fully utilized. Where cabbage is 
raised for market, the small, unmarket- 
able heads make a cheap feed for poul- 
try. The cabbage heads should be sus- 
pended by a string about 18 inches from 
the floor, so that the birds can reach 
them easily. A good method of feeding 
mangels or sugar beets is to split them 
lengthwise and stick the halves on nails 
driven in the walls of the hen house, 
about 18 inches from the floor, and then 
let the fowls pick at them. 

636. Potatoes. — In the United States 
other crops excel potatoes ( Solarium tubero- 
sum ) for feed production, and therefore only 


cull or surplus potatoes are generally fed to 
stock. On the other hand, in some sections of 
Europe heavy-yielding varieties of large-sized 
potatoes are often raised for stock. (The use 
of dehydrated potatoes for feeding is dis- 
cussed in Chapter XXIII. ) 

Potatoes contain about twice as much 
dry matter as rutabagas or carrots. However, 
they are more watery than many realize, for 
they have less dry matter and less total 
digestible nutrients than well-eared corn 
silage. They are rich in starch, on the dry 
basis, but are only fair in protein. They are 
deficient in vitamins A and D. These lacks 
are made good when potatoes are fed with 
well-cured legume hay. 

Potatoes are satisfactory for feeding to 
dairy cows, beef cattle, sheep, horses, swine, 
and poultry in limited amounts as a substi- 
tute for grain or other low-protein feed. It 
takes about 400 to 450 lbs. of potatoes to 
supply as much total digestible nutrients as 
there are in 100 lbs. of grain, and this is ap- 
proximately the value of potatoes as a sub- 
stitute for grain in stock feeding. Stated in 
another way, 100 lbs. of potatoes are worth 
about 22 to 25 per cent as much as 100 lbs. 
of grain. 

Potatoes should be cooked for swine and 
poultry, but this is not necessary or profita- 
ble for other stock. It has been generally rec- 
ommended that potatoes should be chopped 
before feeding to cattle or sheep, to make 
them more palatable and avoid choking. 
However, in recent Minnesota trials fattening 
cattle seemed to prefer whole to sliced cull 
potatoes. 15 Stock should be accustomed to 
potatoes gradually, as they are not very pal- 
atable. Feeding too large amounts of raw po- 
tatoes may cause scours. 

Unripe potatoes and especially the 
sprouts of stored potatoes contain small 
amounts of solanin, a poisonous compound. 
It has therefore been advised that in feeding 
badly-sprouted potatoes the sprouts be re- 
moved. In trials at the North Dakota Station, 
however, when dairy cows were fed for con- 
siderable periods on reasonable quantities of 
sprouted, sunburned, or decomposed pota- 
toes, and even on potato sprouts, along with 
other feeds, there was no injurious effect. 16 
Nevertheless, because of reports of stock be- 
ing injured by excessive amounts of potatoes, 
it is not wise to let them have access to an 
unlimited amount of either good or poor- 
quality potatoes. 

637. Value and use of potatoes for var- 
ious classes of stock. — For dairy cows pota- 
toes were a satisfactory substitute for com 
silage in Idaho and North Dakota trials, be- 
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ing nearly equal to silage in value per ton 
when 24 to 40 lbs. were fed per head daily. 17 
However, the potatoes were not so palatable 
as silage, and the cows seemed to lose their 
appetites for potatoes after several months. 
Fed in such quantities, potatoes did not af- 
fect the flavor of the milk or the odor of 
the milk or butter, but milk or cream ex- 
posed to an atmosphere heavy with potato 
odor readily took it up. Potatoes should there- 
fore be fed immediately after milking and 
not before. 

When a large allowance of potatoes was 
fed to cows in Vermont tests, the potatoes 
were not equal to the same weight of dry 
matter in corn silage, and the butter was 
soft. 18 If potatoes are fed in a properly- 
balanced ration they do not dry up cows, as 
is sometimes believed. 

Cull potatoes have been used satisfac- 
torily in place of corn silage for fattening 
beef cattle and beef breeding cows. 19 For 
fattening cattle cull potatoes were worth 
about 80 per cent as much a ton as corn 
silage, or twice as much per ton as rutabagas. 
In Minnesota trials good gains were made bv 
yearling steers fed cull potatoes, oat straw, 
protein supplement, and a little grain. 20 Oat 
straw was better for feeding with potatoes 
than legume hay, as it counteracted the laxa- 
tive effect. 

Cull potatoes are satisfactory as part of 
the ration for fattening lambs or for winter- 
ing breeding ewes. 21 In 12 comparisons with 
fattening lambs the addition of cull potatoes 
to a ration of grain and legume hay, with or 
without a protein supplement, has usually in- 
creased slightly the gains of the lambs. In 
these trials one ton of potatoes was equal 
in feeding value, on the average, to 199 lbs. 
grain and other concentrates plus 447 lbs. 
alfalfa hay. With hay valued at half the 
price of grain per ton, cull potatoes would be 
worth 21 per cent as much per ton as grain. 

Horses and mules may be fed potatoes, 
cooked or raw, in amounts up to 15 or 20 lbs. 
per head daily. 

In English experiments when cooked 
potatoes were fed to pigs as a partial substi- 
tute for grain in well-balanced rations, it re- 
quired about 410 lbs. of potatoes (weighed 
before cooking) to equal 100 lbs. of grain 
and other concentrates. 22 In South Dakota 
and Washington tests cooked potatoes had a 
slightly higher value than this when added 
to properly-balanced rations, 23 For the best 
results in swine feeding, the proportion of 
potatoes should not be greater than 4 lbs. of 
potatoes to each pound of concentrates. It is 
best to add salt to the water in which the 


potatoes are cooked, to increase the paya- 
bility. The potatoes should be cooked thor- 
oughly, and the water in which they are 
cooked should be discarded, as it is not pal- 
atable. Raw potatoes generally produce poor 
results when fed to swine. 24 

Boiled or steamed potatoes are a satis- 
factory substitute for part of the grain for 
poultry. The cooked potatoes, after being 
mashed, may be mixed with an equal weight 
of the regular dry mash and fed as a warm, 
moist mash. When potatoes are added to the 
'ration, it must be borne in mind that they 
are very low in protein, and that they do not 
supply vitamin A value. In Ohio experiments 
it required 410 to 467 lbs. of cooked potatoes 
( weighed before cooking ) to replace 100 lbs. 
of dry mash in feeding broilers, growing pul- 
lets, and laying hens. 25 

Because of the great shortage of "grain 
and other concentrates for livestock feeding 
in Europe during the recent war, potatoes 
were used extensively as a considerable part 
of the rations for poultry. The results were 
good when care was taken tor supply suffi- 
cient vitamins and protein in the potato ra- 
tions. 26 

The value and use .. of dried or dehy- 
drated potatoes are discussed in a later chap- 
ter. (981) 

638. Potato silage. — Experiments show 
that satisfactory silage can be made by run- 
ning a combination of potatoes and hay or 
dry corn or sorghum fodder through the si- 
lage cutter. 27 It is best to add 20 to 25 lbs. 
of dry forage to each 100 lbs. of potatoes, 
but even 10 lbs. may produce satisfactory 
silage. The dry forage absorbs most of the 
excess moisture of the potatoes, and the com- 
bination goes through the proper silage fer- 
mentation. The silage is eaten readily by 
stock and is approximately equal to com si- 
lage in value per ton. For dairy cows the 
allowance had best be limited to about 40 
lbs. daily per 1,000 lbs. live weight. Silage 
made from raw potatoes is not satisfactory 
for swine or poultry. 

A silo for potato silage must be very 
well reinforced to stand the pressure of the 
heavy material, and it should have drains to 
allow the escape of surplus juice. Stones 
taken up with the potatoes in harvesting may 
often damage the knives of the silage cutter. 

Chopped raw potatoes alone do not 
make good silage, and satisfactory silage may 
not be produced when 2 to 3 per cent by 
weight of ground corn is added as a preserva- 
tive. On the other hand, well-steamed pota- 
toes can be successfully ensiled. This method 
has been used considerably in Germany, but 
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under usual conditions it would be much 
simpler and more economical to ensile po- 
tatoes with hay or other dry forage. In an 
experiment in Norway steamed potato silage 
or steamed potatoes satisfactorily replaced 
part of the grain for feeding bacon pigs. 28 

Potatoes can also be mixed with green 
corn or sorghum fodder or a green hay crop 
as it is ensiled. It is best to use not more 
than 500 lbs. of potatoes with each ton of 
green fodder. 

639. Sweet potatoes. — Sweet potatoes, 
( Ipomea batatas ) are a southern root crop 
which is raised chiefly for human food. Re- 


for the 10-year period 1945-1954. Much 
larger yields are secured under good condi- 
tions in the chief producing sections. In 3- 
year tests at 8 locations in the South the 
average yield was 225 bushels per acre. 29 

Sweet potatoes are high in dry matter 
for a root crop, averaging 31.8 per cent, and 
they are rich in starch, but they are ex- 
tremely low in protein. They are also low in 
calcium and phosphorus. These lacks must be 
borne in mind in feeding them. Sweet po- 
tatoes are high in carotene, and the deeper- 
colored varieties are much richer than those 
lighter in color. 



Sweet Potatoes Produce a Large Yield Per Acre 

In the southern states sweet potatoes yield more dry matter per acre than does corn 
grain. However, the cost per acre of growing sweet potatoes is considerably greater. 

In this Alabama field of sweet potatoes the vines have already covered the field. (From 
Ware, Alabama Station. ) 


cently considerable acreages has** been used 
for starch manufacture and for the produc- 
tion of dried sweet potatoes for stock feed- 
ing. ( The value of dried or dehydrated sweet 
potatoes is discussed in Chapter XXIII.) 
Each year several million bushels of cull or 
unmarketable sweet potatoes from crops 
grown for table stock are available for feed- 
ing in the South, and some are grown pri- 
marily for feeding livestock. 

In the southern states sweet potatoes 
will produce more dry matter and a greater 
feeding value per acre than corn grain, but 
the cost is considerably higher per acre in 
growing sweet potatoes, because of the 
greater amount of labor required. The aver- 
age acre yield of sweet potatoes in this coun- 
try was 93.6 bushels, weighing 55 lbs. each, 


Chopped sweet potatoes are a good feed 
for dairy cows and can be used as a substi- 
tute for corn or sorghum silage, or in place 
of part of the grain ordinarily fed. In Louisi- 
ana trials 100 lbs. of chopped sweet potatoes 
equalled 250 lbs. of corn or sorghum silage. 30 

In a Tennessee test with fattening cattle 
100 lbs. of chopped sweet potatoes had a 
somewhat greater value than 150 lbs. of si- 
lage, and in a Georgia test with fattening 
lambs 300 lbs. of sweet potatoes fully re- 
placed 100 lbs. of corn grain. 31 

Sweet potatoes have been used most ex- 
tensively for feeding swine, pigs often being 
turned in the field to harvest the crop. When 
pigs are grazed on sweet potatoes or are fed 
the harvested tubers, the best results are 
secured if they are fed one-third to one-half 
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the usual grain allowance, in addition to pro- 
tein and mineral supplements. Only well- 
grown pigs or older hogs should be grazed 
on the crop, as sweet potatoes are too bulky 
for small pigs. Sweet potatoes produce hard 
pork, but pigs heavily fed on them tend to 
be paunchy and have a low dressing percent- 
age. 

In Louisiana tests it required 4.3 lbs. 
of sweet potatoes to equal 1 lb. of grain and 
other concentrates, when fed in dry lot; and 
4.9 lbs. of the potatoes (but not including 
the vines eaten) to equal 1 lb. of com when 
the crop was hogged-down. 32 The value was 
much lower when proper supplements were 
not provided. 

Since sweet potatoes supply about one- 
third as much total digestible nutrients as 
corn, these values are somewhat lower than 
would be expected from the chemical com- 
position. In a South Carolina test cooked 
sweet potatoes, fed with an efficient protein 
supplement, produced just as good gains on 
fattening pigs as did corn with the same sup- 
plement. 33 On the other hand, much less sat- 
isfactory results were secured from raw 
sweet potatoes. 

Cooked sweet potatoes were used satis- 
factorily in a ration for laying hens in a 
Louisiana trial. 34 

Satisfactory silage was made in a trench 
silo from chopped sweet potatoes, without 
preservative, in a Georgia experiment. 35 

640. Sweet potato vines. — The green 
weight of the sweet potato vines per acre 
from a good crop of sweet potatoes is greater 
than the usual yield of com forage, and the 
vines are a nutritious forage. Sometimes 
stock are turned on sweet potato fields to 
graze on the vines after the crop is harvested. 
However, often but little use is made of the 
vines because it has been necessary to harvest 
them by hand, since they are rooted in the 
soil every few inches of their length. Ma- 
chines have been developed to solve this 
harvesting difficulty. 

Sweet potato vines are hard to cure into 
good hay, as they are very high in water, but 
they make satisfactory silage without a pre- 
servative. Allowing the vines to wilt before 
ensiling them is probably advisable. In an 
Alabama test sweet-potato- vine silage was 
equal to corn silage for fattening cattle, and 
in North Carolina trials silage made from a 
combination of sweet potato vines and cull 
sweet potatoes was equal to corn silage for 
dairy cows. 36 

641. Mangels; fodder beets. — Mangels, 
or mangel wurzels (Beta vulgaris , var.), are 
very low in dry matter, having only 9.2 per 


cent. Yet due to the heavy yields — 20 to 30 
tons per acre on good soil and under favor- 
able conditions — they produce a large 
amount of dry matter per acre. Because they 
stand well out of the ground, mangels are 
much more easily harvested than sugar beets, 
and they also keep better in winter storage 
than sugar beets, rutabagas, or turnips. They 
likewise stand drouth and hot weather better 
than rutabagas or turnips. Mangels should 
not be fed until after they have been stored 
for a few weeks, as the freshly-harvested 
roots may cause scouring. Half-sugar man- 
gels, which are crosses between sugar beets 
and mangels, are richer in dry matter and 
sugar than are mangels. 

Mangels are a very satisfactory feed for 
dairy cows, beef cattle, or sheep, except that 
they should not be fed to rams or wefhers 
for long periods, because of possible danger 
from urinary calculi. (632) In New York 
tests 700 lbs. of mangels equalled 100 lbs. 
of dried beet pulp in feeding value for dairy 
cows. 37 For dairy cows, mangels and sugar 
beets have an advantage over rutabagas and 
turnips, because there is no danger of taint- 
ing tire milk. f* 

Fodder beets are considerably higher in 
dry matter than are mangels, and therefore 
have a higher value per pound. In English 
trials 100 lbs. of fodder beets equalled 190 
lbs. of mangels for dairy cows. 38 Cows tended 
to go off feed if fed more than 60 lbs. of 
fodder beets daily. 

642. Sugar beets. — The sugar beet 
( Beta vulgaris , var.) has been so developed 
for sugar production that some strains now 
contain 16 per cent or more of cane sugar. 
The yields are smaller than those of mangels, 
but owing to the higher sugar content sugar 
beets generally produce about as much dry 
matter per acre. However, they require more 
labor in harvesting than mangels, as they 
set deep in the ground. They are well liked 
by stock and are sometimes fed to dairy cows 
on test. As in the case of mangels, it is not 
wise to feed sugar beets to rams or wethers 
for long periods. (632) 

The composition and value of beet pulp 
and beet molasses are discussed in Chapter 
XXIII. 

643. Beet tops. — In harvesting sugar 
beets for sugar production, the crowns are 
cut off, because they contain salts which in- 
terfere with the recovery of sugar from the 
juice. When gathered without undue waste, 
the tops, which include the crowns and the 
leaves, will weigh from 45 to 75 per cent as 
much per acre as the marketed beets. Often 
the tops are purchased, not on the basis of 
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t^e weight of the tops, but at a certain price 
for the tops from each ton of marketed beets. 

: To utilize the tops, various methods are 
used: Cattle or sheep may be grazed on the 
tops in the field. The tops may be put into 
small piles, allowed to cure out more or less, 
and then hauled to the feeding yards. Some- 
times the tops are ensiled, and occasionally 
they are dehydrated. Pasturing the tops may 
be the most economical method of using the 
tops, if the weather is dry enough to avoid 
considerable wastage, but does not usually 
give the maximum feeding value per ’ 
acre. 

Beet tops are decidedly laxative and 
should therefore be fed in moderation. The 
silage is less laxative than the fresh tops, but 
it is best not to feed more than S to 30 lbs. 
per l\ead daily to cattle, depending on their 
size, or more than 3 lbs. to sheep. Beet leaves 
contain considerable oxalic acid, which is poi- 
sonous if animals receive too large amounts. 
It is best to feed 2 ounces of finely-ground 
limestone or chalk with each 100 lbs. of 
tops, as calcium changes the oxalic acid to 
insoluble calcium oxalate. Adding the cal- 
cium supplement r^hces trouble from scour- 
ing. The oxalic acid is decreased somewhat 
in field curing. 39 If there is considerable dirt 
adhering to the tops, as much as possible 
should be removed before feeding the tops 
or ensiling them. Otherwise digestive dis- 
turbances may result. 

The tops may be fed in larger amounts 
to cattle and sheep, in proportion to their 
live weight, than to horses or swine. This is 
because the fermentations in the paunch of 
ruminants destroy some of the oxalic acid. 

Beet tops are generally ensiled in trench 
silos or in stacks above ground. The tops 
should be as green as possible. 40 They need 
not be run through a silage cutter and need 
no tramping, as they settle well with their 
own weight. It is a good plan to allow a pe- 
riod of 2 to 3 days between ensiling each 
layer of 3 to 4 feet of green tops. Ensiling 
the tops alone is preferable to the methods 
sometimes used of ensiling them in alternate 
layers with straw or in combination with dry 
fodder or stover. 

Beet tops and beet-top silage give the 
best results when fed with legume or other 
hay and along with grain, instead of being 
used as the only roughage. When thus fed 
as part of a balanced ration, they are satis- 
factory for fattening cattle, sheep, and lambs, 
and for dairy cattle. In 15 Nebraska experi- 
ments with fattening lambs the beet tops 
from each ton of sugar beets saved, on the 
average, 24 lbs. concentrates plus 102 lbs. 


alfalfa hay, and slightly more rapid gains 
were secured when beet tops were added to 
the ration of grain and alfalfa hay. 41 

In Nebraska experiments when beet top 
silage was fed as the only roughage to fat- 
tening lambs, serious death losses of wether 
lambs occurred from urinary calculi. 42 (252) 
If alfalfa hay was also fed and the lambs 
actually ate 0.50 to 0.75 lb. of alfalfa a 
day, the losses were greatly reduced. Feed- 
ing soybean oil meal as the protein supple- 
ment also decreased the losses. 

The value of beet tops and beet-top si- 
lage per ton will vary widely, as there is a 
large range in the percentage of dry matter 
contained. In Idaho and Nebraska experi- 
ments with fattening lambs a ton of beet- 
top silage, fed with alfalfa hay, equalled 333 
lbs. alfalfa hay plus 85 lbs. grain or other 
concentrates in feeding value. 43 Beet tops, 
cured more or less, or beet-top silage has 
had an even higher relative value for dairy 
cows, fattening cattle, or fattening lambs in 
other experiments. 44 On the other hand, in a 
North Dakota experiment when fattening 
steers were fed too large an allowance of 
beet-top silage, they scoured badly and the 
silage was worth only one-quarter as much 
as corn silage. 45 On the average, beet-top 
silage will probably be worth approximately 
one-half as much per ton as com silage. If 
dairy cows are fed moderate amounts of beet- 
top silage after milking, the flavor of the 
milk is not affected markedly. 46 

In a New York trial 5 per cent of de- 
hydrated sugar beet leaves was satisfactory 
as a substitute for alfalfa meal in a ration for 
chicks. 47 A larger amount depressed growth, 
unless the percentage of calcium in the ra- 
tion was increased, to make the oxalic acid 
insoluble. 

644. Rutabagas. — The rutabaga, or 
swede ( Brassica napobrassica ) , which is 
grown extensively in Great Britain and Can- 
ada, ranks next to the mangel in ease of 
cultivation. Sheep prefer it to all other roots. 
Rutabagas and turnips do not require such 
fertile soil as mangels, but do best where the 
climate is cool. In the central part of the 
corn belt and southward much of the grow- 
ing season is too hot for them and they are 
apt to grow large necks, instead of develop- 
ing good-sized roots. Like other turnips, ru- 
tabagas are apt to taint the milk of cows, 
unless fed only immediately after milking. 

645. Turnips. — Turnips (Brassica rapa) 
are more watery than rutabagas and do not 
keep so well. Hybrid turnips, crosses be- 
tween the turnip and the rutabaga, keep bet- 
ter than ordinary turnips. Maturing early, 
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large yields of turnips are often secured with- 
out cultivation. Though used mainly for 
sheep, they can also be fed to cattle. 

646. Carrots. — Carrots ( Daucus carota ) 
usually yield much less than the root crops 
previously discussed; they are more particu- 
lar in their soil and climate requirements; 
and the cost of growing the crop is higher. 
They are therefore of little importance for 
stock feeding. Occasionally, carrots are grown 
for horses, which are very fond of these 
roots. Yellow carrots can be used as a source 
of carotene in poultry feeding. 

In Ohio tests carrots were ensiled with 
corn forage, at the rate of 1 ton of carrots 
and tops to 2.25 tons of corn, to make a si- 
lage especially high in carotene. 48 When fed 
to dairy cows, this maintained a high vita- 
min A value and a yellower color in winter 
milk. 

647. Parsnips. — The parsnip ( Pastinaca 
sativa) is the favorite root crop with dairy- 
men on the islands of Jersey and Guernsey. 
Parsnips contain about as much dry matter 
as sugar beets, but as the yield in this coun- 
try is relatively low and the roots are difficult 
to harvest, they are rarely grown here for 
stock feeding. 

648. Jerusalem artichoke. — The tubers 
of this hardy perennial ( Helianthus tubero - 
sus) are sometimes grown for human food, 
for industrial uses, or for feeding livestock. 
They resemble the potato in composition, 
except that the chief carbohydrate is inulin, 
instead of starch. Though artichokes have 
often been recommended enthusiastically for 
livestock, they have proved less economical 
or useful than our common crops and have 
never been used to any appreciable extent 
for stock feeding in this country. 40 In various 
tests the yield of tubers has usually ranged 
from 6 to 15 tons per acre. 

The forage may be cut and used for 
silage or as a green soiling crop, yielding 5 
to 9 tons per acre, but the yield of tubers is 
greatly reduced by cutting the tops for for- 
age. Artichoke silage does not compare fa- 
vorably in value with corn silage. 

The tubers are difficult to harvest and 
do not keep well in storage. They live over 
winter in the ground, and, even when dug in 
the fall, enough are usually left to make the 
next crop. Because of this, they may some- 
times become a weed. Pigs may be turned 
in to harvest the tubers, but should be fed 
grain in addition, as they will make but little 
gain on artichokes alone. For swine feeding, 
artichokes are less valuable than corn grown 
for hogging down, or than other forage crops. 




649. Chufa. — The chufa sedge (Cy- 
perus esculentus ), frequently a weed in damp 
fields on southern farms, produces small, 
chaffy tubers that remain in die ground unin- 
jured over winter. In certain sections of the 
South chufas are often used for fattening 
swine, which are turned in to harvest the 
crop. 50 

Chufas grow best on sandy soils, yield- 
ing 36 bushels of 44 lbs. each per acre in 
Florida tests. As they are very low in pro- 
tein, they should be supplemented by pro- 
tein-rich feeds. Good crops of chufas have 
made 296 to 613 lbs. of pork per acre, after 
making allowance for the other feed con- 
sumed by the pigs. However, they produce 
a soft carcass which can be hardened only 
by prolonged feeding of hardening feeds. 

650. Cassava. — Cassava ( Manihat uti - 
lissima ) , a bushy tropical plant with fleshy 
roots like sw r eet potatoes, can be grown in 
Florida and along the Gulf Coast. Cassava is 
used for the manufacture of tapioca starch 
or for feeding cattle or swine. The growing 
of cassava in this country has declined, be- 
cause other crops give larger yields at less 
expense. 

From 5 to 6 tons of roots, containing 25 
to 30 per cent of starch, are produced per 
acre. Some varieties contain much prussic 
acid and must be heated or dried before 
feeding, to drive off this poison. The varieties 
grown in this country are not poisonous. In 
Hawaiian tests the results were satisfactory 
when cassava roots supplied not over one- 
third the dry matter in rations for pigs, but 
a greater proportion for pigs or dairy cows 
caused scours. 51 

The value of dried cassava meal , or 
manihot meal, the by-product from cassava 
starch factories, is discussed in Chapter 
XXIII. r 

II. Miscellaneous Succulent 
Feeds 

651. Rape. — Dwarf Essex rape 
( Brassica napus ), one of the cabbage 
family, is often grown in the northern 
and central part of the United States as 
a temporary pasture crop or as a soiling 
crop. Rape provides excellent forage over 
a long season; it is easily grown and re- 
quires no cultivation; it thrives on any 
fertile soil adapted to corn; and the seed 
is cheap. Rape pasturage has a high 
nutritive value, for the leafy portions 
are nearly as rich as alfalfa in protein, 
on the dry matter basis. Since the young 
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plants are not injured by light frosts, rape 
f may be seeded in early spring and should 
be 8 to 10 inches high and ready for 
grazing 7 or 8 weeks later. If not pas- 
tured too heavily, the crop will provide 
forage until late in the fall, for the plants 
are not killed by ordinary frosts. Rape 
should never be grazed so closely that 
only the bare stalks remain, or the new 
growth will be greatly reduced. Rape is 
not satisfactory for silage. 

Although rape commonly produces ’ 
the best yield when sown early in the 


Rape is used chiefly as a pasture 
crop for swine and sheep. It is also satis- 
factory for cattle, but dairy cows should 
be fed rape or grazed on the crop only 
immediately after milking, to avoid taint- 
ing the milk. Access to clover or blue- 
grass pasture when on rape is advanta- 
geous for cattle and sheep, as it reduces 
the danger from bloat. Sometimes stock 
must be accustomed to rape, but later 
they become fond of it. Animals on 
rape should have plenty of salt, as this 
checks any undue laxative effect. 



Rape Excels as an Annual Forage Crop in the North 

At small expense rape furnishes excellent pasturage from early summer to late fall. 


spring, it will make a satisfactory crop 
when seeded as late as June or early in 
July, if sufficient moisture is available. 
For fall feeding, rape may be sown in 
corn previous to the last cultivation, and 
it is sometimes seeded in spring grain. 
In the South rape is an excellent winter 
forage crop for fertile soils. 

Rape requires a rich soil and does 
best in a moist, cool season. In Ontario, 
Canada, an average of 19 tons of rape 
forage per acre was secured in tests over 
15 years. 52 Under unsuitable conditions 
rape does not do well and also is often 
seriously damaged by plant lice. 


In the northernmost states rape is 
often seeded for pasture in combination 
with oats and peas, or with only oats or 
barley. The combination furnishes even 
earlier feed than rape, and if conditions 
are favorable, the rape comes on after 
the other forage is grazed off, and lasts 
until late fall. In Wisconsin tests oats- 
peas-and-rape pasture or oats-and-rape 
had a little higher value for pigs than 
rape alone, but farther south, or in other 
sections where field peas do not thrive 
so well, rape is superior to such a mix- 
ture. 53 

Rape is more widely grown in this 
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country for sheep pasture than any other 
annual crop. It is used chiefly as a sup- 
plement to permanent pastures when 
they become scanty in midsummer and 
later. Rape or mixtures including rape 
were decidedly superior to bluegrass 
pasture for lambs in Ohio and Wisconsin 
tests, but in Kentucky excellent bluegrass 
pasture was nearly equal to rape or rape 
mixtures. 54 

As rape may cause bloat in sheep, 
the same precautions should be taken as 
with alfalfa. (49) A combination of oats 
and rape is less apt to cause bloat than 
rape alone. Allowing lambs to graze on 
rape when it is wet or too immature may 
cause scours. It is best to keep sheep, 
especially lambs, off a field of rape 
drenched with dew or rain until the 
leaves are dry. Often shepherds cut rape 
and feed it as a green soiling crop, in- 
stead of pasturing it. This is safer but 
takes considerable labor. Rape may be 
pastured late in the fall, even after it 
freezes, though there may then be more 
danger of bloat. 

Rape or a combination including 
rape is the best annual pasture crop for 
swine where rape thrives. Experiments 
have shown clearly that such pasture is 
nearly equal to alfalfa or red clover in 
value per acre. (466, 472) Where alfalfa 
thrives, it slightly excels rape, chiefly 
because it need not be reseeded each 
year and also because it is a legume and 
thus builds up the soil. Though the por- 
tion of rape plants eaten by pigs is nearly 
as rich as alfalfa in protein, pigs self-fed, 
free choice, corn and a protein supple- 
ment generally eat a somewhat greater 
amount of supplement on rape than if on 
alfalfa or clover. 

Rape occasionally causes blistering 
or sunscalding of swine, especially of 
white ones. This may occur when pigs 
graze in rape when it is wet and then 
get into hot sunshine. Care should be 
taken to rub crude oil, vaseline, or lard 
any blistered spots. As very little 
trouble is generally experienced, even 
with white pigs, one should not hesitate 
rape for swine pasture. 


rape/' is often grown in Great Britain but 
is not common in the United States. In V 
New York tests this variety furnished 
slightly more grazing for sheep than 
Dwarf Essex rape. 55 

Rape is sometimes fed as a green 
feed to poultry, or rape may be used for 
poultry pasture. Rape produces very dark 
colored egg yolks. 

652. Cabbage. — On rich ground cab- 
bage ( Brassica oleracea) produces as much 
palatable forage as do root crops, but be- 
cause more labor is required in its cultiva- 
tion, it is grown but little for stock feeding. 
Cabbage is prized by shepherds when pre- 
paring stock for show, and is also used for 
feeding poultry and milk cows. Like other 
plants of the mustard family, it should be 
fed after milking, to avoid tainting the milk. 
When cabbage is raised for market, the small 
heads and the leaves may be fed to stock, 
unless the leaves carry too much poisonous 
spray residue. 

653. Kohlrabi. — Another member of the 
cabbage family, kohlrabi ( Brassica caulo - 
rapa), can be grown wherever rutabagas 
thrive. Under favorable conditions for ruta- 
bagas, kohlrabi yields less, but in hot weather 
it does better than rutabagas. Since the 
thickened, turnip-like stems stand well above 
the ground, the crop is readily pastured bv 
sheep, which also relish the leaves. Kohlrabi 
apparently does not taint the milk when fed 
to daily cows. 

654. Kale; marrow-stem kale. — Kale 
( Brassica oleracea , var. acephah), a cabbage- 
like plant that does not form heads, is grown 
extensively for stock feeding in this country 
only in the northern Pacific-Coast district. A 
large-growing variety, “thousand-headed 
kale,” is there considered the best fall and 
winter soiling crop for dairy cows and is also 
used for sheep and swine. In that district 
kale will usually remain green most of the 
winter. 

In Oregon tests 131 lbs. of kale equalled 
100 lbs. of corn silage for dairy cows, and 
the yield of kale was so much higher than 
that of corn that an acre of kale was worth 
2 acres of corn silage. 56 Kale, like others of 
the mustard family, should be fed after milk- 
ing to avoid tainting the milk. 

Marrow-stem kale , a kind with enlarged, 
fleshy stems, is used to some extent in Great 
Britain as a soiling crop, especially for sheep. 

It is also sometimes ensiled, being chopped 
and preferably mixed with straw or hay, as 
it is very low in dry matter. 5 7 
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655. Sunflowers as a forage crop. — 
Where the season is too short and cool for 
corn, sunflowers ( Helianthus annum) are 
sometimes used for silage and as a green 
soiling crop. Sunflowers are not affected so 
much as corn by cool weather or injured by 
light frosts, and therefore produce a good 
crop where corn would fail. Sunflowers 
should be ensiled when one-half to two- 
thirds of the heads are in bloom. If cut later 
the forage is less palatable, and the heavy 
heads make the forage difficult to handle, as ’ 
it is top-heavy. 

Sunflowers are inferior to corn for silage 
where the latter thrives, even though they 
will often yield more forage per acre. This is 
because the silage is decidedly less palatable 
and is much lower in feeding value. Average 
sunflower silage has only 12.2 per cent of 
total digestible nutrients, compared with 18.3 
per cent for well-matured com silage. For 
dairy cows 58 and for beef cattle 59 good sun- 
flower silage has usually been worth much 
less per ton than corn silage or sorghum si- 
lage. Its value has been more similar to oat- 
and-pea silage or oat-vetch-and-pea silage. 
The value of sunflower silage has been espe- 
cially low per ton in comparison with that of 
well-matured corn silage, in tests where pigs 
have followed the cattle to utilize the un- 
chewed corn kernels in the manure. For 
sheep sunflower silage has also generally 
been much inferior in value per ton to good 
corn or sorghum silage, or even to that from 
peas and oats or peas and barley. 60 

When stock are accustomed to good 
corn silage, it is sometimes difficult to get 
them to take sunflower silage, but they can 
usually be induced to eat it, if it is mixed 
with more palatable feed. Sunflower silage 
is sometimes rather constipating and had best 
be fed with laxative feeds, such as legume 
hay. 

Sunflowers are sometimes grown in com- 
bination with corn for silage in cool regions, 
with the hope of securing a larger yield or 
a surer crop than from corn alone, and ob- 
taining a more palatable silage than from 
sunflowers alone. If this is done, it is best 
to plant the com and the sunflowers in alter- 
nate rows, because otherwise the tall-growing 
sunflowers will tend to choke out the corn. 

Considering the rather low palatability 
and feeding value of sunflower silage, it 
would generally seem advisable to use a hay 
crop for silage in regions too cool for corn, 
instead of growing sunflowers for this pur- 
pose. 

656. Pumpkins, squashes, and melons. 
— The pumpkin ( Cucurbita pepo) is some- 


times planted in cornfields and the fruits used 
as a relish for horses, cattle, and pigs. Pump- 
kins contain only 10.4 per cent dry matter 
and their feeding value per ton is therefore 
low. One ton of pumpkins, including seeds, 
is about equal in feeding value for dairy 
cows to 333 to 400 lbs. mixed hay or 800 lbs. 
com silage. 61 

Pumpkins are not satisfactory as the 
only feed for pigs, but they may be fed 
along with grain and a protein supplement. 
It will take 10 tons or more of pumpkins to 
equal 1 ton of grain in feeding value for 
pigs. 62 Cooking pumpkins for swine is not 
beneficial. There is a common opinion that 
pumpkin seeds are harmful to stock, but this 
is not true. 63 Feeding the seeds alone, how- 
ever, is apt to cause indigestion on account 
of the high fat content. 

In Colorado hogs have been fattened 
exclusively on raw squashes { Cucurbita , 
spp. ). The meat had a good flavor, but the 
fat had an undesirable yellow color. 64 

Melons , especially pie melons, or citrons, 
are occasionally fed to stock. 65 

657. Honeysuckle. — In some areas of 
the southeastern states semi-evergreen honey- 
suckle vine ( Lonicera , spp. ) grows rampantly 
over shrubs and up trees in wooded pastures, 
furnishing some forage for stock. In Georgia 
tests the young growth, which is the part 
eaten by stock, was about equal to good 
grass hay in content of digestible nutrients, 
on the dry-matter basis, and produced fair 
gains on young cattle as the only feed. 66 

658. Hydrolyzed sawdust; fodder cellu- 
lose. — By heating sawdust with dilute acid 
under pressure, a portion of the woody fiber 
can be converted into more digestible com- 
pounds, including certain sugars. Cattle will 
not usually eat the hydrolyzed sawdust un- 
less mixed with well-liked feeds. However, 
dairy cows have been successfully fed con- 
centrate mixtures containing one-quarter to 
one-third of the hydrolyzed sawdust. When 
thus used the feeding value of hydrolyzed 
sawdust made from either pine or fir has dif- 
fered greatly in the limited tests made with 
it. 67 The value has ranged from only one- 
fourteenth as much as grain to about one- 
half as much as grain. Because of the ex- 
pense of producing the hydrolyzed sawdust, 
the method would be of practical importance 
only during a prolonged period of serious 
feed shortage. 

“Fodder cellulose” has also been pre- 
pared for stock feeding by treating sawdust 
by a sulfite process, similar to the process 
used in making paper pulp, which removes 
the indigestible lignin and leaves mostly 
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wood cellulose. In the feed shortage in Eu- 
rope during the recent war, fodder cellulose 
or paper pulp, gave satisfactory results when 
fed to ruminants as a partial substitute for 
other feed. Since it is tasteless, it was usually 
moistened with molasses to improve the pal- 
atability. 68 Using fodder cellulose as the only 
roughage, or with only straw, for a long time, 
produced digestive trouble, due to the sup- 
pression of the bacterial digestion in the ru- 
men. (45) 

659. Mint hay or silage. — Hay or silage 
can be made from green peppermint ( Men- 
tha piperita ) after the oil is extracted by 
steam distillation. In a Michigan test mint 
hay was a satisfactory substitute for alfalfa 
hay for dairy cows. 69 

660. Pineapple tops. — Chopped pine- 
apple tops, or crowns, which form about 7 
per cent of the weight of the fresh fruit 
( Ananas comosus ) were palatable and equal 
to green Napier grass as the only roughage 
for dairy cows or dairy heifers in Hawaiian 
experiments. 70 The cows ate 60 lbs. or more 
of the tops per head daily. Chopped pine- 
apple tops, with molasses as a preservative, 
made satisfactory silage, but there was an ex- 
cessive loss by seepage, because of the low 
dry matter content. 

661. Ramie meal. — Ramie meal is a 
new dehydrated product made from the 
leaves and tops of ramie ( Boekmeria nivea ) , 
a plant that is grown for fiber in certain sec- 
tions of Florida and other regions with a 
climate that is warm enough. It resembles 
alfalfa meal in protein, carotene, and fiber 
content. Ramie meal has been satisfactory 
as a substitute for alfalfa meal for poultry, 
and may be fed to cattle, mixed with well- 
liked concentrates. 71 

662. Spurry. — Spurry ( Spergula sa - 
tiva), which requires a cool, moist growing 
season, is sometimes used as a catch crop 
for feeding green to stock on sandy land in 
northern Europe. It has proved of little value 
in this country, not being adapted to our hot 
summers. 

663. Tree leaves and twigs. — The leaves 
and small branches of trees are sometimes 
fed to farm animals in certain countries when 
better feed is scarce. In some of the moun- 
tain range areas of this country the leaves 
and twigs of shrubs form no small part of the 
forage eaten by stock. 

Tree leaves are more digestible than 
twigs, and the better kinds compare favor- 
ably with ordinary hay in feeding value. 
Leaves of the ash, birch, linden, and elder 
are valued in the order given. They are eaten 


with relish, especially by goats and sheep. 
These statements apply only to leaves gath- 
ered at the right stage and cured like hay. 
Leaves which turn brown and drop from 
the trees in autumn are worthless for feed- 
ing farm animals. Brush feed, consisting of 
ground and crushed twigs, stems, and leaves, 
has occasionally been used in certain mixed 
feeds as an absorbent for molasses. 

664. Vegetable wastes. — Vegetable tops, 
, leaves, and other wastes, which are a by- 
product in preparing such vegetables as car- 
rots, broccoli, turnips, etc., for the table 
or for dehydration or canning, can be util- 
ized for stock feeding. Dehydrated vegetable 
wastes of this kind can be used as substitutes 
for alfalfa meal in poultry feeding, as they 
are very rich in carotene. 72 

Sometimes dried vegetable wastes are 
solvent-extracted to produce carotene or other 
plant-pigment concentrates. The residue of 
course has no vitamin A value but may be 
used to replace part of the protein supple- 
ment for poultry or cattle. 73 

Cooked potato peelings can be used in 
swine feeding in the same manner as cooked 
potatoes, but have a somewhat lower value 
per pound. 74 

III. Plants of the Arid Districts 

665. Sagebrush, saltbush, and the 
greasewoods. — Many species of sagebrush 
( Artemisia , spp.), saltbush ( Atriplex , spp. ), 
and greasewood ( Sarcobatus , spp,) flourish 
in the arid portions of the West where 
drouth, alkali, and common salt make condi- 
tions unfavorable for most of the ordinary 
forage crops. On many ranges they furnish 
much of the feed consumed by stock. 73 The 
Australian saltbush, introduced into certain 
sections of the West, has proved of much 
less value than was first expected. It is less 
drouth resistant than the native saltbushes 
and is rather unpalatable on account of its 
high salt content. 76 

666. Yucca and sotol. — It has been 
found that various species of yucca (Yucca, 
spp.), including soapweed and the Spanish 
bayonet, and also sotol ( Dasylirion, spp.), 
a near relative of the yuccas, furnish valu- 
able emergency feed for range cattle in the 
Southwest. Usually the dry leaves are first 
burned off and then the plants are cut with 
an axe and hauled to a central location. Here 
they are finely chopped or shredded by spe- 
cial machines and fed to the cattle. The pre- 
pared forage may also be ensiled. The com- 
pact heads of sotol are used similarly. Cattle 
may be maintained on either of these emer- 
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gency feeds alone through long drouths, 
when they would otherwise starve. 77 

667. Russian thistle. — The Russian this- 
tle ( Salsola kali , var. tragus ), now growing 
over great areas of the western plains, is 
used to some extent for pasture, hay, or si- 
lage when better feeds are scanty on account 
of drouth. 78 The mature plants are woody, 
spiny, loaded with alkali, and very unpalata- 
ble. For hay Russian thistles should be cut 
when in bloom, before the spines harden and 
the plants become woody. If the plants are 
too mature when made into hay, the hay 


indicate that when kochia is cut before flow- 
ering it makes satisfactory, leafy hay, which 
supplies nearly as much total digestible nu- 
trients as alfalfa. 79 Kochia makes satisfactory 
pasture for cattle, though not equal to al- 
falfa. 89 

669. Cacti. — During periods of drouth 
the cacti, especially prickly pears ( Opuntia , 
spp.), are a boon to stockmen on the south- 
western ranges. S1 Because of their peculiar 
structure and habits, cacti can survive long 
drouths, though they make little growth at 
such times. The prickly pear cacti, which 



Singeing Prickly Pear with a Gasoline Torch 

After the spines have been singed off, cattle can feed on prickly pear without harm. 
Another method is to cut the cacti and run them through machines which chop them, render- 
ing the spines comparatively harmless. ( From U.S. Department of Agriculture. ) 


should be sprinkled with water several hours 
before feeding, to soften the spines. Even 
early-cut Russian thistle hay is best fed in 
chopped form as only part of the roughage. 
If stock will not eat it satisfactorily, sprink- 
ling it with diluted molasses will help. 

Silage made from Russian thistles may 
be very unpalatable unless molasses is added 
as a preservative, or unless thistles that are 
rather immature and low in dry matter are 
wilted before ensiling them. 

668. Kochia, or burning bush. — Kochia 
( Kochia scoparia ) , also called burning bush, 
fireball, fireweed, or summer cypress, is a 
large coarse annual that is sometimes grown 
as an ornamental, because of its fiery autum- 
nal color. It has become established as a 
weed in some districts. South Dakota tests 


grow wild on the ranges, may be fed where 
they stand by first singeing off the spines 
with a gasoline torch, or they may be gath- 
ered and run through machines which chop 
them in such a manner that the spines are 
comparatively harmless. Cacti grow slowly 
on the range, and can usually be harvested 
but once in 5 years, even under favorable 
conditions. 

Prickly pear cacti contain about 16.6 
per cent dry matter, being less watery than 
roots, and cane cacti ( Cholla , spp.) contain 
somewhat more dry matter. Since they are 
low in protein, all the cacti should be fed 
with a protein-rich concentrate or roughage. 
Cacti alone will not maintain stock. Though 
desert cattle sometimes subsist on them for 
three months of the year, they become very 
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emaciated. Fed in large amounts with no 
dry feed, cacti tend to produce scours. 

Spineless cacti, long known but some- 
times exploited as a novelty, have only lim- 
ited usefulness for stock feeding, because on 
the open range cattle will graze and destroy 
them and also because they must be enclosed 
in rabbit-proof fences, for rabbits are fond of 
them. S2 Spineless cacti will not stand the 
winters in the northern states. 

The chief importance of cacti is to fur- 
nish emergency forage for stock in the semi- 
arid regions in case of drouth, for these 
plants are able to utilize most efficiently small 
and irregular supplies of moisture. For this 
purpose plantations of the spiny cacti may 
be established on the open range, where they 
will be able to grow and hold their own until 
drawn upon in time of serious drouth, for 
cattle will not graze them when other feed 
is reasonably abundant. 

IV. Poisonous Plants and 
Poisonous Feeds 

In this volume only the briefest mention 
can be made of some of the most important 
facts concerning poisonous plants and poi- 
sonous feeds. One in trouble should consult a 
competent veterinarian or his state agricul- 
tural college or experiment station. 

670. Prussic acid, or hydrocyanic acid 
poisoning. — Under certain conditions some 
plants cause the death of stock from prussic 
acid, or hydrocyanic acid poisoning. Of the 
several species of plants which may cause 
such poisoning the most important are the 
sorghums, Johnson grass, chokecherry, black 
cherry, arrow grass, velvet grass, Christmas- 
berry, and Sudan grass. 

When the plants are poisonous, the poi- 
son is usually not present in appreciable 
amounts as free prussic acid, but in the form 
of complex compounds, called glucosides. 
These must be broken down and the free 
prussic acid liberated before poisoning occurs. 
However, the glucosides are readily broken 
down by an enzyme usually present in the 
plant. The poison may be set free in the di- 
gestive tract of an animal eating the danger- 
ous plants, and it may also be set free in the 
plants on wilting or being bruised. Cattle 
and sheep are affected by the poison, but 
horses and swine are apparently not injured, 
or only very rarely. 

The poisonous property usually develops 
in dangerous amounts only when the growth 
of the plants is checked or stopped by drouth, 
frost, trampling, mowing, or wilting. Freez- 
ing that ruptures the plant cells causes a 


rapid liberation of free prussic acid. S3 Young 
plants generally contain much more of the 
poison than when growth is well advanced. 
Certain seeds, such as vetch seed, may some- 
times contain dangerous amounts of the glu- 
cosides. 

Prussic acid poisoning by the sorghums 
occurs chiefly in the western plains states, 
which are especially subject to drouth. Only 
a few cases have been reported in the humid 
sections of the South. When sorghum or 
' other forage is thoroughly cured as hay or 
dry fodder, the poisonous property is usually 
greatly reduced. Silage that has been stored 
for several months is generally safe. Sudan 
grass is much less apt to cause poisoning 
than the sorghums, and is therefore much 
safer to use for pasture or for a soiling crop. 

Stock affected by the poison of fen die 
in a few minutes after eating only a small 
amount of the dangerous forage, perhaps 
only a few mouthfuls. Therefore, there is 
usually no time for treatment. In pasturing 
sorghums the only safe way is to turn an 
animal of little value into the field first. If 
no poisonous effects are observed, the rest of 
the stock may then be allowed to graze the 
crop. 

Glucose in the rumen checks the rate of 
formation of the prussic acid, and it has been 
found that it is wise to give cattle or sheep 
a starchy feed, such as corn or the grain 
sorghums, before allowing them to graze on 
or in the vicinity of plants that may be dan- 
gerous. The starch in the grain forms glucose 
in the digestive tract and thus aids in pre- 
venting trouble. 

If a poisoned animal is discovered in 
time, a drench of molasses diluted with water 
may be helpful, but a veterinarian should be 
called at once to give additional treatment. 

671. Ergot. — The seeds of rye and of 
certain grasses, especially Dallis "grass and 
Argentine Bahia grass, are sometimes at- 
tacked by the ergot fungus, which changes 
the seed into enlarged black masses. This er- 
gotized seed is poisonous to stock if con- 
sumed in appreciable amounts. Injury to 
stock on pasture of Dallis grass or other grass 
affected by ergot can be prevented by not 
allowing the grass to go to seed. 

Rye grain containing ergot may injure 
animals continuously fed it. The poor results 
often secured when rye grain forms a large 
part of the ration for pigs may be due in part 
to ergot in the grain. In a Montana experi- 
ment when brood sows were fed grain con- 
taining not over I per cent of ergot during 
pregnancy, many of their pigs were so weak 
that they died soon after birth, and the sows 
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showed almost complete lack of udder de- 
velopment. 84 

Animals showing any symptoms of in- 
jury from ergot should have their feed 
changed and should be warmly housed and 
liberally supplied with nourishing feed. 

672. Scabbed grain. — Sometimes barley 
and other small grain is seriously affected by 
the fungus which causes scabbed kernels. 
Scabbed grain does not injure cattle, sheep, 
or poultry. 85 On the other hand, horses re- 
fuse grain that is very scabby. Pigs also will 
not eat much badly scabbed grain and are 
made sick if more than about 10 per cent of 
the ration consists of scabbed barley kernels. 

673. Smut on com and other grain. — 
Corn forage or com ears affected by smut 
are apparently harmless to stock, though ani- 
mals may possibly be injured if fed large 
amounts of smut separated from such corn. 86 
There is no need of removing the masses of 
smut from corn forage as it is being fed or 
ensiled or of removing smut from dry fod- 
der. Grain sorghum smuts are also not in- 
jurious to stock, 87 and wheat damaged by 
stinking smut did not injure poultry in a 
Maryland test. 88 

674. Spoiled or moldy feed; forage poi- 
soning; botulism. — Many cases have been re- 
ported in which the death of stock, espe- 
cially of horses, has apparently been caused 
by the eating of spoiled feed. From time to 
time serious losses of horses and cattle have 
occurred, particularly in the Mississippi Val- 
ley, from so-called “forage poisoning,” or 
“corn-stalk disease.” Such trouble occurs 
most frequently in stock grazing on corn- 
stalk fields or fed spoiled corn forage or corn 
silage. Investigations have not yet revealed 
the exact cause of such trouble, though it is 
apparently caused by the spoiled feed. In 
turning stock on stalk fields, especially when 
the crop was not well ripened, it is a good 
plan to put one or two of the least valuable 
animals in first, and watch results closely. 

Most of the common molds are not at 
all poisonous, and therefore feed which is 
badly molded may be entirely harmless. On 
the other hand, certain molds are dangerous, 
and the presence of mold may indicate that 
other changes may have taken place which 
may produce poisons, as in the case of dam- 
aged sweet clover hay or silage. Horses are 
most susceptible to injury from spoiled feed, 
and sheep are also affected more often than 
cattle. Great care should therefore be taken 
not to feed spoiled silage or other feed to 
these two classes of stock. Hay which is 
slightly moldy (except sweet clover hay) is 


not ordinarily dangerous, though it tends to 
cause trouble from heaves in horses. Sweet- 
clover disease, caused by damaged sweet- 
clover forage, has been discussed previously. 
(480) 

Cattle are rarely affected by feed that 
is slightly moldy or spoiled, and usually they 
may be fed silage with traces of mold with- 
out danger. Any large masses of spoiled 
silage should be discarded, and should be 
placed where horses or sheep cannot eat it. 
Swine are not usually affected by moderately 
moldy feed, though they are injured by 
scabbed barley, as has been pointed out pre- 
viously in this chapter. However, sometimes 
moldy corn may kill pigs. For example, the 
death of 25 out of 100 pigs on a North Da- 
kota farm was apparently caused by a partic- 
ular kind of mold. 89 

Occasionally, livestock are poisoned by 
botulism, because of the toxin produced in 
certain materials by the anaerobic botulinus 
organism. Horses, mules, and poultry are 
more susceptible to the poisoning than other 
stock. While the dangerous feed is often 
spoiled or moldy, in some cases it is unfortu- 
nately normal in appearance. 90 Botulism has 
occurred in animals on pasture which have 
been forced to drink stagnant water, doubt- 
less due to the water having passed through 
spoiled vegetation. Decayed carcasses of ani- 
mals or bones are apt to be dangerous. Sus- 
pected samples of feed should never be 
tasted by persons, as mere traces of the poi- 
son may prove fatal. 

In case of suspected botulism or other 
forage poisoning, the feed should be changed 
and a competent veterinarian consulted. 
The use of antitoxin is beneficial in cases 
that are not too far advanced. 

675. Various poisonous plants. — A con- 
siderable list of plants are definitely poison- 
ous to stock, and particularly on the western 
ranges serious losses of stock sometimes oc- 
cur from poisoning. 91 Some plants are dan- 
gerous only at certain stages of growth, and 
some affect one class of animals but not oth- 
ers. 

Stock seldom eat poisonous plants by 
choice, but only when induced or compelled 
to do so by the scarcity of other feed. 92 
When the grazing is scanty, the animals 
should therefore be kept away from spots 
definitely known to be infested with such 
plants. In moving herds or flocks on the 
range, special precautions should be taken 
when it is necessary to pass over a trail that 
has been used by many other animals, for 
all good feed will have been consumed, and 
the stock will eat whatever is left. 
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Among the plants that may cause seri- 
ous trouble on the western ranges are lark- 
spurs, loco weeds, lupines (from the time 
the pods appear), death camas, bitterweed, 
greasewood (early in spring), certain milk- 
weeds, water hemlock (tubers and young 
shoots), woody aster, halogeton, and some 
vetches. 

Most of these plants are poisonous be- 
cause of toxic alkaloids they contain. Haloge- 
ton is poisonous because it has on the clry 
basis as much as 20 per cent of soluble oxa- 
lates (salts of oxalic acid). In the body these 
oxalates form insoluble calcium oxalate, thus 
using up the supply of calcium in the tissues. 
The animal dies as a result of extreme cal- 
cium deficiency. 

Hungry animals are most susceptible to 
halogeton poisoning, because they eat more 
halogeton, even though it is not palatable. 
Also, if there is considerable other food in 
the rumen, some of the soluble oxalates will 
be destroyed in the rumen fermentations or 
converted there into insoluble calcium oxa- 
late. 03 When animals must be trailed through 
an area heavily infested with halogeton, they 
can be protected to a large degree by feed- 
ing once a day pellets containing a high 
amount of calcium supplement. 94 Halogeton 
is usually more dangerous in the fall than in 
late winter, when the soluble oxalates have 
been leached out to some extent. 

Other important plants which may cause 
poisoning are the common brake fern or 
bracken, mountain and sheep laurel, certain 
nightshades, cocklebur (young plants before 
the leaves are developed, and also the 
seeds), corn cockle, horse tail rush, potato 
tops, and the foliage of tung trees. It is of 
interest that bracken and also horse tail rush 
are poisonous because they contain an en- 
zyme which destroys the vitamin thiamine in 
the food. White snakeroot and rayless golden- 
rod not only cause a poisoning of stock, 
called “trembles,” but also the milk pro- 
duced by affected animals may cause the 
same poisoning in humans or suckling ani- 
mals. 

Mustard seed and rape seed contain 
glucosides that may produce poisonous vola- 
tile oils when the seed is eaten. These seeds 
may therefore be dangerous, and also mus- 
tard-seed or rape-seed oil cake from which 
the dangerous property has not been re- 
moved. Castor beans and castor-bean oil 
meal are very dangerous to stock. 

676. Selenium poisoning. — It has been 
found that certain shale soils in areas of 
considerable size in some of the western 
states contain appreciable amounts of sele- 


nium, a mineral which is poisonous to ani- 
mals. Some plants, including woody aster, 
certain vetches, and NuttalFs saltbush, accu- 
mulate the selenium in their tissues, and are 
poisonous only when growing on these soils. 
When these plants die and decay, other 
plants, even the grasses or cultivated crops, 
may take up the selenium and become toxic.' 
The poisoning known as “alkali disease” and 
“blind staggers” in certain northern range 
areas is due largely to this cause. 

A very small amount of certain arsenic 
compounds in the feed or water largely or 
entirely counteracts the injurious effects of 
selenium in such forage. 95 Excellent results 
have been secured when 25 parts of arsenic, 
in the form of sodium arsenite, have been 
added per million parts of the salt supplied 
to the stock on ranges where trouble from 
selenium poisoning has previously occurred. 
(1.9 grams of sodium arsenite per 100 lbs. 
of salt supplies this amount. The arsenite 
must be mixed with the salt with extreme 
care, as it is itself poisonous.) Certain ar- 
sonic acid compounds (arsanilic acid and 
3-nitro-4-hydroxyplienylarsonic acid), which 
are less toxic than sodium arsenite, were ef- 
fective in counteracting selenium toxicity in 
recent South Dakota experiments with pigs. 96 
The feeding of protein supplements and a 
plentiful supply of vitamin A seem to help 
to prevent selenium poisoning. 97 

677. Nitrate poisoning. — In semi-arid 
regions and during drouth in other areas, ni- 
trate occasionally accumulates in small grain 
forage and other plants in poisonous quan- 
tities. 98 (584) Plants injured by 2,4-D or 
other weed killers may have dangerous 
amounts of nitrate. 

Most of the cases of nitrate poisoning 
reported have been caused by oat hay or oat 
straw, but rarely forage from wheat, barley, 
sorghum, corn, or weeds may have a dan- 
gerous amount of nitrate. Cattle are much 
more apt to be affected than are sheep or 
horses. The occurrence of a dangerous quan- 
tity of nitrate in forage can be detected only 
by chemical analysis. Therefore certain of 
the western experiment stations make, for a 
small charge, nitrate determinations in for- 
age samples sent in by farmers. 

The nitrate in the forage is changed to 
nitrite in the digestive tract. When this is ab- 
sorbed into the blood, it changes the hemo- 
globin into a form that cannot transport oxy- 
gen and the animal is asphyxiated. 

678* Other poisoning of farm animals. 

— Many cases of livestock poisoning occur 
through animals having access to poisonous 
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J substances, such as spray materials, paint, or 
fertilizer, which have been carelessly left 
around. Such losses can be avoided by great 
care on the part of every person handling 
these materials. All lead paint is poisonous. 
Animals will not only lick newly painted sur- 
faces or discarded paint containers, but may 
even lick enough lead paint off an old fence 
or building to be poisoned. 

Animals will not usually eat enough 
common salt to be injured at all, but if a 
strong brine is left where they have access 
to it, they may drink enough to be harmed. 

When forage crops are sprayed or 
dusted with the proper amount of a recom- 
mended insecticide or fungicide, the hay, si- 
lage, or pasture forage does not contain 
enough of the spray material to injure live- 
stock. ,The animals should be removed from 
a pasture while it is being treated. 

In the case of dairy cows fed forage 
that has been treated with certain insecti- 
cides, including DDT, chlordane, toxaphene, 
and dieldrin, the insecticide may pass into 
the milk in sufficient amounts to be detecta- 
ble." If fattening animals are fed such for- 
age up to the time of slaughter, the meat 
may have a detectable amount of the in- 
secticide. 100 Methoxychlor, aldrin, or hepta- 
chlor could not be detected in the milk of 
cows fed forage treated with a proper amount 
of the insecticide. 101 

Seed grain that has been treated with 
mercurial or certain other fungicides should 
not be fed to stock. 

It has been found recently that X- 
disease, or hyperkeratosis, a serious disease 
which has sometimes occurred in cattle, is 
caused by highly chlorinated naphthalenes 
in certain lubricants and other petroleum 
products. 102 Because of their excellent lubri- 
cating quality under pressure, these com- 
pounds have been added to some greases 
and oils for lubricating machinery. They also 
occur in certain wood preservatives and 
asphalt products. 

X-disease affects chiefly cattle, and 
sheep are much less susceptible to injury. 
The disease, which may be fatal, causes 
great thickening of the skin, which becomes 
hard, dry, and wrinkled. It also produces 
lesions in the mouth and on other mucous 
membranes, diarrhea, and other symptoms. 
Part of the toxic effect of these compounds 
seems to be an anti-vitamin A action, in in- 
terfering with the conversion of carotene 
into vitamin A. 

Because of the danger from X-disease, 
cattle should be kept away from all products 
that might be dangerous, such as used crank 


case oil and old oil drums. Drainage from 
grease racks or farm machinery sheds should 
not be allowed to contaminate exercise lots 
or pastures. 

QUESTIONS 

1. Why are roots unimportant for stock 

feeding in the United States? Under 
what special conditions may the use 
of roots for feeding be advisable in 
this country? 

2. Discuss the composition and feeding 

value of roots. 

3. Compare the economy of roots and corn 

silage for stock feeding. 

4. What have experiments shown concern- 

ing the value of roots for; (a) Dairy 
cattle; (b) beef cattle; (c) sheep; 

(d) swine; (e) poultry? 

5. Discuss the value and use for stock feed- 

ing of any of the following that may 
be of importance in your district: 
(a) Potatoes; (b) sweet potatoes; 
(c) sweet potato vines; (d) mangels; 

(e) sugar beets; (f) sugar beet tops; 
(g) rutabagas; (h) turnips; (i) car- 
rots; (j) parsnips; (k) artichokes; (1) 
chufas; (m) cassava. 

6. State the characteristics of rape and dis- 

cuss its use in stock feeding. 

7. Are any of the following fed to stock 

in your region? If so, how is the for- 
age used: (a) Cabbage; (b) kohlrabi; 

(c) kale; (d) sunflowers; (e) pump- 
kins, squash, or melons; (f) vegetable 
wastes. 

8. If the following are of importance in 

your section, tell how they may be 
used in stock feeding: (a) Sagebrush, 
saltbush, and the greasewooas; (b) 
yucca and sotol; (c) Russian thistle; 

(d) cacti. 

9. Tell the main facts concerning the fol- 

lowing: (a) Prussic acid poisoning of 
stock; (b) ergot; (c) scabbed grain; 
( d ) smut on grain; ( e ) spoiled or 
moldy feed; (f) botulism. 

10. What general precautions should be 

taken to avoid injury to stock from 
poisonous plants? 

11. Does selenium poisoning or nitrate poi- 

soning occur in your region? 
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CHAPTER XX 

CORN AND OAT GRAINS AND THEIR BY-PRODUCTS 



I. The Characteristics of 
the Cereals as Stock 
Feeds 

679. Importance of the cereal 
grains in stock feeding. — In the previous 
chapters emphasis has been placed on 
the importance for livestock of good 
roughage, including pasture, hay, dry 
fodder, and silage. However, for efficient 
livestock production, concentrates are 
usually needed in addition to good 
roughage. This is because forage alone 
is too low in digestible nutrients and net 
energy to meet the needs of stock for 
high production. 

To secure the greatest profit from 
good daily cows, it is generally necessary 
to feed them a liberal amount of con- 
centrates in addition to plenty of high- 
quality roughage. Likewise, in order to 
produce the quality of meat desired by 
consumers, fattening cattle and lambs 
must usually receive considerable quanti- 
ties of grain or other concentrates. 
Horses or mules cannot do much work 
on roughage alone. Swine and poultry 
must be fed chiefly on concentrates, be- 
cause their digestive systems can make 
only limited use of forage. 

The cereal grains and their by-prod- 
ucts form by far the greater part of all 
the concentrates used for livestock in 
this country. Indeed, all classes of stock 
except poultry are frequently fed only 
farm-raised grain and roughage with the 
small amounts of protein or mineral sup- 
plements in addition that may be needed 
to balance their rations. The grains and 
by-products therefore merit first consid- 
eration among all the concentrates. 

680. Nutritive characteristics of the 
grains. — The cereal grains are all high 
in starch and either low or relatively low 
in fiber. They are therefore rich in total 
digestible nutrients and net energy. In 
addition, nearly all the grains are highly 


palatable to stock, which is important 
with animals being fed for production. 
Rye is the only one of the common grains 
that is sometimes not well liked by stock. 

Corn, wheat, and the grain sor- 
ghums lead in amount of total digestible 
nutrients and net energy, being closely 
followed by barley and rye. Oats, with 
their thick hulls, are higher in fiber and 
therefore lower in digestible nutrients. 

Corn and rice are decidedly low in 
protein, and other grains are relatively 
low in protein. The proteins of the grains 
are also of poor quality, for they con- 
tain only small amounts of certain of 
the essential amino acids. (120) In feed- 
ing swine and poultry, efficient results 
cannot therefore be secured unless pro- 
tein supplements of good quality are fed 
in addition to grain, so that sufficient 
amounts of these amino acids will be 
supplied. 

It is fortunate indeed that for dairy 
cows, beef cattle, sheep and horses, leg- 
ume hay will fully make good any de- 
ficiencies of the cereal grains in quality 
of protein and will also largely or even 
entirely balance the ration in amount of 
protein. (126) Even for swine, legume 
hay and especially legume pasture help 
to make good the deficiencies of the ce- 
real grains in amount or quality of pro- 
tein. (124) 

The grains are not rich in phos- 
phorus, but are slightly higher in this 
mineral nutrient than are the common 
hay crops, including both the legumes 
and grasses. (148) Corn and the grain 
sorghums are lower in phosphorus than 
oats, wheat, barley, or rye. Certain of the 
grain by-products, especially wheat bran 
and wheat middlings, are rich in phos- 
phorus. On the other hand, corn gluten 
meal and brewers" grains do not contain 
much more phosphorus than the grains 
themselves. 

All the grains are very low in cal- 
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eium, and this fact must be borne in 
mind in livestock feeding. ( 146 ) Corn is 
especially deficient in this respect. 

None of the grains contains an ap- 
preciable amount of vitamin D. (204) 
With the exception of yellow corn, none 
of the grains supplies any significant 
amount of vitamin A value. (197) The 
grains are fairly rich in thiamine but are 
low in riboflavin. Wheat, barley, and the 
grain sorghums contain considerable nia- 
cin, but corn, oats, and rye are much 
lower in content of this vitamin. All the 
grains supply vitamin E in fair amounts. 


nually for all purposes, During recent 
years the acreage has been reduced to 
about 80,000,000 acres. However, be- 
cause of the general use of high-yielding 
hybrid corn and more adequate fertiliza- 
tion, the total production of corn grain 
has not been lessened. 

For the 5-year period, 1949-1954, 
the average yield of corn grain in this 
country was 37.7 bushels per acre, a 
record high average yield, in comparison 
with 25.2 bushels for the 10-year period 
of 1924-1933. The high yield per acre 
during recent years was brought about 



Corn Is by Far Our Most Important Crop 

In acreage and in value Indian corn is the most important crop in the United States. 


II. Indian Corn and its 
By-products 

681. Importance of Indian corn for 
grain. — Indian corn ( Zea mays ), or 
maize, is by far the most important crop 
in the United States. Nearly one-quarter 
of our entire crop acreage each year 
grows corn, and of the entire crop, over 
85 per cent is harvested for grain. Corn 
holds this position in our country because 
it surpasses all the other cereals in yield 
of both grain and forage, wherever it 
thrives. 

Previous to the restrictions on corn 
acreage in the United States, about 90,- 
000,000 acres of corn were grown an- 


by the general adoption of high-yielding 
hybrids, combined with improved ferti- 
lization and a succession of years of 
favorable weather. 

The general requirements for the 
growth of com and its use and value as 
a forage crop have already been dis- 
cussed in Chapter XVII. 

682. Composition and nutritive 
value of corn, — Corn grain is one of the 
best feeds for all classes of stock, when 
it is so fed as to take advantage of its 
great merits and to correct its deficien- 
cies. It ranks far ahead of any of the 
other cereals in importance for livestock 
feeding in the United States, about 90 
per cent of our huge corn crop being fed 
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to farm animals. The value and use of In the first year, which was a good 

com for each class of stock are discussed corn year, the average protein content 
later in this chapter. of Grade No. 2 dent corn over the coun- 

Corn ranks high among the grains in try was only 8.7 per cent. The following 

total digestible nutrients and net energy, year, which was a year in which some 

The high content of total digestible nu- com did not mature so well, the average 

trients (81.9 per cent for dent com of protein content on the same dry-matter 
No. 1 grade) is due to the following: basis (85 per cent diy matter) was a 
Corn is very rich in nitrogen-free extract, trifle higher, being 8.9 per cent, 
which is nearly all starch; it is higher in This decrease in the protein content 

fat than any of the other cereals except of our corn grain since the general adop- 
oats; and it is very low in fiber and there- tion of hybrid varieties seems to be due 
fore highly digestible. Another advan- to a combination of factors. Because of 
tage of corn is that it is probably the the high yield of hybrid com, together 
most palatable of the cereals for most with the heavier planting rates now corn- 
farm stock. A possible explanation for monly used, the available nitrogen sup* 
j this is the high fat content, and the fact ply in the soil is nearly exhausted before 

that on chewing, the kernels break into the corn matures, unless the crop is fer- 
nutty particles which are more palatable tilized unusually liberally with nitrogen, 
than meal from wheat, for example. Consequently, the protein content of the 

j, The statement is sometimes made grain is reduced. 3 In addition, even 

that corn is too “heating” to be fed to when well fertilized with nitrogen, most 

fattening animals as the only or the chief of the hybrid varieties apparently tend 
grain in warm weather. It is time that to produce grain of somewhat lower pro- 
more care may be necessary to prevent tein content than did the old open-polli- 
such stock from going off feed in hot nated varieties formerly grown. 4 
weather when fed all the corn they will Corn is extremely low in calcium, 

eat. This is because corn is such a con- having but 0.02 per cent. This means 
centrated feed. However, even in hot that there is only 0.4 lb. of calcium in an 

weather, corn gives excellent results entire ton of the grain. Corn also has less 

when fed as the only grain to fattening phosphorus than other common grains, 

animals, if care is taken not to overfeed No. 2 dent corn having an average of 
them. only 0.26 to 0.27 per cent. 

Since it is so rich in starch, corn is It is pointed out in following para- 

naturally low in protein. Also, the pro- graphs that yellow corn has considerable 
tein of corn is of poor quality for non- vitamin A value, while white corn has 
ruminants, because it is low in two of none. Both yellow and white corn lack 
the essential amino acids — tryptophan vitamin D. Corn is fairly rich in thiamine, 
and lysine. but it is lower than wheat or barley in 

Most of the varieties of hybrid dent niacin, and, like all the other grains, is 
corn now so widely grown in this coun- low in riboflavin. 

try are apparently lower in protein than 683. High-protein or high-fat corn, 

the varieties formerly raised. In the com- — Through long-continued inbreeding, 
pilation of analyses published by the plant breeders some years ago developed 
author in 1936, the average protein con- strains of corn in which the grain was 
tent of No. 2 dent corn was 9.4 per cent. 1 much higher than normal in protein or 
The figures for the average composition i n fat. However, the yield of these in- 
of dent corn given in Appendix Table I bred strains was too low for them to be 
of this volume are based on nation-wide of practical importance. By utilizing 
studies made during two seasons by the high-protein inbred strains in the breed- 
Committee on Feed Composition of the ing of certain hybrid varieties, hybrids 
National Research Council of the com- have been produced which are high in 
position of the leading hybrid varieties protein but also yield fairly well, 
in the various states. 2 High-protein hybrids have been de- 
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veloped commercially that produce grain 
having 11 to 15 per cent protein when 
the crop is liberally fertilized with nitro- 
gen. However, the yield of the present 
high-protein hybrids is generally so much 
lower than that of the best ordinary hy- 
brids that their use has not become com- 
mon. 

Experiments have shown that in 
high-protein corn the chief increase is 
generally in zein, which lacks lysine and 
has very little tryptophan. 5 (117) The 
total protein of such corn is therefore 
lower than usual in these two essential 
amino acids. Consequently, in feeding 
high-protein corn to swine or poultry, 
'this lack must- be corrected by the use of 
protein supplements, such as fish meal, 
soybean oil meal, or blood meal, which 
have good supplies of these amino acids. 6 

The use for cattle or sheep of high- 
protein corn grain or silage made from 
such com reduces the amount of protein 
supplement needed to balance the ra- 
tion. However, this saving is not usually 
sufficient to offset the lower yield of the 
high-protein corn. 7 

684. Yellow corn has vitamin A 
value. — It has been shown in Chapter 
VII that yellow varieties of corn and 
varieties with yellow endosperm (the 
starchy part of the kernel) have consider- 
able vitamin A value, because of the con- 
tent of carotene and related pigments. 
(197) Yellow corn is therefore an im- 
portant source of vitamin A in stock feed- 
ing. However, it has much less vitamin 
A value than green forage or even well- 
cured hay. Part of the yellow color in 
yellow corn is due to xanthophyli, which 
has no vitamin A value. White corn or 
other corn with white endosperm has 
practically no vitamin A value. 

In general, deep yellow corn has a 
higher vitamin A value than light yellow 
varieties, although the vitamin value is 
not always proportional to the depth of 
yellow color. This is because the propor- 
tion of xanthophyli varies. On storage 
for 2 or more years, the vitamin A value 
of yellow corn sometimes decreases con- 
siderably, without any great change in 
color of the com. ( 195 ) 

The vitamin A value of red varieties 


or varieties with hulls of other colors will 
depend entirely on whether the endo- 
sperm is yellow or white. The gluten of 
yellow corn is richer than the rest of the 
kernel in vitamin value. Therefore corn 
gluten feed and com gluten meal from 
yellow com are richer than yellow corn 
in vitamin A value. 

Whether or not yellow corn will 
have a higher value than white corn for 
stock feeding, will depend on whether 
the other feeds in the ration provide 
plenty of vitamin A value. In general, 
white corn is equal to yellow corn for 
all stock on green, actively-growing pas- 
ture and also for dairy cattle, beef cat- 
tle, sheep, or horses which are fed a rea- 
sonable amount of good-quality hay or 
silage. 8 For swine or poultry that are not 
on pasture, the difference in vitamin A 
value of yellow and white corn may 
make all the difference between profit 
and failure, unless care is taken to pro- 
vide sufficient of the vitamin in other 
feeds. 

For example, in 5 Wisconsin tests 
young pigs not on pasture were fed to 
market weights on either white corn or 
yellow corn, supplemented by tankage, 
skimmilk, or whey and linseed meal (all 
of which supply little or no vitamin A). 9 
The pigs fed yellow com made decidedly 
more rapid and economical gains than 
those fed white com, and on white corn 
many pigs became runts or died because 
of the vitamin deficiency. On the other 
hand, for pigs on good pasture there was 
no difference in the value of the two 
kinds of com, because green forage sup- 
plies an abundance of vitamin A value. 
Adding a small amount of leafy, well- 
cured legume hav to the ration entirely 
corrects the deficiency of vitamin A in 
white com and in the small grains. 

Yellow corn produces yellow color 
in the yolks of eggs and in the shanks, 
beak, and skin of fowls, while white com 
does not. This is due partly to the caro- 
tene it contains, but chiefly to the xan- 
thophyli. (14) Except for this difference, 
white corn is equal to yellow for poultry, 
if the ration otherwise supplies plenty 
of the vitamin, 10 

Previous to the discovery in 1920 
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that yellow corn has vitamin A value, 
only about one-half of the corn sold un- 
der Federal inspection on the large mar- 
kets in this country was yellow. By 1942, 
90 per cent of the corn on these markets 
was yellow. Because of the scarcity of 
white corn, it commanded a premium in 
price, as it is required for certain special 
uses, such as the manufacture of corn 
flakes. 


is changed to tough, horny starch as they 
mature. Mature sweet corn has somewhat 
more protein, much more fat, and corres- 
pondingly less carbohydrates than dent 
corn. 

Pop corn that is off-grade and un- 
suitable for popping may be used for 
feeding. It should be ground as the ker- 
nels are very hard. Pop corn is higher 
than dent corn in protein and fat. 



Ears of Different Types of Corn 

From left to right: Pod corn, a primitive type; soft com, an unimproved type having no 
horny starch; pop corn; sweet corn; flint corn; dent com. (From Wisconsin Station.) 


685. Types of corn . — Dent corn is 
the type generally raised in this country. 
Flint corn has about the same chemical 
composition and feeding value as dent 
corn, but the kernels are harder because 
the starchy portions are mostly horn-like 
and flinty. Since flint com is harder, 
there may be more advantage in grind- 
ing it than in the case of dent corn. In 3 
Ohio experiments shelled flint corn was 
worth 3 per cent less than dent corn 
when self fed to fattening pigs. 11 

Sweet corn is rarely fed to stock. 
Before hardening, the milky kernels of 
sweet corn have much glucose, which 


Waxy corn, in which the starch is 
waxy and similar to tapioca starch, is 
grown to a limited extent because of the 
special qualities of the starch for food 
and technical uses. Though waxy corn 
was less palatable to pigs in Nebraska 
trials, it was fully equal to ordinary corn 
in feeding value. 12 It also equalled dent 
corn in value for chicks. 13 

686. Hybrid corn; hardness of ker- 
nels. — The kernels of some of the hybrid 
corn varieties are considerably harder 
than those of the old open-polinated va- 
rieties, and also most of the hybrids are 
lower in protein. Several experiments 
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have therefore been conducted to com- 
pare various hybrids with open-polli- 
nated varieties which were formerly 
grown widely. 14 In some of the tests the 
hybrids have been fully equal to the 
older varieties for swine or for fattening 
cattle, but in other tests they have been 
worth slightly less per bushel. For ex- 
ample, in 7 Ohio experiments with grow- 
ing and fattening pigs fed plenty of pro- 
tein supplement, hybrid corn was worth 
97 per cent as much, on the average, as 
open-pollinated varieties. Any such small 
difference in feeding value is much more 
than offset by the higher yield of hybrid 
corn adapted to the particular section. 

If the hybrid corn is low in protein, 
obviously, a greater amount of protein 
supplement must be fed with it to bal- 
ance the ration. 

687. Storage of corn. — For safe 
storage in the fall in the usual types of 
corn cribs, ear corn should be sufficiently 
matured so that the kernels do not con- 
tain more than about 20 per cent of 
water. The cobs will then have a con- 
siderably higher percentage of water. 
Shelled corn stored in an ordinary bin 
may spoil in warm weather if it has more 
than 13 to 14 per cent of water. In cool 
weather it can be shipped without much 
risk of heating when it contains as much 
as 16 to 18 per cent of water, but such 
corn cannot be stored safely for any long 
period. 

For satisfactory storage, ground 
corn must be thoroughly dry, containing 
not more than 12 to 13 per cent water, or 
else it is apt to mold or turn rancid. Even 
then it may gradually become sour; 
therefore com should not be ground a 
long time before it is fed. 

In the North corn is stored on the 
farm mostly as husked ear corn, but in 
the South the husks are left on, in order 
to protect the ears from weevils. 

688. Grades of shelled corn; weight 
of corn. — Shelled corn is sold on the 
large markets according to the Federal 
corn grades. These are based on the per- 
centage of water and also on the per- 
centage of unsound kernels and foreign 
material. Since the feeding value de- 


pends, first of all, on the water content, 
separate averages are given in Appendix 
Table I for com of the various grades. 

According to the Federal grades, 
the percentage of water in corn must 
not exceed 14 per cent for Number 1; 
15.5 per cent for Number 2; 17.5 per 
cent for Number 3; 20.0 per cent for 
Number 4; and 23,0 per cent for Num- 
ber 5. Corn containing more than 23 per 
•cent water, or which does not come up 
to the standards in other respects, must 
be sold as “Sample grade.” 

Seventy pounds of dry dent ear corn 
of good varieties yield 1 bushel, or 56 
lbs., of shelled com, but in early fall 
buyers frequently demand 75 to 80 lbs. 
or more, according to the estimated 
water content. Flint varieties have a 
somewhat smaller shelling percentage 
than dent corn. 

689. Soft corn. — When com is frosted 
before the grain matures, the ears contain 
too much water for ordinary storage. Such 
soft corn can best be utilized for stock feed- 
ing. The entire crop may be ensiled; it may 
be put in small, well-built shocks in the 
field until it is fed; or silage may be made 
from the snapped ear corn. Soft com should 
be used up during the cold weather, as it 
will spoil when the weather becomes warm. 
Soft corn can be dried with heated air, for 
storage. 

Soft corn that has not reached the dent 
stage is lower in nitrogen-free extract and 
fat than mature com, and is therefore lower 
in energy value. However, it is higher in 
protein. 

Soft corn, if not moldy, may be fed to 
all classes of stock. 15 It is well to accustom 
animals to it gradually, to avoid possible 
digestive disturbances. Experiments have 
shown that when soft corn is of good quality, 
the feeding value of the dry matter in it is 
about equal to that in mature corn. Of 
course, the value per acre is much lower, 
because of the reduced yield of dry matter 
from the immature crop. The gains of fatten- 
ing cattle may be somewhat slower on soft 
com than on mature corn, owing to a smaller 
consumption of dry matter. 

Moldy soft corn had best be fed to cat- 
tle or swine, as it may be dangerous to horses 
and even to sheep, though sheep sometimes 
do well on it. When soft corn becomes 
moldy, it is worth considerably less, on the 
dry basis, than sound corn. 
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Snapped ear com makes satisfactory si- tion and value as ground corn, except it 
lage, which may be fed as a substitute for is slightly higher in protein and fat, but 
odier forms of corn grain to cattle or sheep.™ it is als0 so ° e what higher in fiber. 

It has not given good results m tests with „ j 7 6 7 j 

pigs. The snapped corn must be chopped „ . C °™-™d-cob meal, ground ear 
finely by running it through a silage cutter com > an<a ear corn chops all mean the 
and should be tramped well in the silo. If entire ground ear corn, including the 
the corn is past the milk stage, it is well to co ^ s - The cobs usually form about 20 
add approximately 40 gallons of water to per cent of the weight of corn-and-cob 
each ton of ears. Chopped straw or corn sto- meal. Because of the ground cobs, corn- 
ver, well wet down, should be used to cover and-cob meal is more bulky than ground 
the ear corn at the top of the silo, to prevent „ corn 

the waste of the more valuable feed. Flood- ' 0 n account of the mbbery nature 

damaged ear corn may be similarly ensiled. of com cobSj more power is n ' eded t0 

690. Forms in which corn is fed. — grind ear corn than shelled com. How- 

Corn grain is fed in the following dif- ever > it may cost less to grind the ears 
ferent forms: ear corn, snapped corn, than to shell the corn and then grind it. 
shelled corn, cracked corn, ground corn, When the entire corn ears in the 

corn-and-cob meal (ground ear corn), husks, or shucks, are ground, the prod- 
and ground snapped corn. Sometimes uct is called ground snapped corn , or ear 
hogs or fattening lambs or cattle are corn °hops with husks. 

turned into a ripe field of standing corn The use of corn-and-cob meal and 

to harvest the crop. The relative values ground snapped corn for the various 
of the various ways of feeding corn to classes of stock is discussed in the fol- 
the different farm animals are discussed lowing articles. 

in articles which follow. The best form 691. Corn cobs. — Except when ear 

for any class of stock will depend pri- com was ground into corn-and-cob meal, 
marily on how thoroughly the animals but little use was made of ground corn 
chew the grain when fed whole. cobs for stock feeding until recently. Be- 

Ground corn is the term commonly cause of the great quantity of cobs avail- 
used in this book for the entire ground able annually in this country, many ex- 
grain from which the hulls or germs have periments have been conducted during 
not been removed. Ground corn is also the past few years to find how ground 
called corn chop or corn meal Very corn cobs can be utilized for feeding 
coarsely ground corn is called cracked ruminants. 

corn . Corn cobs have 32 per cent fiber 

When corn is ground for stock, and even for ruminants usually supply 
medium-fine grinding is preferable to only 45.9 per cent of total digestible nu- 
fine grinding, for such ground corn is tiients, which is a trifle more than in 
more palatable, and also much less power oat straw or cottonseed hulls. They have 
and labor are required for the grinding, only 2.3 per cent of protein, and this is 
As has been mentioned previously, digested so poorly that they furnish no 
ground com in any form does not keep digestible protein. They are also very low 
so well in storage as shelled corn or ear in minerals, having but 0.04 per cent 
corn. phosphorus. They do not supply caro- 

Especially for poultry feeds, the fine tene and are very low in other vitamins, 
siftings are often removed from cracked The experiments have shown that 

corn or coarsely-ground corn, and the to enable ruminants to utilize ground 
product is then called screened cracked corn cobs, the ration must be amply sup- 
corn, screened ground corn or screened plemented, or else the nutrients will not 
corn chop. be provided to permit efficient digestion 

The fine siftings that are removed, of the ground cobs by the rumen bac- 
with or without the light fragments of teria. 17 (45) The supplements needed 
of the hulls, etc., are known as corn feed are: (1) A plentiful supply of protein. 
meal. This has about the same composi- This can be replaced partly by a protein 
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substitute, such as urea. (2) A source of 
readily available energy, such as mo- 
lasses or ground grain. (3) Additional 
phosphorus and other minerals. (4) 
Unidentified factors needed by the ru- 
men bacteria, which are furnished by 
high-quality roughage or by molasses. 

Even when adequately supple- 
mented, ground cobs are distinctly a 
roughage, and a low-grade roughage at 
that. However, ground cobs may be an 
economical roughage when available for 
not much more than the cost of hauling 
and grinding. They cannot replace corn 
grain or other feeds high in total digest- 
ible nutrients and net energy. 

Most of the experiments to study 
the use of ground cobs have been with 
beef cattle, and cobs apparently have the 
most usefulness for them, especially as 
part of the ration for wintering young 
stock or beef cows. Data are limited con- 
cerning the value of ground cobs for 
dairy cows or sheep. 

Swine or poultry can get little nour- 
ishment from corn cobs. Ground cobs 
should therefore not be added to their ra- 
tions, except as ear corn is ground for 
swine to form corn-and-cob meal. (703) 

Corn cobs must be ground fine 
enough so larger particles will not be re- 
fused. In grinding them with a hammer 
mill, a one-half or five-eighths inch 
screen should be used. As ground cobs 
are not palatable when fed separately, 
the supplement should be well mixed 
with them. 

When ground cobs are high in mois- 
ture, considerable heating and molding 
will occur if they are stored longer than 
about 2 days in warm weather. 

692. Ground corn cobs for beef 
cattle. — Experiments have shown that 
when properly supplemented, ground 
cobs can be used as the only roughage 
for wintering young beef cattle or beef 
cows. In Indiana trials calves have 
gained 1.0 to 1.5 lbs. a day when win- 
tered on ground corn cobs and 3.5 lbs. 
per head daily of such a protein-rich 
supplement as Purdue Supplement A, 
described in Chapter XXVIII. 18 In these 
experiments ground cobs, fed as the only 
roughage, produced greater gains than 


did oat straw or cottonseed hulls, but not 
nearly such large gains as did corn si- 
lage similarly supplemented. 

In Kansas trials calves made as good 
gains with properly supplemented 
ground cobs for the only roughage as 
with prairie hay. 19 However, more pro- 
tein supplement was of course needed 
with the ground cobs. In Nebraska tests 
ground cobs satisfactorily replaced half 
the com silage in well-balanced rations 
for wintering calves. 20 

Ground cobs, fed with 4.8 lbs. per 
head daily of a protein-rich supplemental 
mixture, were as satisfactory as grass hay 
for wintering beef cows in North Caro- 
lina trials. 21 

Ground corn cobs can be used to re- 
place part of the corn grain in a ration 
for fattening cattle. The use of corn-and- 
cob meal, which contains about 20 per 
cent of cobs is discussed later. (696) 
When com is high in price or the supply 
is limited, it may be economical to 
include more ground cobs in the concen- 
trate mixture, especially in fattening cat- 
tle of the lower grades that are not car- 
ried to a high degree of fatness. 

When twice as much ground cobs 
as are present in corn-and-cob meal have 
been included in rations for full-fed fat- 
tening cattle, the gains have usually been 
less rapid than when com grain, with- 
out cobs, was used instead. 22 Also, the 
cattle do not reach as high a finish and 
bring a slightly lower price on a discrim- 
inating market. If pigs follow the fatten- 
ing cattle, less pork is produced on high- 
eom-cob rations. Considering these 
factors and also the greater amount of 
protein supplement needed with added 
ground cobs, they have been worth about 
one-half as much per ton as com grain 
when thus used. 

In an Iowa experiment fattening 
cattle made excellent gains when self-fed 
only a mixture of corn-and-cob meal, 
ground cobs, soybean oil meal, cane mo- 
lasses, urea, minerals, stilbestrol, and vi- 
tamin A supplement. 23 

693. Ground com cobs for dairy 
cattle and sheep. — Indiana and Virginia 
experiments show that ground cobs are 
very unsatisfactory as the only rough- 
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placed bromegrass hay for dairy heifers 
in an Illinois trial, but the hay was 
cheaper. 26 In Kentucky experiments 
ground cobs, well supplemented, were 
equal to cottonseed hulls as the rough- 
age for dairy heifers. 27 

Ground corn cobs had no appreci- 
able value as part of the ration for 
wintering breeding ewes in 3 Ohio exper- 
iments, and in an Indiana trial less satis- 
factory results were secured with ground 
cobs, properly supplemented, as the only 
roughage than with corn silage or grass 
silage. 28 

694. Corn for dairy cattle. — Corn is 
an excellent feed for dairy cows or other 
dairy cattle, when fed with feeds that 


corn does not increase the trouble from 
mastitis in daily cows. 29 

Good legume hay, especially alfalfa, 
makes good the deficiency of corn in pro- 
tein. Therefore, for average cows such a 
mixture as one-half ground corn and one- 
half ground oats, without protein sup- 
plement, is satisfactory, if half the rough- 
age, on the dry basis, is alfalfa. 

On the other hand, the results are 
very unsatisfactory when corn or such 
a mixture as corn and oats is fed with- 
out a protein supplement to cows receiv- 
ing little or no legume roughage. For 
example, in an Illinois experiment one 
group of cows was fed on corn grain as 
the only concentrate, with timothy hay, 
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age for dairy cows, even when well sup- 
plemented, but that the milk production 
is only slightly decreased when ground 
cobs are substituted for half of the hay 
usually fed. 24 In another Virginia trial 
the milk production was only slightly de- 
creased when 20 per cent of ground cobs 
was added to a concentrate mixture that 
contained one-half corn-and-cob meal. 25 

A mixture of ground cobs, soybean 
oil meal, bone meal, trace minerals, and 
vitamin A-D supplement satisfactorily re- 


make good its deficiencies. Since corn is 
a heavy feed, most dairymen prefer to 
use it as only part of the concentrate mix- 
ture, mixing ground corn with such 
bulkier feeds as wheat bran or ground 
oats. Nevertheless, for cows of average 
production, a mixture consisting only of 
ground corn and protein supplement can 
be used satisfactorily. (1016, 1071) 

A West Virginia test shows that, 
contrary to the beliefs of some, a con- 
centrate mixture consisting chiefly of 
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corn silage, and a small amount of clover 
hay for roughage. 30 Another group was 
fed a well-balanced ration of clover hay, 
corn silage, and a mixture of ground corn 
and gluten feed. The cows fed the bal- 
anced ration produced 47 per cent more 
milk and 39 per cent more fat than those 
fed the same weight of concentrates and 
roughages in the unbalanced ration. 

Experiments have proved conclu- 
sively that it pays to grind shelled corn 
or ear corn for dairy cows. 31 If cows are 
fed whole shelled corn, as much as 18 to 
35 per cent of the grain passes through 
the digestive tract unchewed and with 
but little digestion of the nutrients in 
these whole kernels. The corn should be 
ground to only a medium degree of fine- 
ness, for extremely fine grinding is un- 
necessary and unduly expensive. Merely 
cracking it is not sufficient to ensure 
thorough digestion. 32 

Shelled com is chewed thoroughly 
by calves up to 8 or 9 months of age 
and therefore it is unnecessary to grind 
it for them. 33 Heifers also chew corn 
much more thoroughly than do cows. In 
Michigan experiments only 6 per cent 
of the shelled corn was not masticated 
by calves and 11 per cent by heifers, in 
comparison with 23 per cent by cows. 34 

When other bulky concentrates are 
not included in the ration, 100 lbs. of 
corn-and-cob meal, including the cobs, 
may equal or approach in value an equal 
weight of ground corn. On the other 
hand, if the concentrate mixture is al- 
ready reasonably bulky, corn-and-cob 
meal is apparently worth no more than 
the amount of corn grain it actually con- 
tains, fed as ground corn. 35 If the cost 
of grinding ear corn to corn-and-cob 
meal is less than the cost of shelling it 
and then grinding the shelled corn, it is 
economical to use corn-and-cob meal, 
even if there are other bulky feeds in the 
concentrate mixture. 

In 3 Ohio trials simple concentrate 
mixtures were compared, which con- 
sisted only of either corn-and-cob meal 
or ground shelled corn supplemented by 
soybean oil meal and minerals. 80 In each 
of the tests the milk production was a 
trifle less on the corn-and-cob meal mix- 


ture, but the average difference was less 
than 2 per cent. Corn-and-cob meal was 
the more economical form for feeding, 
because of the lower cost of preparation. 

695. Corn for beef cattle. — Corn is 
by far the most important concentrate 
for fattening cattle in the United States. 
It excels not only because of its richness 
in total digestible nutrients, but also be- 
cause no other grain is so palatable to 
^cattle. It is therefore taken as the stand- 
ard with which other grains are com- 
pared. 

Corn is likewise very satisfactory 
for breeding cattle, if it is properly fed. 
Breeding stock should not be fed so 
much corn that they become too fat. 
Also, care must be taken to provide 
plenty of protein and minerals, and some 
legume hay should be included in the 
ration, if available. 

When beef cattle are on good pas- 
ture or when they are fed roughage of 
good quality furnishing sufficient vita- 
min A value, there will be no difference 
in the value of yellow corn and white 
corn for them. (684) 

Whether to feed fattening cattle all 
the corn or other grain they will eat or 
to limit the amount of grain, is a prob- 
lem of the utmost importance. This is 
discussed in Chapter XXVIII. 

696. Preparation of com for beef 
cattle . — Shelled corn is a common form 
for feeding com to fattening cattle that 
are followed by pigs to consume the ker- 
nels that escape chewing and digestion. 
Experiments have shown that in such 
cases there is not generally sufficient sav- 
ing through grinding corn to warrant the 
expense. 37 On the other hand, it pays to 
grind shelled corn or ear corn for cattle 
over 8 or 9 months of age, if they are 
not followed by pigs. 

Coarse or medium-fine grinding of 
corn is preferable to fine grinding, for 
such grain is more palatable and also 
less apt to cause heavily fed fattening 
cattle to go off feed. Ear com should be 
ground fine enough so that the cattle 
will eat the fragments of cobs. Up to 8 or 
9 months of age, calves chew com and 
oats so thoroughly that it does not pay to 
grind these grains for them. 



CORN AND OAT GRAINS AND BY-PRODUCTS 


Cattle that are being fitted for show 
or sale are generally fed ground corn , be- 
cause it usually produces a trifle more 
rapid gains than shelled corn or ear corn. 
For the same reason, it pays to grind 
com when one wishes to force cattle to 
make maximum gains, so as to be ready 
for market before an expected decline 
in the price of fat cattle. 

Some years ago broken ear corn was 
the most common form for feeding fat- * 
tening cattle in the corn belt. However, 
with the general availability of electric 
power, ear corn is now generally ground 
into corn-and-cob meal , as less labor is 
required than in preparing broken ear 
corn. . 

If pigs do not follow fattening cat- 
tle, corn-and-cob meal is an economical 
form in which to feed corn. The daily 
gain is apt to be a little less than on 
ground corn, but the ground cobs in 
corn-and-cob meal save some of the 
other roughage. It was concluded from 
Ohio experiments that each 100 lbs. of 
corn cobs in corn-and-cob meal was 
worth about as much as 50 lbs. of ground 
corn. 38 In Indiana trials with beef calves 
being wintered, the gain was slightly less 
on corn-and-cob meal than on ground 
shelled corn, and 100 lbs. of corn-and- 
cob meal was equal in value to 90 lbs. 
ground corn minus 40 lbs. hay. 39 

Because of the greater bulk of corn- 
and-cob meal, it is easier to get cattle on 
a full feed of grain without digestive dis- 
turbances. Corn-and-cob meal is also a 
safer feed for an inexperienced feeder to 
use than shelled com or ground shelled 
corn. 

Corn-and-cob meal will even pro- 
duce good gains on fattening cattle with- 
out the feeding of any other roughage 
than is furnished by the corn cobs pres- 
ent, if a special supplement is fed that 
makes good the deficiencies in corn cobs 
and corn grain that have been previously 
stated. 40 (691) 

Formerly broken ear corn was a 
popular form for feeding farm-raised 
com from fall until spring to fattening 
cattle that were followed by pigs. 41 In 
the summer, when the ears became dry 
and hard, shelled corn or ground corn 


gave better results. Ear corn is broken 
by running it through a silage cutter or 
other machine. It can also be sliced by 
means of a corn knife, or broken over 
the edge of the manger. 

Snapped corn (ear corn with adher- 
ing husks, which has been snapped from 
the corn stalks) is often fed to beef cat- 
tle during fall and early winter. It is 
better adapted to yearlings or 2-year-olds 
than to calves. 42 Even for the older cat- 
tle, it had best be replaced by broken 
ear corn or shelled corn during the latter 
part of the fattening period. 

Corn is sometimes fed to fattening 
cattle in the form of ground snapped corn 
(ear com ground with the shucks or 
husks). In 6 Tennessee experiments with 
calves fed for baby beef, the gains were 
a little less rapid and the net return per 
steer somewhat lower on ground snapped 
corn than on shelled corn or ground 
shelled corn. 43 In 6 Georgia trials older 
fattening cattle gained 2.13 lbs. per head 
daily on ground snapped corn and 2.40 
lbs. on cracked shelled corn. 44 The sell- 
ing price was slightly lower for the cat- 
tle fed ground snapped corn, and 100 
lbs. of ground snapped corn was about 
equal in value to 75 lbs. of cracked 
shelled corn. 

697. “Cattling down” corn. — Particu- 
larly in the corn belt, fattening cattle are 
sometimes turned into standing corn to har- 
vest the crop. Cattle that are at least 2 years 
old are much better for this purpose than 
younger animals. The cattle should always 
be brought to a full feed of grain before 
they are turned into the field, or they may 
overeat and suffer from indigestion. In using 
this method, it is important to feed sufficient 
protein supplement to balance the ration, 
and to have about twice as many pigs fol- 
lowing the cattle as would be needed in dry- 
lot feeding. In the southern states standing, 
thickly-planted, mature corn is sometimes 
used for winter pasture for beef cows. 45 

698. Com for sheep. — In all the 
corn-growing districts of this country, 
corn is the grain most commonly fed to 
fattening lambs. It is also widely used as 
part of the concentrates for breeding 
ewes and young lambs. 

A ration of only corn grain and 
either alfalfa or clover hay is excellent 
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for fattening lambs, for they eat enough 
of the legume hay to supply sufficient 
protein to produce good gains. As is 
shown in Chapter XXX, the gains will 
usually be a trifle more rapid when the 
lambs are fed in addition a small amount 
of such a supplement as linseed meal or 
cottonseed meal. However, the addition 
of the supplement will generally be un- 
economical. 

Numerous experiments have proved 
that fattening lambs will not make rapid 
or economical gains when they are fed 
only com and non-legume roughage, 
without a protein supplement. For ex- 
ample, in 7 tests lambs fed corn with 
timothy or prairie hay, without any sup- 
plement, gained an average of only 0.19 
lb. per head daily, in comparison with 
0.32 lb. for others fed com with clover 
or alfalfa hay. 46 The lambs on the unbal- 
anced ration required 46 per cent more 
com and 15 per cent more hay for each 
100 lbs. gain than those fed the bal- 
anced ration of corn and legume hay. 

When fed in a properly-balanced ra- 
tion, corn can be used successfully as the 
only grain for breeding ewes in winter, 
provided the allowance is limited so the 
ewes do not become too fat. However, 
shepherds generally prefer more bulky 
mixtures, such as are mentioned in Chap- 
ter XXXI. 

In the corn belt, corn is extensively 
fed as the only grain to fattening lambs, 
after they are safely on feed. For fat- 
tening lambs which are hand-fed it gives 
excellent results when thus used, if it is 
properly balanced by feeds supplying 
plenty of good-quality protein and of cal- 
cium. When lambs are self-fed corn, 
some bulky feed like chopped hay or 
oats should be mixed with it to lessen di- 
gestive troubles, which may otherwise 
cause serious death losses. 

Even in hand-feeding fattening 
lambs, it may also be safer to mix bulky 
feeds with corn, if they are being forced 
as rapidly as possible on all the grain 
they can be induced to eat. In these cases 
such a combination as 2 to 3 parts corn 
and 1 part oats, by weight, is excellent. 

699. Feeding corn in various forms 
to sheep. — Com grain is usually fed to 


sheep and lambs in the form of shelled 
corn or as ear corn. Experiments have 
shown clearly that there is usually no ad- 
vantage in grinding shelled corn or in 
grinding ear corn for sheep, with the 
following exceptions: 47 (1) For sheep 
with poor teeth, (2) for young lambs 
up to 5 or 6 weeks of age, and (3) when 
fattening lambs are being self-fed such a 
mixture as corn grain and chopped hay, 
»or even when they are being hand-fed all 
of such a mixture that they can be in- 
duced to eat. 

Usually hand-fed lambs will make 
slightly more rapid and economical gains 
on shelled com than on ground corn. 
Likewise, ear corn or broken ear com has 
given as good or even better results than 
corn-and-cob meal. Com ground coarsely 
is preferable to fine meal for sheep or 
lambs. 

For fattening lambs ear com or 
broken ear com produced just as rapid 
gains, on the average, in 9 trials as 
shelled corn, when each was fed as the 
only grain. 48 Also, the cost of feed per 
100 lbs. gain was slightly less for the 
lambs fed ear com. 

Sometimes fattening lambs are fed 
shock corn, ears and all, usually being 
given a small amount of shelled corn or 
other grain at first, until they learn to 
husk the com ears. 49 The lambs may not 
gain quite so rapidly when fattened by 
this method and a little more com may 
be required per 100 lbs. gain, but the 
method saves labor, compared with the 
feeding of corn in other forms. 

Both ear corn and shock com are 
better suited for feeding on a thick sod 
than in a dry lot or barn, for they may 
be scattered on the sod so that each lamb 
will have an equal chance to feed, and 
little will be wasted. In the lot or barn, 
lambs are apt to drop the ears where 
they become soiled, or to bunch them up 
in the trough so that each lamb does not 
get its share. 

700. Fattening lambs in the com field. 
— In some districts many farmers fatten west- 
ern lambs in the corn field. This is called 
‘lambing down corn/* ' When conditions are 
favorable, lambs fattened in the com field 
with supplemental feed make nearly as rapid 
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f ains as those fed corn and legume hay in 
ry lot, but the death losses are apt to be 
higher. 50 In northern Colorado, such heavy 
death losses occurred from “overeating dis- 
ease” that the practice was abandoned. 

For lambing down, such supplemental 
crops as rape or soybeans should be grown 
in the corn. The lambs will usually clean up 
this forage long before they finish the corn. 
They should then be provided with good, 
palatable legume hay, so they will eat plenty 
of roughage. The best results are secured, 
when 0.15 lb. per head daily of protein sup- 
plement is also fed from the start. 

The lambs should have plenty of feed 
available without traveling too far, and they 
should have shelter from bad storms. It is the 
best plan to divide a large field into suitable 
areas* by hurdles or by temporary woven- 
wire fencing. The lambs should be strong 
and healthy and should have dense fleeces 
which will shed water well. They should be 
accustomed to the corn gradually, by giving 
them a feed of hay in the morning the first 
few days before turning them on the field. 
At first the lambs will clean up the other 
vegetation in the corn field, including most 
of the weeds. Then they will begin eating 
the corn leaves and finally will learn how to 
husk out the corn ears ana eat the grain from 
the cobs. 

Plenty of hay and other feed should be 
available for feeding in bad weather or if the 
lambs clean up the corn field before they are 
fat. Severe financial losses will be incurred if 
one is forced to dump half-fat lambs on the 
market. The lambs should be inspected daily 
to see that all are thriving. Muddy fields are 
hard on their feet, as the mud cakes between 
their toes. 

701. Corn for horses and mules. — 
Next to oats, corn is the grain most com- 
monly fed to horses and mules in the 
United States. Several experiments have 
shown clearly that if work horses or 
mules are fed legume hay or mixed hay 
containing at least one-third legumes, 
com is satisfactory as the only concen- 
trate. For example, in a Missouri test 
mules fed shelled corn and mixed clover- 
and-timothy hay maintained their 
weights slightly better than those fed 
oats and hay, 51 This was in spite of the 
fact that each mule that was fed corn 
received 145 lbs. less grain and 75 lbs. 
less hay a year than did the mules fed 
oats. In this experiment there was a sav- 


ing of 21 per cent of the cost of feed for 
the corn-fed mules. 

As corn is a heavy, highly-concen- 
trated feed, care must be taken not to 
feed more than is needed. It takes about 
15 per cent less com than oats to keep 
work horses in condition, when the ra- 
tion is properly balanced in protein. 

Although work horses and mules 
need much less protein than do dairy 
cows or fattening cattle or lambs, corn 
grain and ordinary grass hay make a ra- 
tion too low in protein for the best re- 
sults. 52 Therefore when corn is fed as 
the only grain with such roughage, a 
small amount of protein supplement 
should be added to balance the ration. 
This will usually save more than enough 
feed to be profitable, and it will also keep 
the animals in better condition and spirit. 

If grass hay is cut reasonably early, 
so that it has a fair amount of protein, 
such a concentrate mixture as 900 lbs. of 
corn and 100 lbs. of oats will be satis- 
factory for mature work horses or mules. 

Ear corn or shelled corn are the best 
forms of corn for feeding to horses or 
mules, unless their teeth are in poor con- 
dition. Grinding the grain does not make 
a sufficient saving of feed to justify the 
expense. Ear corn is preferable to shelled 
corn, for it keeps better, and horses eat 
it more slowly and chew it more thor- 
oughly. If corn is ground for horses with 
poor teeth, it should be cracked or 
ground coarsely, for fine meal forms a 
mass in the stomach which is difficult 
to digest and may even cause colic. 
Corn-and-cob meal is better for horses 
than ground shelled corn, since it is more 
bulky. A slightly smaller weight of corn- 
and-cob meal than of oats is needed to 
keep work stock in condition, because 
oats are a little lower in total digestible 
nutrients. 

702. Com for swine. — Com is the 
most common swine feed in the chief 
pork-producing districts of the United 
States. Indeed, it is estimated that hogs 
usually consume almost one-half of the 
total corn crop produced in this country. 
It is unsurpassed for growing and fat- 
tening pigs, and is therefore commonly 
taken as the standard with which other 


H * 


IB 




1 m : 






420 



FEEDS AND FEEDING 


grains are compared. Corn is also en- 
tirely satisfactory for brood sows and 
other breeding stock, when its deficien- 
cies in protein, minerals, and vitamins 
are corrected, and when the amount of 
com is limited so that they will not get 
too fat. 

Excellent protein-rich pasture, such 
as alfalfa, clover, or rape, greatly reduces 
the amount of protein supplement 
needed to balance corn. As shown in 
Chapter XXXIV, it may not pay to feed 
any protein supplement at all to grow- 
ing and fattening pigs on such pasture 
after they reach a weight of 100 to 125 
lbs. For swine not on pasture, good- 
quality legume hay also helps to make 
good the protein deficiencies of corn. In- 
deed, pregnant mature brood sows can 
be wintered satisfactorily on nothing but 
corn grain, plenty of first-class legume 
hay, and minerals. 

Experiments proved many years ago 
the folly of feeding corn alone or corn 
plus minerals to pigs not on pasture. For 
example, in 7 experiments with pigs aver- 
aging 69 lbs. in weight at the start, those 
fed corn without any protein supplement 
or pasture gained only half as rapidly as 
others fed corn and tankage, and many 
became stunted. 53 Each 100 lbs. of tank- 
age fed to balance the ration saved 607 
lbs. of corn. Other good protein supple- 
ments would have had a similar high 
value in balancing the ration. 

Merely supplementing corn grain 
with a mineral mixture that supplies ad- 
ditional calcium and phosphorus, does 
not greatly improve the ration for pigs 
not on good pasture. 54 In order to pro- 
duce satisfactory results, corn must be 
supplemented with good-quality protein, 
as well as with calcium and phosphorus. 

Corn alone is just as unsatisfactory 
for pregnant sows as it is for young pigs, 
as is pointed out in Chapter XXXV. On 
the other hand, excellent results are se- 
cured with corn as the chief feed for 
brood sows, if the ration is properly bal- 
anced and if the allowance of corn is 
restricted so that the sows do not be- 
come too fat. 

When white corn is used for swine 
feeding, care must be taken to provide 


plenty of vitamin A value in the other 
feeds in the ration. 

703. Forms in which to feed corn 
to swine. — Corn is most commonly fed 
to swine in this country in the form of 
ear corn or as shelled corn. Numerous ex- 
periments have shown that for pigs up 
to the usual market weights, grinding 
com does not make enough saving to 
warrant the expense. Ear corn usually 
produces as economical results as shelled 
corn. Sometimes pigs will make a trifle 
less rapid gain on ear corn than on 
shelled corn but will require no more 
actual corn grain per 100 lbs. gain/’ 0 

When pigs are self-fed shelled corn, 
they chew it even more thoroughly than 
when hand-fed, apparently because there 
is not the rush and competition among 
the pigs in getting their shares. In Indi- 
ana, Minnesota, and Wisconsin experi- 
ments in which pigs were grown and fat- 
tened to usual market weights on self-fed 
shelled corn or ground corn with good 
protein supplements, there was no saving 
whatsoever by grinding the corn. 56 The 
hardness of the corn did not seem to 
make any difference in the results of 
these tests, as the corn was rather hard 
hybrid corn in some cases. 

In earlier experiments in which pigs 
were hand-fed, there was little or no sav- 
ing through grinding corn for pigs until 
they reached a weight of about 150 
lbs.* 57 From then up to usual market 
weights, the saving was not usually more 
than 6 or 7 per cent. Soaking corn that 
has become very hard through storage 
will increase its value nearly as much as 
grinding it. 

For feeding to brood sows, ear corn 
and shelled com are the most economi- 
cal forms. 58 If the sows do not chew all 
the kernels, they will be commonly 
sorted out of the 'droppings and thus fi- 
nally utilized, for brood sows are not gen- 
erally fed all the grain they will eat. 

'When shelled corn is ground for 
pigs, it should be ground to a medium 
degree of fineness. Pennsylvania and 
Wisconsin tests show that grinding to a 
fine meal does not increase the value 
of the grain over medium grinding, and 
the cost of labor and power is much 
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greater. 59 However, medium-fine grind- 
ing is preferable to merely cracking the 
grain. _ 

In most of the experiments in which 
ear corn or shelled corn has been com- 
pared with corn-and-cob meal, the corn- 
and-cob meal has been less economical. 60 
This is because pigs cannot digest the 
cobs to any appreciable extent, even 
when ground. If ear corn is ground for 
self-feeding, it must be ground fine’ 
enough to avoid clogging the self feeder. 

In Georgia experiments ground 
snapped corn, including the husks, pro- 
duced decidedly less rapid and economi- 
cal gains than cracked shelled corn. 61 

704. Hogging down corn. — In some 
sections many farmers turn pigs into 
standing corn to harvest the crop. Nu- 
merous experiments have proved that 
this is an economical method of fattening 
pigs, if one does not wish to market them 
early, before the price drops in the fall 
and thus before the new corn crop is 
ready. 62 When corn is properly hogged 
down, pigs generally make fully as rapid 
gains as those fed corn and a good sup- 
plement in a dry lot. Also, they require 
no more feed per 100 lbs. gain. In addi- 
tion, hogging down corn saves labor, 
conserves fertility, and provides the pigs 
with a fresh field which is free from par- 
asites. 

Experiments have shown that it is 
advisable to grow some protein-rich sup- 
plemental crop, such as soybeans or rape, 
with the corn for hogging down, or else 
to allow the pigs access to good pasture. 
This helps to balance the ration. The 
pigs should be fed 0.2 to 0.3 lb. per head 
daily of tankage or an equivalent amount 
of some other efficient protein supple- 
ment, unless protein supplements are 
unusually high in price. Somewhat more 
protein supplement is needed if no sup- 
plemental crop is grown in the corn. If 
no protein supplement is fed, it is very 
important to let the pigs have access to 
a mineral mixture supplying calcium and 
phosphorus. 

Spring shotes, well grown on pasture 
and weighing 75 to 130 lbs, at the start, are 
best for hogging down. Lighter pigs may be 
used, if a few heavy hogs are put with them 


to break down the corn. Breeding stock 
should not be used to hog down corn, as they 
will get too fat. However, brood sows and 
their pigs can be turned into the field after 
the fattened pigs have been removed, to 
clean up what little corn is left. 

Confining the pigs by a temporary fence 
to an area of the com field that they can 
clean up in 2 or 3 weeks may reduce the 
wastage of com. However, it adds to the ex- 
pense and may not be advisable, except with 
heavy hogs and in very wet seasons. 

Corn should not be hogged down until 
it has reached the glazing stage, because of 
the great storage of nutrients which occurs 
up to this time. Owing to the lower yield, 
it is doubtful whether it is advisable to grow 
very early varieties, so as to have the crop 
ready sooner. 

In the corn belt the crops most com- 
monly grown in corn for hogging down are 
soybeans or rape. Soybeans have generally 
been slightly superior to rape, and they also 
add nitrogen to the soil, if properly inocu- 
lated. Soybeans are planted with the corn at 
regular planting time, while rape is usually 
seeded at the last cultivation. In the South, 
cowpeas are often grown with corn for hog- 
ging down, or corn and peanuts are planted 
in alternate rows. 

The area of corn needed for a given 
number of pigs will depend on the estimated 
yield. When a protein supplement is fed in 
addition to the corn, about a bushel of corn 
a day will be eaten during the hogging-down 
period by 9 or 10 pigs weighing 75 to 100 
lbs. at the start, or by 5 or 6 pigs weighing 
150 to 200 lbs. ' 

705. Corn for poultry. — Corn is the 
chief grain fed to poultry in the United 
States, and it is unexcelled for this pur- 
pose when properly used. While corn 
is the most common ingredient in poul- 
try rations, it is not essential and can 
be replaced satisfactorily by other grains. 
When corn forms a large part of the ra- 
tion for poultry, it is very important to 
bear in mind that it is lower than wheat, 
barley, or oats in protein and also in cal- 
cium and phosphorus. Also, the protein 
in corn is of somewhat poorer quality 
than in these grains. 

When white corn is fed, it supplies 
no vitamin A value. Yellow corn pro- 
duces yellow color in the shanks, skin, 
and body fat and in the yolks of eggs, 
while white corn does not. 
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Where grain is fed separately to 
grown chickens, either as scratch grain 
or in a hopper, there is little or no ad- 
vantage in cracking corn, except to force 
the birds to take more exercise. For use 
in the mash, corn should be ground, but 
not too fine, and it should be cracked or 
ground for chicks. Ear corn is not well 
suited for poultry. In 3 Ohio experiments 
corn-and-cob meal ground medium fine 
was a satisfactory substitute for ground 
corn in the mash for laying hens or for 
chicks. 63 With com-and-cob meal there 
was a tendency for less feather picking 
and cannibalism of the layers, though 
the egg production was slightly lower. 

When care is taken to balance the 
ration properly, corn can satisfactorily 
form a large part of it. For example, ra- 
tions containing three-fourths corn have 
given good results with laying hens and 
also with chicks. 64 Under usual condi- 
tions, however, it is best to include 
wheat, oats, or other grains in the ra- 
tion. 65 

Because of its high net-energy value, 
com is one of the best feeds for use in 
rations for broilers and fattening poul- 
try. A large percentage of corn is there- 
fore included in most of the high-energy 
mashes for broilers. Corn-and-cob meal is 
not suitable for use in high-energy poul- 
try mashes, because it has much more 
fiber than does ground corn. 

706. Composition of the parts of 
the corn kernel. — Before discussing the 
value of the various corn by-products, 
let us consider the composition of the 
different parts of the corn kernel. 66 The 
starchy portion, or endosperm, which 
forms nearly three-fourths of the kernel, 
consists mostly of starch and has less 
than 10 per cent protein and only a 
trace of fat and minerals. 

The hull and tip cap are also com- 
posed largely of carbohydrates, though 
containing less starch and about 15 per 
cent fiber. The horn-like gluten layer, 
just under the hull, contains about 22 
per cent protein, and the germ carries 
nearly as much protein and about 35 per 
cent fat or oil. 

707, Hominy feed; degerminated 
com meal. — In the usual method of man- 


ufacturing corn meal for human use and 
also in making hominy and hominy grits, 
the germs and hulls are removed from 
the corn meal, along with fine siftings 
from the starchy portions. The de germi- 
nated corn meal thus produced has a 
more attractive appearance than the en- 
tire ground grain and also keeps much 
better in storage. However, it contains 
less protein and fat and therefore is of 
slightly lower value for stock feeding. 



Diagram of a Kernel of Dent 
Corn 

A, hull; b, hornlike gluten; c, floury 
starch; d, horny starch; e, embryo, or germ; 
f, embryo stem; g, embryo root; h, tip cap. 

Hominy feed (also called hominy 
meal or hominy chop) is the by-product 
obtained in this dry-milling process. It 
consists of a mixture of the corn bran, 
the corn germs (with or without the re- 
moval of part of the fat), and a part of 
the starchy portion of the kernels. 

Hominy feed resembles ground corn 
in composition and is about equal to it 
in feeding value for the various classes 
of stock. It is usually slightly higher than 
corn in protein, and it contains more 
fiber than com and therefore is some- 
what more bulky. Unless part of the fat 
has been removed from the germs, hom- 
iny feed will be considerably richer than 
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corn in fat and will furnish a slightly 
greater amount of total digestible nutri- 
ents. 

According to the regulations of the 
Association of American Feed Control 
officials, hominy feed should not contain 
less than 5 per cent of fat. 67 Most sam- 
ples of hominy feed analyzed by the 
state feed control laboratories conform 
to this regulation. These have an average 
fat content of 6.5 per cent. A few sam-, 
pies fell below the limit, having an 
average of only 4.6 per cent fat. 

708. Value and use of hominy feed. 
— Hominy feed, often called merely 
“hominy,” is a popular dairy feed. In 
Pennsylvania experiments hominy feed 
was practically equal in value to ground 
corn for dairy cows. 68 

In experiments with fattening cattle 
the value of hominy feed per ton has 
ranged from 90 to 100 per cent of that 
of corn. 60 For fattening lambs hominy 
feed has been about equal to shelled 
corn in value per ton. 70 Hominy feed is 
also a good substitute for corn in feeding 
horses. 71 

Hominy feed is a satisfactory sub- 
stitute for corn in swine feeding, except 
for the fact that hominy feed which has 
the usual amount of fat tends to produce 
soft pork. In 23 experiments pigs fed 
hominy feed with tankage, meat scrap, 
or an efficient protein supplemental mix- 
ture gained 0.1 lb. less per head daily 
than others fed corn and the same supple- 
ments. 72 A trifle more hominy feed than 
corn was required for 100 lbs. gain, but 
on account of the somewhat higher pro- 
tein content of hominy feed, a little less 
protein supplement was needed. With 
feeds at usual prices, hominy feed was 
nearly equal to com in value, so far as 
economy of gains was concerned. 

In Indiana experiments it was 
found, however, that if hominy feed hav- 
ing 6.5 per cent fat formed more than 
half of the ration, the carcasses of hogs 
tended to be soft. 73 Hominy feed of a 
low fat content did not have this effect, 
but its feeding value was appreciably 
less than that of corn. 

Hominy feed is fully equal to corn 
in poultry rations. In Michigan experi- 


ments with broilers and with laying hens 
the value was even slighty higher than 
that of corn. 74 

709. Starch and glucose by-prod- 
ucts. — In the manufacture of starch and 
glucose from com by the wet-milling 
process, the grain is first softened by 
soaking in warm water to which sulfu- 
rous acid has been added to prevent fer- 
mentation. Next, the corn kernels are 
tom apart in special mills to free the 
germs. The material is then mixed with 
water and passed into tanks. Here the 
germs, which are lighter because of their 
high fat content, rise to the surface and 
are removed. The residue is finely 
ground and the hulls, or bran, separated 
by cloth sieves. 

The liquid which remains contains 
the starch, the gluten, and very fine par- 
ticles of fiber. The starch is separated 
either by centrifugal separators, which 
are somewhat like the cream separators 
used for milk, or by an older process in 
which it settles down in long, inclined 
troughs. The gluten is then removed 
from the water by filter presses, and 
dried. The starch is dried for sale as 
starch, or is treated with weakly-acidu- 
lated water under pressure to convert 
the starch into sugar, in making corn 
syrup and similar products. The steep 
water in which the corn is soaked is 
condensed by evaporation to recover the 
soluble nutrients removed from the grain 
in the soaking process. This residue is 
called “corn solubles.” 

In this process the following by- 
products are obtained: (1) The germs, 
from which most of the oil is later re- 
moved; (2) the bran; (3) the gluten; 
and (4) the corn solubles. The com bran 
is not usually marketed as such, but goes 
into the gluten feed. The corn solubles 
may go into the gluten feed or may be 
used for other purposes, especially in 
the production of yeast or of penicillin. 
The protein in com solubles is of low 
quality for non-ruminants. 75 

710. Corn gluten feed. — Com glu- 
ten feed, usually called simply “gluten 
feed,” consists of corn gluten meal and 
com bran, with or without corn solubles. 
It may also include part of the com oil 
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meal,” consists chiefly of the com gluten In 4 New York experiments corn 

separated in the wet-milling process of gluten meal produced slightly less rapid 
starch manufacture, with practically none gains than linseed meal, soybean oil 
of the hull fragments. It may or may not meal, or ground soybeans, when each 
include corn solubles and may occa- of these feeds was used as the only sup- 
sionally contain some corn oil meal. plement for fattening yearling cattle full- 

Gluten meal usually has more than fed corn grain, corn silage, and mixed 

40 per cent protein, averaging 43.2 per hay. 8 * Also, the selling price of the cattle 
cent. It has only 2.3 per cent fat, on the fed gluten meal was a little lower, be- 
average, and is low in fiber. Gluten meal cause they were not quite so well fin- 
supplies nearly as much digestible pror ished. In these trials the actual value of 
tein as soybean oil meal, but the protein corn gluten meal was decidedly below 
is riot of high quality. Therefore gluten that of the other supplements, 
meal should not be used as the chief On the other hand, for wintering 

protein supplement for swine or poul- beef calves or yearlings in Kansas ex- 
try, but should be used with feeds which periments, gluten meal was fully equal 
make good the deficiencies of corn pro- to cottonseed meal, linseed meal, or soy- 
tebl * bean oil meal as the supplement to sor- 

Gluten meal is a heavy, concen- ghum silage. 86 The difference between 
trated feed and is higher than soybean the value of gluten meal in these trials 
oil meal in percentage of total digestible and in the New York trials with cattle 
nutrients, averaging 79.7 per cent. When full-fed corn grain is probably due to 
made chiefly from yellow corn, as is gen- the following: Fattening cattle full-fed 
©rally the case, gluten meal is even grain eat relatively little roughage, and 
higher than gluten feed in vitamin A the quality of protein in corn grain is 
value, but it is much lower in calcium poor. Beef cattle being wintered consume 
and phosphorus. Gluten meal is also very mostly roughage, and the quality of the 
low in riboflavin. protein in satisfactory roughage, even 

714. Gluten meal for dairy cattle, non-legume, is better than in corn grain. 
— Gluten meal is mostly fed to dairy cat- ( 125 ) 

tie and is a very satisfactory protein Apparently because fattening lambs 

supplement for them, when fed in proper eat a much larger proportion of rough- 
combination. Since it is much heavier age than do full-fed fattening cattle, glu- 
than gluten feed, it is usually combined ten meal gives decidedly better results 
with bulkier feeds. as the only protein supplement for fatten- 

715. Gluten meal for beef cattle, in S lambs than for fattening cattle, 

sheep, horses, and swine.— Gluten meal In 3 New York trials fattening lambs 

is fed to beef cattle much less frequently f ec ^ gluten meal as the only protein sup- 
than to dairy cows. For fattening cattle p lenient to a low-protein ration made as 
it gives fairly satisfactory results when ra P^ and economical gains as lambs 
fed as the only protein supplement, if the f ec * soybean oil meal as the supple- 
ration contains a reasonable amount of ment. 87 These supplements were added 
legume hay. Kansas experiments show 1° a ration of corn grain and corn silage, 
that for fattening calves, the best results with little or no legume hay. Lambs fed 
are secured from gluten meal when it is linseed meal made a trifle more rapid 
combined with linseed meal or certain gains than those fed gluten meal and 
other supplements. 84 However, a mixture were somewhat more easily kept on full 
of one-half gluten meal and one-half cot- feed. In New York metabolism experi- 
tonseed meal was not much better than ments with growing lambs, the protein 
gluten meal fed as the only supplement, of gluten meal had as high a value as 
Probably a combination of gluten meal that of soybean oil meal or even that of 
and soybean oil meal would give good milk. (127) For non-ruminants, the glu- 
results, because soybean oil meal has ten meal protein would be of decidedly 
protein of excellent quality. lower value. 
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Gluten meal was satisfactory as a 
protein supplement for work horses in 
an Iowa test, but it proved rather un- 
palatable to them. 88 

In a Kansas experiment with pigs on 
alfalfa pasture, gluten meal was satisfac- 
tory as the only protein supplement to 
corn, when bone meal was supplied to 
furnish phosphorus and calcium. 89 For 
pigs not on first-class pasture gluten 
meal should not be used as the only pro- 
tein supplement. 

Gluten meal is not quite equal to 
linseed meal as an ingredient in a trio 
supplemental mixture for growing and 
fattening pigs, according to a Nebraska 
experiment. 90 

716. Gluten meal for poultry. — 
Gluten meal can be used satisfactorily to 
replace one-half the meat scrap in poul- 
try rations, if care is taken to provide 
plenty of calcium, phosphorus, and ribo- 
flavin. 91 It should not be used as the 
chief protein supplement, because of the 
deficiency in quality of protein. Corn 
gluten meal tends to increase the yellow 
color in the shanks and skin of chickens. 

717. Corn oil meal or cake; corn 
germ meal. — The com germs removed 
in the wet-milling process are dried, and 
then crushed and most of the oil re- 
moved. The com oil is used for human 
food or other purposes. The corn oil 
meal which remains is sold as such, or it 
goes into com gluten feed or sometimes 
into gluten meal, when there is a better 
market for these products than for the 
corn oil meal. Occasionally this feed is 
sold in cake form as corn oil cake or in 
the form of corn oil flakes. 

Corn oil meal is slightly lower in 
protein than corn gluten feed. Unless the 
oil is removed by the solvent process, 
corn oil meal will be considerably higher 
in fat than gluten feed and will furnish 
slightly more total digestible nutrients. 
The protein is also of somewhat better 
quality than that in corn gluten feed or 
corn gluten meal. 

Corn germ meal , produced in the 
of corn for corn meal, hominy 
human consumption, gen- 
into hominy feed, and very 


little is marketed separately. It is similar 
to corn oil meal in composition and 
value, but is slightly lower in protein and 
higher in nitrogen-free extract. 

Most of the corn oil meal that is mar- 
keted separately is used in poultry or swine 
rations. It is a common ingredient in mixed 
poultry-fattening feeds, because of its high 
water-absorbing capacity. Com oil meal is 
also satisfactory as a part of the concentrate 
mixture for dairy cattle, beef cattle, sheep, 
and horses. 

Corn oil meal or corn germ meal should 
not be fed as the only protein supplement 
for swine 92 or poultry, but should be used in 
combination with supplements that furnish 
protein of better quality. Pigs on good pas- 
ture make fair gains when fed corn and- corn 
germ meal, but the corn germ meal is worth 
little or no more than corn, ton for ton. Corn 
oil meal or corn germ meal is best used in 
swine feeding when tankage, meat scrap, or 
fish meal forms at least one-half of the pro- 
tein supplement. ; 

Adding corn oil meal or com germ meal 
to a ration of com and tankage did not in- 
crease the rate of gain in experiments with 
pigs in dry lot or on pasture. In 7 dry-lot ex- 
periments, each 100 lbs. of corn oil meal or 
corn germ meal replaced 42 lbs. tankage plus 
45 lbs. corn. 93 In 6 pasture trials, 100 lbs. of 
corn germ meal replaced 46 lbs. tankage 
and 13 lbs. corn. 94 Corn germ meal did not 
produce quite as good results as linseed meal 
in 3 Wisconsin trials, when it was substituted 
for linseed meal in the trio supplemental mix- 
ture for pigs. 95 

When corn oil meal or corn germ meal 
have occasionally been lower in price per ton 
than grain, they have been used as a substi- 
tute for part of the grain in swine feeding. 
The results are best when these feeds do not 
form more than about one-fourth of the ra- 
tion. Thus fed, corn oil meal or corn germ 
meal will be of slightly higher value per ton 
than corn. 96 If fed in too large amounts, 
these feeds may cause scours, or make the 
ration less palatable. 

718. Com bran. — Corn bran consists of 
the outer coating of the corn kernels, includ- 
ing the hull and the tip cap, with little or 
none of the starchy part of the germ. Very 
little corn bran is marketed as such, since it 
usually goes into gluten feed. Corn bran does 
not resemble wheat bran in composition, for 
it does not contain appreciably more protein 
than com grain. It has nearly as much fiber 
as oats and furnishes about as much total di- 
gestible nutrients. 
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As would be expected from its compo- 
sition, corn bran was decidedly inferior to 
ground com as the carbohydrate feed for 
chicks in a Philippine test. 97 

719. Corn molasses. — Com molasses, or 
hydrol, is a by-product in the manufacture of 
com sugar from corn. It is usually somewhat 
higher than cane molasses in sugar, but is 
extremely low in protein. Experiments have 
shown it to be about equal to cane molasses 
in value, though it may be less palatable to 
stock. 98 Also, it is very viscous in cold* 
weather. 


ing their actual feeding value, than the 
other grains which are available. Oats 
contain nearly as much protein as does 
wheat, averaging 12.0 per cent except in 
the Pacific Coast states. They have even 
more fat than does com. Because of their 
hulls, oats have 11.0 per cent fiber, and 
they supply only 70.1 lbs. total digestible 
nutrients per 100 lbs., in comparison 
with about 80 lbs. for wheat or corn. 

Oats have the same general nutri- 
tional deficiencies as the . other cereals. 









Oats Rank Next to Cohn in Importance for Feeding 

Oats are an important grain crop in nearly all our states and are used for livestock feeding. 


HI. Oats and Their By-products 

720. Oats as a feed. — Oats ( Avena 
sativa) rank third in acreage among the 
cereals in the United States and are next 
to com in importance for stock feeding. 
About three-fourths the acreage is in the 
North Central States, but oats are an 
important grain crop in nearly all the 
states. Where barley thrives, oats are 
sometimes grown in combination with 
it for stock feeding, as the mixture often 
produces a greater weight of grain. 

Oats are one of the most popular 
stock feeds. Because of this popularity 
they are often higher in price, consider- 


(680) The protein is not of good qual- 
ity, though probably superior to that in 
corn. Oats are low in calcium and only 
fair in phosphorus, though containing 
more of these minerals than does corn. 
Oats lack carotene and vitamin D and are 
low in riboflavin and niacin. 

There is a great variation in the pro- 
portion of hulls in oats and consequently 
in their feeding value. On the average, 
oats contain about 30 per cent of hulls, 
and the standard weight per bushel is 
32 lbs. Light-weight oats may be over 
one-half hulls, while there may be only 
24 per cent of hulls in very heavy, plump 
oats. Oats that are high in hulls are ob- 
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viously low in digestible nutrients and 
therefore inferior in feeding value. Cer- 
tain varieties grown extensively in the 
South and on the Pacific Coast have 
heavy, coarse hulls, and the kernels bear 
awns. This causes the weight per bushel 
to be low. 

In buying ground oats on the mar- 
ket one must be careful to secure a satis- 
factory grade. Sometimes ground oats 
are made from oats of very low grade 
and consequently are considerably higher 
in fiber and lower in protein and fat than 
oats of good grade. 

Clipped oats have been run through 
an oat clipper, which clips off the pointed 
ends of the hulls, thus increasing the 
weight per bushel and lowering the fiber 
content. 

Bleached oats have been bleached 
by the use of sulfur or other chemicals 
to whiten the grain and improve the ap- 
pearance. This does not increase their 
feeding value and may even be deleteri- 
ous. 

Hull-less oats , varieties from which 
the hulls are removed from the kernels 
in the threshing process, have been 
grown but little in this country, as the 
ordinary kinds with hulls have yielded 
much more. Recently, the South Dakota 
Station has produced a rust resistant 
variety of hull-less oats which in certain 
areas yields as great a weight of kernels, 
not including hulls, as varieties with 
hulls." The feeding value of hull-less 
oats and of hulled oats (oat kernels with 
the hulls removed) is discussed later 
in this chapter. (729) 

721. Oats for dairy cattle. — Oats 
are a most popular dairy feed, for they 
are very palatable, they are bulky, and 
they are somewhat higher than corn in 
protein. Experienced dairymen commonly 
include some ground oats in the concen- 
trate mixture for cows and other dairy 
cattle, unless the price per pound is ap- 
preciably higher than that of the other 
grains. Oats have a higher value for 
dairy cows in comparison with corn than 
would be expected from the content of 
total digestible nutrients. 100 Ground oats 
are worth fully 90 per cent as much as 
ground corn for cows, and may equal 


corn in value when used to give bulk io 
a heavy concentrate mixture. 

Oats should be ground to a me- 
dium fineness or crushed for dairy cows. 
When whole oats are fed, there is nearly 
as great a loss in unchewed kernels 
passing through the digestive tract as 
there is in the case of shelled corn. 101 It 
is not necessary to grind oats for calves 
up to 8 or 9 months of age. 

722. Oats for beef cattle. — Because 
of the hulls, oats are worth less per ton 
than corn, if they form any large part of 
the concentrates for fattening cattle. Oats 
are often included in the grain mixture 
when cattle are being started on feed, 
but are usually omitted when the cattle 
are safely on feed, or at least during the 
latter part of the fattening period. Oats 
are popular as part of the concentrates 
for breeding cattle, for they have some- 
what more protein and minerals than 
corn, and their bulk is no disadvantage 
for such cattle. 

Experiments have shown that, ex- 
cept for calves up to about a year of age, 
it pays to grind oats for beef cattle, even 
when they are followed by pigs. Me- 
dium-fine grinding was preferable to very 
fine in Indiana tests. 102 In fact, the very 
finely-ground oats were not so valuable 
as whole oats. There has been no bene- 
fit from grinding oats for fattening calves 
up to about a year of age. 103 

When ground oats are fed as the 
only grain or even one-half the grain al- 
lowance to fattening cattle, they have 
been worth only about 85 per cent as 
much as corn per ton, and sometimes 
even less. 104 Ground oats may more 
nearly approach com in feeding value 
for fattening cattle when they do not 
form more than one-third of the grain 
mixture. 105 Oats are also worth more for 
breeding cattle or for young stock being 
wintered than for fattening cattle. In 3 
Oklahoma trials ground oats were fully 
equal to ground corn for wintering beef 
calves fed grain, cottonseed cake, silage, 
and ground limestone. 100 

Ground oats supply about as much 
total digestible nutrients as does ground 
snapped corn, and they proved fully 
equal to this feed for fattening cattle in 
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2 Florida tests, when replacing half lambs are on full feed, they should he 
the com in the ration. 10T given all the oats they will eat, for it 

In experiments in which ground must be borne in mind that oats are 
oats have been directly compared with much less concentrated than com or 
ground barley as the only grain for fat- barley. 

tening cattle, the gains on oats have In 6 Indiana experiments in which 

been nearly as rapid, on the average, oats were thus fed in comparison with 
but ground oats have been worth only shelled com, the gains were a trifle more 
about 86 per cent as much as ground rapid on oats and the lambs were as well 
barley. 108 finished as on corn. 109 While the oat-fed 

723. Oats for sheep. — Oats are well lambs ate more grain, they ate consid- 
liked by sheep and are extensively used erably less legume hay and silage. Con- 



Heads of Oats, Emmer, and Spelt 

From left to right: 1, variety of oats with open or spreading panicle; 2, side oats; 
3, emmer; 4, spelt. 

for the breeding flock, for young lambs, sidering this saving of roughage, oats 
and for starting fattening lambs on feed, equalled shelled com in value per ton. 
When oats are fed to fattening lambs, In experiments where lambs have 

the proportion is generally reduced grad- been fed approximately equal amounts 
ually as the feeding progresses. After the of oats or of corn, the lambs fed oats 
lambs are on full feed, the oats are usu- have gained less rapidly than those re- 
ally omitted or only a small proportion ceiving corn, and oats have been worth 
is fed, along with heavier grain, such as decidedly less per ton than corn. In 12 
corn or barley. tests of this kind lambs fed oats as the 

However, good-quality, heavy oats only grain gained 0.33 lb. per head daily, 
may be successfully fed as the only in comparison with 0.37 lb. for those fed 
grain throughout the fattening period, com, and the oat-fed lambs required 
With oats as the grain, lambs can somewhat more feed per 100 lbs. gain. 110 
be gotten on full feed more rapidly Not considering the less rapid gains on 
without danger of digestive disturbances oats, each 100 lbs. of this grain equalled 
than when heavier grain is fed. After the in feeding value only 85.4 lbs. corn. 
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minus 0.3 lb. protein supplement and 
10.5 lbs. hay or hay equivalent in hay 
and silage. At usual prices, this would 
make oats worth about 80 per cent as 
much as corn. 

Oats, fed as the only grain, have 
been more nearly equal in value to barley 
for fattening lambs in experiments where 
these grains have been compared, and 
in some tests have been fully equal to 
barley. 111 When lambs are gotten on 
feed rapidly with oats and then fed all 
of this grain they will eat, it is probably 
safe to estimate that oats will be worth 
at least 90 per cent as much as barley. 
Light-weight oats are, of course, worth 
much less than heavy oats. 

Oats are a popular concentrate for 
pregnant ewes or ewes nursing lambs. 
Because of the lower net-energy value 
of oats, it will require somewhat more 
oats than corn or barley to keep the 
ewes in proper condition, but less rough- 
age will be eaten. In Indiana trials each 
100 lbs. of oats was equal to 62 lbs. 
corn plus 43 lbs. hay for ewes nursing 
lambs. 112 

It is unnecessary to grind oats for 
sheep. On the average, fattening lambs 
have made more rapid and economical 
gains on whole oats than on ground 
oats. 113 Sheaf oats may be fed to breed- 
ing ewes in the winter, thus saving the 
expense of threshing. 

724. Oats are the standard grain for 
horses. — Oats are such an excellent grain 
for horses that they are the standard with 
which other concentrates are compared. 
Because of the bulky hulls, oats are the 
safest of all grains for the horse. They 
form a loose mass in the stomach that 
can be easily digested, while such heavy 
feeds as corn, wheat, or barley tend to 
pack, sometimes causing colic. Even if a 
horse gains access to the grain bin and 
gorges on oats, there is much less danger 
of serious digestive trouble than with 
the heavier grains. 

Oats contain sufficient protein so 
that merely oats and hay from timothy 
or other grasses make a balanced ration 
for mature horses, without adding any 
protein supplement. Since oats are lower 
than com or barley in total digestible 


nutrients, a somewhat greater weight of 
oats is required to keep work horses in 
condition. For horses at very hard work 
a mixture of oats with corn or barley 
is better than oats as the only grain. 

Grinding or crushing oats for horses 
whose teeth are kept in good condi- 
tion increases the value only about 5 per 
cent. 114 If whole oats are mixed with 
chopped hay or straw, the saving through 
.grinding is even less. 115 For horses with 
poor teeth and for foals up to 7 or 8 
months of age, grinding or crushing oats 
is advisable. When oats are not com- 
bined, sheaf oats (unthreshed oats in 
the bundle) are an economical feed for 
horses, since the cost of threshing is 
saved and much of the straw is used. 
New or musty oats should not be fed to 
horses, as they may cause colic. 

While oats are unexcelled for horses, 
both scientific experiments and the ex- 
perience of farmers have shown clearly 
that other grains and also combinations 
of grains and other concentrates may be 
substituted for oats without injury to the 
condition, the wind, the endurance, or 
even the spirit of horses. 

725. Oats for swine. — Oats are sat- 
isfactory as part of the ration for swine, 
but they are too high in fiber and too 
bulky to be the chief concentrate. Ground 
oats are worth about as much as corn 
per 100 lbs. when forming a rather small 
part of the ration, but when fed in large 
amounts, they are worth much less than 
corn, barley, or wheat. Heavy oats, con- 
taining a small percentage of hulls, are 
much better for swine than light oats 
and may satisfactorily form a somewhat 
larger part of the ration. Since oats are 
higher than corn in protein, a little less 
protein supplement is needed when part 
of the com is replaced by oats. 

For growing and fattening pigs oats 
should generally form not more than 
one-third and preferably not more than 
one-fourth of the ration. In 20 experi- 
ments with pigs in dry lot, when ground 
oats was fed as not over one-fourth of 
a well-balanced ration to replace part 
of the corn, the rate of gain was in- 
creased a trifle. 116 Each 100 lbs. of oats 
replaced enough corn and protein sup- 
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plement to make the value of the ground 
oats just about equal to that of corn per 
100 lbs. 

Oats apparently have a lower value 
for pigs on pasture, probably because 
pasture forage itself is bulky. In 9 ex- 
periments with pigs on pasture, when 
oats were similarly added to corn and 
protein supplement -they were worth only 
82 per cent as much as corn. 117 

If pigs are fed a larger proportion of 
oats, the gains are usually slower and 
the oats worth considerably less. Pigs 
fed ground oats as the only grain with 
good protein supplements gained decid- 
edly less in 24 trials than others fed corn 
and .supplement. 118 Without considering 
the slower gain, the oats were worth 79 
per cent as much as corn. 

Occasionally, when pigs are self -fed 
com and tankage or some other protein 
supplement, free-choice, ground oats are 
also provided in a compartment of the 
self-feeder. When this is done, the pigs 
generally eat very little of the oats. 119 
Therefore, if one desires to use oats for 
pigs, it is best to mix the ground oats 
with com or other grain. 

For brood sows before their litters 
are farrowed, ground oats can form one- 
half of the ration without appreciably 
reducing the efficiency. 120 By 2 or 3 
weeks after farrowing, the proportion of 
oats should be reduced to one-fourth or 
one-third, so as to stimulate the milk 
flow with a more concentrated ration. 

Oats should be ground for swine, as 
grinding generally increases the value of 
the grain 25 per cent or more. Fine 
grinding was preferable to coarser grind- 
ing in a Canadian trial, but in Indiana 
trials medium-fine grinding was fully as 
good as fine grinding. 121 Soaking whole 
oats does not increase their value appre- 
ciably. 

When forming a large part of the 
ration for pigs, oats tend to produce fat 
which is a little softer than that pro- 
duced on corn. 

726. Oats for poultry. — Oats are 
desirable in poultry rations because of 
certain special qualities, even though 
they rank below corn or wheat in sup- 
plying total digestible nutrients or net 


energy. Because of the hulls, the use of 
oats in poultry rations tends to prevent 
feather picking and cannibalism. 122 Also, 
the hulls seem to provide a factor that 
improves the growth and feather de- 
velopment of chicks and helps prevent 
mortality. 123 

Plump heavy oats should be used 
for poultry since the hulls seem to fur- 
nish no net energy for them. If light- 
weight oats are fed, one should keep the 
fiber content of the rest of the ration 
rather low. 

According to Ohio studies, good 
methods of supplying oats to laying hens 
are to feed whole oats, free-choice in 
b°pp er s, in addition to feeding mash 
separately, or else to mix 20 per cent 
of whole oats in the mash. 124 Feeding 
oats in such a manner was of especial 
importance with chickens that were 
closely confined. 

For laying hens, as much as 40 to 
50 per cent of oats gives satisfactory 
results, if the oats are heavy and 
plump. 125 However, a considerably 
smaller proportion is ordinarily used. 

In Texas studies it was estimated 
that for chickens oats of good grade, 
containing 30 per cent hulls, supplied 
about 75 per cent as much net energy 
per pound as did No. 2 corn, and about 
80 per cent as much as wheat. 126 When 
the proportion of oats is not too large, 
it seems, however, to have a higher rela- 
tive value than this for laying hens. 
Thus, in 3 Texas experiments it was 
concluded that oats were equal to corn 
for layers, when thus substituted for it, 
pound for pound. 127 

Usually, not more than 10 to 15 per 
cent of ground oats is included in start- 
ing mashes for chicks. Too large a pro- 
portion may cause digestive disturbances. 
Using a large percentage of ground oats 
in a ration for broilers decreases the rate 
of gain. Sometimes rolled oats or feed- 
ing oat meal (not including the hulls) is 
used as an ingredient in the mash for 
chicks. 

727. Corn-and-oat feed. — This feed, 
also called corn-and-oat chop, ground 
corn and oats, ground feed, and prov- 
ender, is extensively used in the eastern 
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and southern states for dairy cows and 
especially for horses and mules. In com- 
position it ranges from a mixture of vari- 
ous proportions of good-grade corn and 
oats to one containing a large proportion 
of low-grade materials, such as oat hulls 
and ground corn cobs. The best guide 
to the purity is the fiber content. When 
corn-and-oat feed contains over 7 to 8 
per cent fiber, it has either been adul- 
terated or made from poor-quality oats. 

728. Oat by-products. — In the method 
now used in making oatmeal for human 
consumption, the hulls and particles of the 
oat kernel, or groat, are combined to form 
the product called oat mill by-product. Ac- 
cording to the definition proposed by the 
Association of American Feed Control Offi- 
cials, this should not have more than 32 per 
cent fiber. 67 Since oat hulls do not generally 
have more fiber than this, oat mill by- 
product as now produced evidently consists 
almost entirely of oat hulls, with only traces 
of particles of the oat kernels. The feeding 
value of this by-product is consequently not 
appreciably higher than that of oat hulls. 

Until the milling process was changed 
recently, the by-product known as oat mill 
feed had about 84 per cent of oat hulls and 
16 per cent of fragments of the kernels. Ex- 
tensive Wisconsin and other experiments 
showed that such oat mill feed could be used 
as a substitute for part of the grain ordi- 
narily fed to dairy cows, beef cattle, sheep, 
and horses. 128 Thus used, this oat mill feed 
was worth about 30 to 40 per cent as much 
as corn grain. Used as a substitute for part 
of the hay, the value of oat mill feed ranged 
from that of timothy hay to not appreciably 
more than that of chopped oat straw. The 
oat mill by-product now produced in this 
country undoubtedly has a lower value than 
the former oat mill feed, because it has a 
smaller percentage of fragments of the ker- 
nels. 

Oat hulls are a low-grade roughage, 
since they supply less total digestible nutri- 
ents than oat straw or even wheat straw. 

Clipped oat by-product ( also called 
“oat clippings”) is the by-product obtained 
in the manufacture of clipped oats. It may 
contain, according to the definition of the As- 
sociation of American Feed Control Officials, 
the light chaffy material broken from the 
ends of the hulls, and also empty hulls, light 
immature oats, and dust. 67 It must not have 
an excessive amount of hulls. This by- 
product averages 8.8 per cent in protein and 


has 25.3 per cent of fiber. It is therefore 
worth somewhat more; f ban oat mill by- 
product. Clipped oat fey^foduct is chiefly 
used as an ingredient in certain mixed feeds. 

729. Hulled oats; feeding oat meal; 
steel-cut oats; hull-less oats. — -Occasionally 
oats for feeding are run through hulling ma- 
chines which grind the grain and remove 
most of the hulls. Generally not over 85 to 
90 per cent of the kernels are recovered in 
the hulled oats , the rest going with the hulls. 
It takes 155 to 165 lbs. of whole oats to pro- 
duce 100 lbs. of hulled oats. Hulled oats are 
a high-grade feed, but usually expensive. 
They are sometimes used in pig starters or 
in mashes for chicks. For growing and fat- 
tening pigs ground oats are decidedly more 
economical. 

In 9 experiments with growing and fat- 
tening pigs, the addition of a limited amount 
of hulled oats to a ration of corn and protein 
supplement has increased the rate of gain 
slightly. 129 Each 100 lbs. of hulled oats 
(made from 155 to 165 lbs. of whole oats) 
saved enough corn and protein supplement 
to equal about 140 lbs. of corn in value. In 
these trials the oats before hulling were 
therefore worth decidedly less than corn per 
pound. Similar results were secured in 2 Illi- 
nois tests with weanling pigs, when one-third 
hulled oats was included in the ration. 130 

Feeding oat meal , a by-product in the 
manufacture of rolled oats, consists of broken 
pieces and fragments of the rolled kernels 
and floury portions of the kernels, with only 
such quantity of finely ground oat hulls as is 
unavoidable in the usual process of commer- 
cial milling. According to the definition of 
the Association of American Feed Control 
Officials, it must not have more than 4 per 
cent of fiber. 67 Steel-cut oats consist of 
hulled oat kernels that have been cut into 
pieces. These feeds are generally used in 
chick mashes or pig starters. 

Hull-less oats have the same composi- 
tion as hulled oats and resemble wheat, ex- 
cept that they have more fat. They are an 
excellent feed where they can be produced 
economically. 131 

730. Sprouted oats. — For a time, 
sprouted oats were used to a considerable 
extent in the winter feeding of poultry to 
furnish a green and succulent feed. With the 
advances in knowledge concerning the im- 
portance of vitamins and other factors in 
poultry nutrition, efficient rations were de- 
veloped that made the labor and expense of 
sprouting oats unnecessary. Therefore the 
practice has been practically discontinued. 

It was claimed some years ago that the 
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feeding of sprouted oats aided in overcoming 
sterility in dairy and heifers that had 

failed to conceive>6om repeated services. 
However, experiments have shown that 
sprouted oats are not usually beneficial in 
such cases. 132 

QUESTIONS 

1. Discuss the general nutritive character- 

istics of the cereal grains, consider- 
ing amount and quality of protein, 
amounts of calcium and phosphorus,' 
and content of the various vitamins. 

2. Discuss the composition and the special 

nutritive characteristics of corn grain. 

3. Compare the feeding value of yellow 

corn and white corn under various 
conditions. 

4. \Vhat various types of corn are grown? 

Compare the value of flint corn and 
dent corn; of hybrid corn and the 
older open-pollinated varieties. 

5. What is the approximate upper limit of 

moisture for safe storage of ear corn 
in a crib; for safe storage of shelled 
corn in a bin? 

6. How may soft corn be utilized? 

7. In what forms is corn grain fed to stock? 

8. Compare the composition and nutritive 

value of corn cobs and of corn grain. 

9. How can ground corn cobs be utilized 

for: (a) Wintering beef cattle; (b) 
fattening beef cattle; ( c ) dairy cattle? 

10. Discuss the use and value of corn for: 

(a) Dairy cattle; (b) beef cattle; (c) 
sheep; (d) horses and mules; (e) 
swine; (f) poultry. For each class 
of stock, state the forms in which corn 
is usually fed. 

11. Discuss the composition of the different 

parts of the corn kernel. 

12. What is hominy feed? Compare the com- 

position and feeding value of hominy 
feed and corn. 

13. Describe the manufacture of starch from 

corn and name the by-products pro- 
duced. 

14. Of what is com oil meal composed and 

what Is its usual composition? 

15. Discuss the composition and feeding 

value of corn gluten feed; corn gluten 
meal. 

16. How does corn germ meal differ from 

com oil meal? 

17. Discuss the composition of oats in com- 

parison with that of corn, and state the 
classes of livestock to which oats are 
most commonly fed in your district. 

18. Discuss the use and value of oats for: 

(a) Dairy cattle; (b) beef cattle; (c) 


sheep; (d) horses; (e) swine; (f) 
poultry. 

19. How could you tell from the guaranteed 

composition whether or not a particu- 
lar lot of corn-and-oat feed was of 
good grade? 

20. What is the chief by-product in the 

manufacture of oat meal? Discuss its 
composition and feeding value. 

21. For what classes of stock are oat meal 

or hulled oats sometimes used? 
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THE OTHER CEREALS AND BY-PRODUCTS 


I, Wheat and Its By-products 
781. Importance of wheat. — Wheat 


tenacity required in bread making, a 
high gluten content is desired in flour 
for this purpose. Much wheat is there- 


(Triticum aestivum) is second only to fore now sold at the central markets 


corn in importance as a cereal in the 
United States, but most of it is raised 


the basis of certified percentage of pro- 
tein. For making cakes and pastries, soft 


for the manufacture of flour and other wheat is preferred, with its lower nro- 

i c — r jl _ • . . . “ 


human foods. Relatively little of the crop 
is generally fed to livestock. However, 
wheat is satisfactory for all classes of 
stock when properly used, and is equal 
or nearly equal to com in feeding value. 
Wheat has been extensively used for 
stock feeding in this country when un- 
usually low in price, or when there was 
a shortage of feed grains and a surplus 
of wheat. Low-grade wheat, not suitable 
for milling, is commonly fed to stock. 

Though wheat itself is not usually 
fed to farm animals in this country, the 
wheat bran and middlings secured in 
milling wheat rank next to soybean oil 
meal in tonnage among the by-product 
stock feeds. 

732. Wheat as a feed. — Wheat re- 
sembles the other cereals in the general 
nutritive characteristics which have been 
discussed in the previous chapter. (680 ) 
The protein content of wheat varies 
widely, depending on the climate, the 
type of wheat, and the soil fertility. Hard 
spring wheat, chiefly from the northern 


tein content. 

The protein of the entire wheat 
grain is of relatively poor quality, al- 
though it is superior to that of com. In 
wheat bran and wheat germ the protein 
is of better quality than in the rest of 
the kernel 

Wheat has about as much nitrogen- 
free extract (nearly all starch) as does 
corn, and is only slightly higher in fiber. 
It has only about 2 per cent fat, in com- 
parison with about 4 per cent for com. 
Wheat is fully as digestible as corn, and 
supplies about as much total digestible 
nutrients as dent corn of No. 2 grade. 

Wheat is low in calcium, having 
only 0.04 per cent. Its average phos- 
phorus content is 0.39 per cent, which 
is appreciably higher than that of corn. 

Wheat is deficient in vitamin A value 
and in vitamin D. It is a good source of 
thiamine but is low in riboflavin, like 
the other cereals. It is much higher than 
corn in niacin. 

Durum wheat, grown extensively in 


plains states, has an average of 15.8 per the western part of the northern plai; 


cent protein, and hard winter wheat, 
chiefly from the southern plains states, 


area, has about the same composition 
and feeding value as the other spring 


an average of 13.5 per cent protein. Soft wheat raised there. The standard weight 
wheat is much lower in protein. Soft of wheat per bushel is 60 lbs. 


winter wheat from the Mississippi Val- 


Wheat is usually well liked by stock 


ley and eastward has an average of only and is frequently fed as the only grain 
10.2 per cent protein, and soft wheat to swine and to fattening cattle and 


from the Pacific Coast states only 9.9 sheep. Howeve 
per cent. sionally go 'off 

The amount of protein in wheat is disturbances wl 
highly important from the milling stand- This can be z\ 
point, as it indicates the amount of glu- with other fee 
ten. Since gluten gives wheat dough the barley, or bran. 
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sheep. However, cattle or sheep occa- 
sionally go "off feed” or have digestive 
disturbances when heavily fed on wheat. 
This can be avoided by mixing wheat 
with other feeds, such as corn, oats, 


Ilf 
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Since the kernels are rather hard 
and small, wheat should be ground or 
crushed for feeding to cattle and horses, 
and also for swine unless they are self- 
fed. The grain should be ground to only 
a medium degree of fineness, for wheat 
ground to a fine, floury meal is less palat- 
able and more apt to form a pasty mass 
in the mouth. 

Low-grade wheat which is not suit- 
able for milling may nearly equal wheat 


if fed in a suitable concentrate mixture 
and in a properly balanced ration. 1 For 
dairy cows wheat should be ground, not 
too finely, or crushed, and it is best to 
mix it with some bulky concentrate, as 
it is a very heavy feed. Because of its 
rather pasty nature, the best results are 
probably secured when wheat does not 
form more than one-third to one-half of 
the concentrate mixture. However, wheat 
has been fed successfully to cows as the 



Heads of Different Types of Wheat 

From left to right; 1, bearded winter wheat; 2, beardless spring wheat; 3, bearded 
spring wheat; 4, durum, or macaroni wheat; 5, club wheat. 


of milling quality in value for stock feed- 
ing, if it is not badly molded. The value 
of salvage wheat or other salvage grain, 
which has been damaged in elevator 
fires, will depend on the extent of in- 
jury by charring or smoke. 

In using wheat as a feed, the fact 
that it is higher than corn in protein 
should be borne definitely in mind. Less 
protein supplement is needed to balance 
a ration when wheat is the chief grain 
than in the case of corn. 

733. Wheat for dairy cattle. — 
Ground wheat is about equal to ground 
com for dairy cattle and is an entirely 
satisfactory feed, even for long periods, 


only concentrate, with plenty of legume 
hay for roughage. 

734. Wheat for beef cattle. — When 
economical in price, wheat may be sub- 
stituted for other grain in feeding beef 
cattle. In several experiments, as men- 
tioned later, ground wheat has given ex- 
cellent results even when fed as the 
only grain for fattening cattle. However, 
in other trials wheat has been much less 
satisfactory than com as the sole grain. 2 
More care is necessary to prevent cattle 
fed heavily on wheat from going “off 
feed” than when other grains are used. 
Also wheat is somewhat less palatable 
than com to cattle. 
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For these reasons other grains, such 
as corn, barley, or oats, should, if pos- 
sible, be mixed with ground wheat for 
fattening cattle, or else it should be 
mixed with silage or some other bulky 
feed. Several experiments have shown 
that on such mixtures as one-half wheat 
by weight and one-half of these other 
grains the: gains are generally fully equal 
to those ' 0n corn. Also, the cattle have 
good appetites throughout the fattening, 
period, are not apt to bloat, and do not 
tend to go “off feed/' 3 

If wheat is fed as the only grain by 
an experienced cattleman, it may be fully 
equal to corn in value. In 9 trials in which 
ground or rolled wheat was thus com- 
pared with ground or rolled corn, the 
wheat-fed cattle made nearly as rapid 
gains as did those fed corn. 4 In these 
trials wheat would have produced gains 
at equal cost, if priced 9 per cent higher 
per ton than corn. 

Ground wheat had a similar high 
value in 6 trials in which it was compared 
with ground barley as the only grain. 5 
The gains were as rapid on wheat as on 
barley, and less feed was needed per 100 
lbs. gain. On the basis of the feed per 
100 lbs. gain, wheat was worth about 18 
per cent more than barley. 

Wheat should be coarsely ground or 
else rolled for beef cattle. In tests of 
these methods of preparing wheat for 
fattening cattle, there has been no con- 
sistent difference in favor of either 
ground wheat or rolled wheat. 6 In com- 
paring the values of corn and wheat for 
beef cattle, it should be borne in mind 
that there is no need of grinding corn if 
pigs follow the cattle, while wheat is 
not utilized well unless ground. The cost 
of grinding must therefore be deducted 
to find the value of whole wheat per ton, 
before being ground, in comparison with 
shelled corn. Sometimes this will be 
partly offset by the fact that wheat is 
richer than corn in protein. No supple- 
ment may therefore be required with 
wheat, while it may be needed with corn. 

While the results with wheat have 
differed, it can be concluded that when 
ground wheat is mixed with other grain 
for fattening cattle, it is fully equal to 


com. Frosted or shrunken wheat may 
give as good results as wheat of good 
milling grade. 

735. Wheat for sheep. — Wheat is a 
very satisfactory grain for fattening 
lambs or for the breeding flock. Al- 
though wheat is satisfactory as the only 
grain for fattening lambs, somewhat bet- 
ter results seem to be secured when it 
is fed in combination with shelled corn, 
barley, grain sorghum, or oats. 7 Lambs 
like such mixtures a little better than 
wheat alone, and there is sometimes less 
trouble with them going “off feed.” 

Wheat fed as the only grain to fat- 
tening lambs has produced slightly more 
rapid gains, on the average, than barley. 8 
Also, a little less feed was required per 
100 lbs. gain by the wheat-fed lambs, 
and 100 lbs. of wheat were equal in 
value to 106 lbs. barley plus 7 lbs. hay. 

In experiments in which wheat has 
been compared directly with corn for 
fattening lambs, it has had a little lower 
value than we would expect, in com- 
parison with the results of the tests with 
fattening cattle and pigs. In 18 experi- 
ments lambs fed wheat and legume hay 
gained an average of 0.28 lb. per head 
daily, while others fed corn and legume 
hay gained 0.31 lb. 9 The wheat-fed 
lambs also required slightly more grain 
and hay per 100 lbs. gain. Considering 
only the feed required per 100 lbs. gain 
and not the difference in rate of gain, 
100 lbs. of wheat were equal to 90.6 lbs. 
shelled corn minus 15.0 lbs. hay. With 
com at twice the price of hay per ton, 
this would make wheat worth 83 per 
cent as much per ton as corn. 

Experiments have shown that it 
does not usually pay to grind or crush 
wheat for sheep. 10 Indeed, the ground 
or crushed grain is less palatable to them 
and in the case of fattening lambs will 
usually produce less rapid and less eco- 
nomical gains than whole wheat. 

736. Wheat for horses and mules. 
— Wheat is a satisfactory substitute for 
oats, if ground coarsely or crushed, and 
mixed with a bulky feed to prevent colic. 
Thus fed with care, its value per 100 lbs. 
will be higher than that of oats. 



440 



FEEDS AND FEEDING 


737. Wheat for swine. — Wheat of 
good quality is well liked by swine, and 
is even slightly superior to corn in value 
for them. It produces firm pork of good 
quality. In 23 experiments pigs fed 
ground wheat as the only grain, with an 
efficient protein supplement, gained a 
little more rapidly than others fed corn in 
place of wheat. 11 Because wheat contains 
more protein than does corn, a little less 
tankage or other protein supplement was 
required with wheat, but the wheat-fed 
pigs consumed a trifle more grain per 
100 lbs. gain. 

In these trials 100 lbs. of ground 
wheat were equal in value to 96.8 lbs. 
shelled corn plus 2.9 lbs. tankage or tank- 
age equivalent. With feeds at representa- 
tive prices, wheat would be worth about 
3 per cent more than shelled corn. In 22 
other trials ground wheat has produced 
slightly more rapid gains than ground 
barley, when fed as the only grain to 
pigs, and 100 lbs. wheat have been equal 
to 107.8 lbs. barley plus 2.1 lbs. tankage 
or tankage equivalent. 12 

When wheat is fed in self-feeders, 
pigs chew the grain so thoroughly that 
grinding it does not usually make suffi- 
cient saving to warrant the expense. 13 On 
the other hand, grinding is advisable 
when wheat is hand-fed, for the pigs are 
so eager to get their share that they do 
not chew whole wheat thoroughly. 
Wheat should not be ground too finely, 
or it may form a pasty mass in the 
mouth. Whole wheat should not be 
soaked as a substitute for grinding, as it 
is not so well utilized as the dry whole 
grain. 14 

Wheat generally gives excellent re- 
sults when fed as the only grain to swine. 
Occasionally, however, when wheat is 
thus fed, pigs may show a little more 
tendency to go “off feed” than when corn 
or barley is fed. In such cases, it is well 
to mix other grain with the wheat, for 
the combinations produce very satis- 
factory results. When pigs are self-fed 
both wheat and corn separately, free 
choice, they may eat 3 to 5 times as 
much wheat as corn, because they like 
wheat so well. 15 

Though wheat is somewhat richer 


than corn in protein, nevertheless it re- 
quires the addition of an efficient pro- 
tein supplement to produce rapid and 
economical gains, except for pigs on ex- 
cellent pasture. Wheat is so palatable to 
pigs that when they are self-fed, free- 
choice, on wheat and either tankage or 
fish meal, they do not generally take 
more of the supplement than they need. 

738. Wheat for poultry. — -Wheat is 
'preferred to all other grains by poultry, 
and it is equal or slightly superior to corn 
in value for them. 16 Even when wheat is 
more expensive than other grains, a 
limited amount is often included in poul- 
try rations because of its palatability and 
to furnish greater variety. 

When wheat is low in price, it can 
be used satisfactorily as a complete sub- 
stitute for yellow corn, if sufficient vi- 
tamin A is provided by other feeds. 
Ground wheat may also be substituted 
for wheat bran and wheat middlings in 
poultry mashes, but it must be remem- 
bered that wheat is lower in protein and 
also in phosphorus. Soft wheat is some- 
what more palatable to poultry than 
hard wheat, when the whole grain is fed. 

If laying hens are self-fed whole 
wheat, free choice with mash, they may 
eat so much wheat that they will not 
consume enough of the mash to balance 
their ration, this may be avoided by 
feeding the whole wheat in the evening 
on top of the mash in about the amount 
that will be consumed at this feeding. 17 

It has been believed by some that 
the feeding of new wheat, soon after 
threshing, tends to produce blue comb, 
or pullet disease. It is therefore best not 
to feed wheat to poultry until it has dried 
out and passed through the sweat. 

739. Wheat flour manufacture and 
the milling by-products. — The wheat 
kernel is covered with brownish bran 
coatings, which are richer than the en- 
tire grain in protein and minerals and 
also much higher in fiber. Under the bran 
is the brownish aleurone layer, also rich 
in protein. The germ, which is at the 
base of the kernel, is rich in oil, protein, 
and minerals. The remainder of the ker- 
nel consists of thin-walled cells packed 
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with starch grains. Among the starch 
grains are the particles of gluten that 
give wheat dough its tenacity. 

In producing flour the miller de- 
sires to secure all the starch and gluten 
possible from the wheat grains, while 
avoiding the germ and bran. He leaves 
out the germs because they make a sticky 
dough and also soon turn dark and ran- 
cid, giving the flour a specked appear- 
ance. Nor does he use the aleurone layer, - 
as it gives a brownish tint to the flour. 



Diagram of Wheat Kernel 

A, the bran coats; b, aleurone layer; 
c, cells filled with' starch grains; d, embryo, 
or germ; e, embryo leaves; f, embryo root. 

In modern milling, the wheat is first 
cleaned and moistened to toughen the 
bran. Then it passes between pairs of 
steel rollers, the first pairs of which are 
corrugated. These rollers gradually break 
the kernels into pieces, flatten out the 
bran, and separate the flour from it. 
After passing through each pair of 
rollers, the flour is removed by sieves 
and bolting cloth. Later in the process, 
the various by-products are separated, all 
possible flour being recovered at each 
step in the reduction of the kernels. 

The terms used to designate the var- 


ious by-products differ somewhat in var- 
ious parts of the country, and also the 
names of certain of the winter wheat by- 
products differ from those of the spring 
wheat by-products. The term wheat bran 
(often called merely “bran”) is used for 
the coarsest by-product, which consists 
chiefly of the bran layers. For the finer 
by-products from spring wheat the terms 
commonly used are standard middlings , 
flour middlings , and wheat red dog. In 
the case of the by-products from winter 
wheat, the common names are brown 
shorts , gray shorts , and white middlings. 

In a small proportion of the flour 
mills, a part of the wheat germ is sepa- 
rated from the other by-products, for the 
production of wheat germ oil or other 
purposes. Where part of the germ has 
been removed, the wheat by-products, 
especially the middlings, will be lower in 
vitamin E, and also a little lower in fat. 

In the manufacture of white flour, 
about 71 per cent of the weight of the 
cleaned wheat goes into the flour and 
the remainder into the by-products. Of 
the total by-products, bran and standard 
middlings each form about two-fifths of 
the weight, and wheat red dog slightly 
less than one-fifth. 

740. Wheat bran. — Wheat bran, 
which consists almost entirely of the 
coarse outer coatings of the wheat ker- 
nel, is one of the most popular and im- 
portant stock feeds. It is highly palatable 
to stock, and it has a mild laxative effect. 
Also, it is twice as bulky as oats. Its pop- 
ularity is due in no small part to these 
characteristics. 

Wheat bran averages 16.4 per cent 
in protein and 4.5 per cent in fat, and 
does not usually contain more than about 
10 per cent fiber. Wheat bran supplies 
66.9 lbs. of total digestible nutrients per 
100 lbs., which is slightly less than oats 
furnish. 

The protein of bran is of better 
quality than that of corn or the entire 
wheat grain, but it is not so good as the 
protein in such feeds as soybean oil meal, 
milk, meat by-products, and fish by- 
products. 

In phosphorus content bran is one 
of the richest of all common feeds, but 
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it is low in calcium. It has 1.29 per cent 
of phosphorus, but only 0.13 per cent of 
calcium. 

Wheat bran has practically no vi- 
tamin A or vitamin D. It is rich in niacin 
and fairly high in thiamine, but rather 
low in riboflavin, though having more 
than twice as much as does the whole 
wheat grain. 

The best grades of bran have large 
clean flakes and contain no screenings. 
Such bran is often called * pure wheat 
bran.” When bran contains screenings, 
most states require that the fact be in- 
dicated on the feed tags. 

“Standard bran,” or bran containing 
screenings, usually sells at 50 cents to 
$1.00 less per ton than pure bran. Since 
wheat screenings have much the same 
chemical composition as wheat bran, 
there is often no significant difference in 
composition between bran without 
screenings and standard bran. Unless 
bran contains more screenings than usual 
or unless the weed seeds are of a kind 
that give it a bitter taste, the difference 
in price between the two grades prob- 
ably represents the approximate differ- 
ence in actual value. However, there may 
be more danger of introducing noxious 
weeds on the farm when bran is fed that 
contains screenings. 

Hard spring wheat bran does not 
differ much in composition from winter 
wheat bran, but it is slightly higher in 
fat and furnishes slightly more total di- 
gestible nutrients. 

Bran and middlings from small mills 
in which the flour is not separated so 
completely are a little higher in nitrogen- 
free extract, a little lower in fiber, and 
also slightly lower in protein than these 
by-products from large mills. Such 
“country mill bran” and “country mill 
middlings” frequently sell at a slight 
premium. However, sometimes these 
terms are used in a misleading manner 
for any bran or middlings which does not 
come from a mill in one of the large mill- 
ing centers. 

741. Wheat standard middlings; 
brown shorts . — Wheat standard mid- 
dlings, usually called “standard mid- 
dlings” or merely “middlings,” are the 


by-product from spring wheat that con- 
sists mostly of fine particles of bran and 
germ, with very little of the wheat red 
dog. The similar by-product from winter 
wheat milling is called wheat brown 
shorts, or sometimes “red shorts.” These 
feeds have about the same composition, 
except that standard middlings are 
slightly higher in fiber and also higher 
in protein and fat than brown shorts. Ac- 
cording to the definitions of the Associa- 
tion of American Feed Control Officials, 
standard middlings must not contain 
more than 9.5 per cent fiber and brown 
shorts not more than 7.5 per cent. 18 

Standard middlings are slightly 
richer in protein and fat than wheat 
bran and contain more nitrogen-free ex- 
tract. They are appreciably more di- 
gestible than wheat bran and have an 
average of 77.2 lbs. of total digestible 
nutrients per 100 lbs. in comparison with 
66.9 lbs. for bran. Standard middlings 
thus supply about 15 per cent more total 
digestible nutrients and have a corres- 
pondingly higher value, except when the 
more bulky nature and greater laxative 
effect of bran are desired. Standard mid- 
dlings are rich in phosphorus, but they 
are low in calcium, like other wheat by- 
products. 

Middlings supply practically no 
carotene or vitamin D. They are high in 
thiamine and niacin, but low in ribo- 
flavin. 

Standard middlings are used chiefly 
for swine, calves, and poultry, but may 
also be fed to other stock in place of 
bran. For swine and poultry, middlings 
do not give good results when fed as the 
only supplement to the grains, because 
their protein does not correct the defi- 
ciencies in the proteins of the grains. 
Standard middlings and other types of 
middlings are excellent swine or poultry 
feeds when part of the protein in the 
ration comes from such feeds as soybean 
oil meal, tankage, or dairy by-products. 

742. Wheat red dog; wheat white 
shorts . — Wheat red dog , also called “red 
dog flour,” is the spring wheat by-prod- 
uct from the “tail of the mill,” consisting 
chiefly of the aleurone layer, together 
with small particles of bran, germ, and 
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flour. The similar by-product from winter 
wheat is wheat white shorts , also called 
"white middlings.” Wheat red dog is 
slightly higher in protein and fat than 
white shorts, but otherwise there is little 
difference in composition. 

These by-products are considerably 
lower in fiber and higher in nitrogen-free 
extract than standard middlings. They 
are highly digestible and are even richer 
than the entire wheat grain in total di- 
gestible nutrients. They are fed chiefly 
to swine, especially young pigs, but are 
also often used in calf meals, on account 
of their high digestibility. 

743. Wheat feed flour. — Wheat 
feed flour consists principally of wheat 
flour, together with fine particles of 
wheat bran, wheat germ, and the ma- 
terial from the "tail of the mill.” Ac- 
cording to the definition of the Associa- 
tion of American Feed Control Officials 
it should not have more than 1.5 per cent 
of fiber. 18 

744. Wheat flour middlings; wheat 
gray shorts. — Wheat flour middlings con- 
sist of standard middlings and wheat 
red dog combined. 

The similar by-product from winter 
wheat is wheat gray shorts (also called 
"gray middlings” or "total shorts”). The 
average fiber content of flour middlings 
is 4.3 per cent and of gray shorts 6.0 per 
cent. Flour middlings and gray shorts are 
used much like standard middlings, but 
are especially well suited to young pigs, 
because they are slightly higher in di- 
gestible nutrients than standard mid- 
dlings or brown shorts. 

745. Wheat mixed feed. — Wheat 
mixed feed consists of wheat bran and 
the flour middlings or gray shorts. It is 
often called "mill run.” Since wheat 
mixed feed of good quality contains the 
middlings, it is somewhat lower than 
wheat bran in fiber and it is about 5 per 
cent higher than bran in total digestible 
nutrients. This is about the usual dif- 
ference in feeding value, unless bran is 
desired for greater bulk. 

746. Wheat germ meal; wheat 
germ oil meal. — Certain of the larger 
flour mills separate some of the wheat 


germ more or less completely from the 
middlings and sell the product as wheat 
germ meal . This contains the germs to- 
gether with some bran and middlings. It 
has an average of 27.8 per cent protein 
and 9.2 per cent fat, and is used chiefly 
in dog foods, mink feeds, and feeds for 
laboratory animals. Wheat germ meal 
is rich in vitamin E. Its use to prevent 
the "stiff-lamb disease” is discussed in 
Chapter XXXI. 

Sometimes much of the fat is re- 
moved from the wheat germs, in the pro- 
duction of wheat germ oil. The by-prod- 
uct which remains is wheat germ oil meal 
or cake. This is much lower than wheat 
germ meal in fat and in vitamin E. 

747. Palmo middlings. — "Palmo midds” 
is a by-product in the making of tin plate. 
The excess of the palm oil used in polishing 
the tin plate is removed by scouring the 
plate with wheat middlings (often contain- 
ing some screenings). This mixture of mid- 
dlings with a small amount of oil is sold as 
palmo middlings. 

This by-product usually contains 7 to 10 
per cent of fat or oil, and is slightly lower in 
protein than standard wheat middlings. It 
should be used in the same manner as wheat 
middlings in stock feeding and is chiefly- 
fed to swine. On account of the rather high 
oil content, it had best not form more than 
20 to 25 per cent of the ration. Also, palmo 
middlings may contain appreciable amounts 
of fine tin particles and may consequently 
be toxic to stock if it forms a large part of 
the ration. 19 Smaller proportions of palmo 
middlings are not injurious. 

As a feed for pigs, palmo middlings has 
generally been worth appreciably less than 
standard wheat middlings or flour mid- 
dlings. 20 

748. Wheat by-products for dairy 
cattle. — Wheat bran is one of the most 
popular dairy feeds, and its value for 
milk production seems to be somewhat 
greater than would be estimated from 
its content of protein and digestible nu- 
trients. Bran is usually fed in combina- 
tion with the grains and with feeds richer 
in protein, such as the oil meals. It has a 
higher value when forming not over one- 
fourth to one-third of the concentrate 
mixture than when more is fed. On ac- 
count of its laxative effect and its bulky 
nature, bran is especially valuable for 
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cows just before and after calving and 
for those on official test. It is also ex- 
cellent for dairy calves and heifers. Bran 
and oats are often substituted for each 
other, wholly or partially, in making up 
concentrate mixtures for dairy cattle. 

Wheat mixed feed may be used in 
place of wheat bran in dairy rations and 
is worth about 5 per cent more than bran 
for this purpose. 

Standard wheat middlings or wheat 
shorts are satisfactoiy for dairy cows 
when forming not over one-third of the 
concentrate mixture. Though they are 
not so bulky as bran or quite so palata- 
ble, they are slightly higher in protein 
and are higher in total digestible nu- 
trients. If standard middlings cost no 
more than bran, they are an economical 
substitute for part or all of the bran for 
dairy cows, unless the bulk of bran is de- 
sired to lighten the concentrate mixture. 

749. Wheat by-products for beef 
cattle, — The use of wheat bran for beef 
cattle is limited chiefly to the breeding 
herd and young calves, and bran is ex- 
cellent as part of the concentrates for 
such stock. Bran is also sometimes mixed 
with the grain when fattening cattle are 
being started on feed. After the cattle 
are on full feed, the bran is generally 
replaced by more concentrated protein 
supplements, such as linseed meal, cot- 
tonseed meal, or soybean oil meal. This 
is because a much larger amount of bran 
than of these high-protein feeds must be 
fed to balance a ration. Since bran is 
bulky and relatively low in total digest- 
ible nutrients, the considerable amount 
needed to balance the ration will lessen 
the gains of fattening cattle and result 
in a poorer finish. 21 

In Kansas experiments with calves 
or yearling steers being wintered on sor- 
ghum silage, nearly 2 lbs. of bran per 
head daily were needed to produce as 
good gains as were obtained when 1 lb. 
of cottonseed meal was fed. 22 

Wheat mixed feed may be used for 
beef cattle in the same manner as wheat 
bran. Wheat middlings or wheat shorts 
are not commonly fed to beef cattle, but 
may be included in the ration when eco- 
nomical in price. 


750. Wheat by-products for sheep. 
— Wheat bran is excellent as part of the 
concentrates for breeding ewes, as it is 
laxative and fairly rich in protein. It is 
also often used as part of the grain mix- 
ture for young lambs, and is frequently 
mixed with com and other heavy con- 
centrates in starting fattening lambs on 
feed. It should form no large part of the 
grain allowance for fattening lambs after 
they are on full feed, for it is too bulky. 23 
When bran is cheaper in price than 
grain, 10 to 15 per cent can be satis- 
factorily included in the mixture for fat- 
tening lambs. 24 Such combinations are 
commonly used in fitting sheep for show. 

Wheat mixed feed can be used' like 
wheat bran in sheep feeding. Wheat mid- 
dlings and wheat shorts are not often fed 
to sheep. When standard wheat mid- 
dlings were fed at the rate of 0.35 lb. 
daily to fattening lambs in a New York 
trial, there was a tendency for some of 
the male lambs to develop urinary cal- 
culi. 25 (251) 

751. Wheat by-products for horses 
and mules. — Wheat bran is one of the 
most useful feeds for horses and mules, 
because of its bulky nature and mild 
laxative properties. If not more freely 
provided, its use once a week is desir- 
able. When horses are fed grain as the 
only concentrate on work days, it is a 
good plan to feed them on Sundays and 
other idle days a mixture of one-third 
bran with two-thirds oats or other grain. 
Bran is excellent as a part of the ration 
for brood mares, foals, and stallions. 
When bran is cheap, it is an economical 
substitute for part of the grain for work 
stock. 

If horses are constipated, a wet 
mash may be used, which has a more 
laxative effect than dry bran fed in mix- 
ture with other feed. A wet bran mash is 
prepared by pouring hot water over the 
bran and letting it stand for a half hour 
or more before feeding. A wet bran mash 
should be given at night and preferably 
before a day of rest. 

Though wheat middlings or shorts 
furnish more nutrients than bran, they 
are not so desirable for horses, because 
of their heavier character. When fed to 
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horses, they should be mixed with bulky 
feeds and should not form over one- 
fourth the concentrates, as they may tend 
to produce colic if fed in too large 
amounts. 

752. Wheat by-products for swine. 
— Wheat standard middlings and brown 
shorts are popular swine feeds. They pro- 
duce excellent results when fed with 
grain and such protein supplements as 
dairy by-products, soybean oil meal, 
meat scrap, or fish meal, which supple- 
ment the protein of the grains better. 
When thus fed, standard middlings are 
worth fully as much or slightly more than 
corn per pound. Middlings have the 
‘ highest value for pigs when not over 
about 1 lb. per head daily is added to a 
ration of grain and a high-quality pro- 
tein supplement. 

In 20 experiments in which stand- 
ard middlings were added to a ration of 
grain and tankage for pigs in dry lot, 
the addition of middlings increased the 
rate of gain slightly. 26 On the average, 
each 100 lbs. of middlings replaced 88 
lbs. of corn and 10 lbs. of tankage. When 
middlings are added to a ration contain- 
ing alfalfa hay, grain, and a good protein 
supplement, the rate of gain is not usu- 
ally increased. 27 

For pigs on pasture, it does not pay 
to add middlings to such a ration as corn 
and tankage, unless the middlings cost 
considerably less per ton than corn. 28 
Middlings produce fair gains when fed 
to pigs on good pasture as the only sup- 
plement to grain, but it usually pays well 
to add a small amount of a more efficient 
protein supplement. 

Middlings should not be used as the 
only protein supplement to grain for pigs 
or breeding swine which are not on first- 
class pasture. On such a ration the re- 
sults will be unsatisfactory, because of 
poor quality of protein. Even when pigs 
not on pasture are fed alfalfa hay in ad- 
dition to grain, middlings are not very 
efficient as the only protein supplement. 
For example, in 3 experiments pigs fed 
middlings, alfalfa hay, and corn gained 
only 0.91 lb. a day, while others fed corn 
and tankage, with or without alfalfa hay, 
gained 1.30 lbs. 29 


When middlings are occasionally 
much lower in price per ton than corn or 
other grain, they may be used as a grain 
substitute. However, as they are a less 
concentrated feed than corn, they pro- 
duce less rapid gains and are worth only 
about 85 per cent as much as corn for 
fattening pigs. 30 

Wheat red dog and wheat flour mid- 
dlings are preferred to standard mid- 
dlings and brown shorts for young pigs, 
because of their lower fiber content. 
Wheat flour middlings are worth 12 to 18 
per cent more per ton than standard mid- 
dlings for growing and fattening pigs. 31 
Wheat red dog is probably worth slightly 
more than wheat flour middlings, be- 
cause of its greater digestibility. 

Wheat bran and wheat mixed feed 
are too bulky for growing and fattening 
pigs. They are, however, satisfactory as 
part of the ration for brood sows, and are 
especially useful, because of their bulk 
and laxative effect, when no legume hay 
is available for the sows. 

753. Wheat by-products for poul- 
try. — The wheat by-products are popu- 
lar ingredients of mashes for poultry. Be- 
cause of the popularity of high-energy 
poultry rations, wheat bran is now used 
to lesser extent than formerly, but wheat 
middlings and red dog flour, which are 
higher in net energy, are used instead. 
Including wheat feeds in the ration tends 
to produce more rapid growth and de- 
velopment and better feathering of grow- 
ing chickens. 32 Wheat feeds help supply 
B -complex vitamins, including the vita- 
mins necessary, in addition to manga- 
nese, for the prevention of perosis, or 
slipped tendon, in chickens. 83 

Wheat bran is often used in poultry 
mashes, especially for laying hens. Usu- 
ally not more than 10 per cent is in- 
cluded in a laying mash. 

Wheat standard middlings and 
wheat flour middlings are common in- 
gredients of poultry mashes, both for 
laying hens and for chicks, the amount 
usually being limited to no more than 
10 to 20 per cent of the mash. Wheat 
flour middlings are worth somewhat 
more than standard middlings, because 
of their higher net-energy content. 
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II. Barley and Its By-products 

754. Importance of barley. — Bar- 
ley, which ranks fourth in importance as 
a grain crop in the United States, is the 
most widely cultivated of the cereals 
throughout the world. The crop is espe- 
cially well adapted to regions of cool 
summers where the soil is not too sandy 
but is well drained. It is especially suited 
to sections with rather scanty rainfall and 
short growing seasons. Barley does not 
thrive in a hot, humid climate, and 
spring barleys therefore do not do well 


the older varieties. In growing barley one 
should be sure that he has a variety that 
is well adapted to his locality, for the re- 
sults from any variety differ widely in 
various sections. Where barley stripe is 
a serious disease, it is important to grow 
a resistant variety. 

Often a combination of barley and 
oats will produce a greater weight of 
grain per acre than either crop grown 
alone. The combination is therefore ex- 
tensively raised in some localities, when 
the grain is intended for stock feeding 
and not for market. 



Heads of Different Varieties of Barley and of Rye 

From left to right; 1, two-rowed barley; 2, common six-rowed barley, or so-called four- 
rowed barley; 3, true six-rowed barley; 4, California feed barley; 5, beardless barley; 6, rye. 


in the southern part of the com belt. 

Barley holds first rank in acreage 
among the cereals in California, and it is 
of much importance in the entire district 
from Minnesota westward to the Pacific 
Coast. Winter varieties of barley are less 
hardy than winter wheat and are there- 
fore not suited to cold winter climates. 
As winter barley matures before the mid- 
summer heat, it does well south of the 
area where spring barley thrives. 

The development of high-yielding 
smooth-awned varieties of barley by the 
experiment stations has removed from 
harvesting barley much of the disagree- 
ableness caused by the barbed beards of 


755. Barley as a feed. — Barley is a 
little higher than oats in protein content, 
averaging 12.7 per cent except in the 
Pacific Coast district, where the protein 
is lower. In certain areas of the northern 
Plains States and western Canada, the 
protein content of barley grown without 
irrigation is appreciably higher than in 
other districts. For malting, barley me- 
dium to low in protein is preferred, but 
for stock feeding high-protein barley 
needs less protein supplement. 

The hulls form about 15 per cent 
of the usual types of barley, the best 
grades of which weigh 46 lbs. or more 
per bushel. (The legal weight of barley 
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per bushel in most states is 48 lbs.) Be- 
cause of the hulls, common barley aver- 
ages 5.4 per cent in fiber content. 

Barley supplies considerably more 
total digestible nutrients per 100 lbs. 
than oats and slightly less than corn. 
Some of the barley varieties grown in 
the West have thicker hulls and are 
therefore lower in digestible nutrients 
and feeding value. Light-weight barley 
is worth considerably less than heavy, 
plump barley, as it contains a larger pro- 
portion of hull. 

Winter barleys and the ordinary 
spring barleys apparently have about the 
same composition and value. Hull-less 
barley resembles wheat or rye in com- 
position, as the hulls do not adhere to 
the kernels of the threshed grain. How- 
ever, the yield is considerably less 
than for the ordinary varieties of bar- 
ley. 

Barley has the same nutritive de- 
ficiencies as the other cereals, which have 
been discussed in the previous chapter. 
(680) The protein is not of good quality, 
though it is of somewhat better quality 
than that of corn. Barley lacks carotene 
and vitamin D and is low in riboflavin. 
It is rich in niacin, having about 3 times 
as much as does com. 

Barley should be ground, or 
crushed, except for sheep or when fed 
with whole grain to poultry. 

Occasionally, cattle bloat when fed 
barley as the only or the chief grain, es- 
pecially when the roughage is alfalfa hay. 
However, the trouble from this source 
is ordinarily not serious, and it can be 
avoided by mixing ground barley with 
ground corn or oats. 

Scabbed barley has no injurious ef- 
fect on cattle, sheep, or poultry, but 
should not be used for horses or swine. 
(672) 

756. Barley for dairy cattle. — 
Ground or crushed barley is an excellent 
feed for dairy cattle. When forming from 
40 per cent to as much as 60 per cent of 
the concentrate mixture for dairy cows, 
ground barley has been equal to ground 
corn in Arizona, Michigan, North 
Dakota, and Wisconsin experiments. 34 
Some farmers believe barley tends to dry 


up cows, but there is no evidence at all 
for this opinion. 

Barley should be ground to a me- 
dium fineness or crushed for dairy cat- 
tle. 35 Too fine grinding is undesirable, as 
finely ground barley may become pasty 
in the mouth and consequently unpalat- 
able. 

757. Barley for beef cattle, — In 
those sections of the western and north- 
ern states where corn does not thrive, 
barley is of great importance in beef 
production. Numerous experiments have 
shown that fattening cattle will usually 
make as rapid gains on ground barley, 
fed as the only grain, as on shelled or 
ground corn. 36 However, the cattle fed 
barley have usually sold for a trifle lower 
price. Also, when pigs follow the cattle, 
considerably more pork is produced on 
the shelled corn ration. 

Considering all these factors, 
ground barley has been worth 88 per 
cent as much as shelled corn for fatten- 
ing cattle in 14 experiments. The cost of 
grinding barley must be deducted from 
this value of ground barley, to find the 
relative value of whole barley (to be 
ground before feeding) in comparison 
with that of corn. If the cattle are not 
sold on a discriminating market and if 
no pigs follow the cattle in the feed lot, 
then ground barley will be worth as 
much per ton as shelled corn. 

Though barley usually gives en- 
tirely satisfactory results when fed as the 
only grain to fattening cattle, sometimes 
they tire of it during a long fattening 
period. Also, there is sometimes a tend- 
ency for cattle to bloat when fed barley 
as the only grain, especially with alfalfa 
hay as the roughage. In either of these 
conditions it is wise to mix corn or 
ground oats with the barley. Except in 
such instances, there is generally no ad- 
vantage in mixing oats with barley for 
fattening cattle, after they are on full 
feed, unless the cost of oats per ton is 
considerably less than that of barley. 

In a Nebraska trial ground barley 
was fully equal to ground corn for win- 
tering beef calves, and in a Texas experi- 
ment ground barley was superior to corn- 
and-cob meal for fattening cattle. 37 
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Barley should be ground medium- 
fine or rolled for beef cattle. In Arizona 
tests it was concluded that steam-rolled 
barley was slightly superior to ground 
barley, especially for cattle fattening on 
a heavy allowance of grain. 38 

Trebi barley and ordinary barley 
were about equal in value in North Da- 
kota tests. 39 Ground hull-less barley is 
about equal to ground wheat for beef 
cattle. 40 

758. Barley for sheep. — Barley is a 
very satisfactory grain for growing and 
fattening lambs and for breeding ewes, 
and it is used extensively for them north 
of the corn belt and in the range districts 
of the West. Numerous experiments have 
shown that fattening lambs fed whole 
barley will gain nearly as rapidly as those 
fed corn, but they require somewhat 
more grain and hay per 100 lbs. gain. 41 
On the average, good-quality barley has 
been worth 87 per cent as much as 
shelled corn in these experiments. Be- 
cause the rate of gain is a little less rapid 
on barley than on corn, it will usually 
take lambs fed barley 3 to 6 days longer 
to reach a certain degree of fatness. 

Although barley contains somewhat 
more protein than com, it is relatively 
low in it, and therefore the ration should 
be balanced by feeding legume hay or 
by adding a protein supplement. It is not 
generally profitable to add a supplement 
to a ration of barley and legume hay for 
fattening lambs, for the ration already 
has enough protein to produce rapid 
gains. 

Barley produces about as satisfac- 
tory results when fed as the only grain 
as when it is fed in combination with 
corn to fattening lambs. Numerous ex- 
periments have shown that for fattening 
lambs or for breeding ewes it does not 
usually pay to grind or roll barley, with 
the possible exception of the hard bald 
or hull-less barley. Fattening lambs fed 
ground or rolled barley have usually 
gained less rapidly and required slightly 
more feed per 100 lbs. gain than those 
fed the whole grain. 

759. Barley for horses and mules. 
— Barley is a very satisfactory grain for 


horses and mules when properly fed. 42 
It should be crushed or ground (not too ^ 
finely). Also, as it is much heavier than 
oats, it should be mixed with some bulky % , 
feed, such as 15 per cent or more of 
wheat bran or chopped hay, or 25 per 
cent of ground oats, to avoid danger of 
colic. Crushed or ground barley is worth 
about 10 per cent more than crushed or 
ground oats for feeding work horses, but 
whole barley is worth less per pound 
than oats, because horses do not chew 
the grain completely. 

760. Barley for swine. — Barley is 
an excellent grain for swine feeding and 
produces pork of high quality, the fat 
being hard and firm. It should be ground 
or crushed for swine. In numerous ex- 
periments ground barley, fed in properly 
balanced rations, has produced nearly as 
rapid gains as corn. However, since bar- f 

ley is less concentrated than corn, be- 
cause of the hulls, the pigs fed barley 
require somewhat more feed per 100 lbs. 
gain. On the average, ground barley of 
good quality has been worth about 91 I 

per cent as much as corn in these trials. } 

Considering the cost of grinding (which j 

is not necessary in the case of corn), I 

whole barley is worth about 81 to 85 per j 

cent as much per ton as corn for pigs. ! 

It is not necessary to mix barley with j 

other grain to secure good results in 
swine feeding. 

Since barley is richer than corn in 
protein, less protein supplement is 
needed with barley than when corn is 
fed. However, pigs that are self-fed, free- 
choice, on barley plus tankage or other 
protein supplements often eat decidedly 
more of the supplement than is needed 
to balance the ration. It is therefore best 
to mix the proper proportion of supple- 
ment with the ground barley and then 
self-feed the mixture, instead of self- 
feeding the grain and supplement sepa- 
rately. Suitable mixtures for dry lot and 
pasture feeding are shown in Appendix 
Table VII. Whether or not to feed a pro- 
tein supplement to pigs fed barley on 
first-class pasture is discussed in Chap- 
ter XXXIV. 

The value of barley for growing and 
fattening pigs is shown by the results of 
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32 experiments, in each of which one lot 
of pigs was fed good-quality barley and 
another lot corn, both lots receiving in 
addition an efficient protein supple- 
ment. 43 In this summary experiments 
have not been included where the pigs 
ate an excess of supplement when it was 
fed free-choice, or where the experi- 
menters fed considerably more supple- 
ment than was needed to balance the ra- 
tion. If just as much supplement is fed 
with barley as with corn, advantage is 
not taken of the fact that barley contains 
more protein than does corn. 

On the average, the pigs fed barley 
gained 1.50 lbs. a day, in comparison 
with 1.58 lbs. for those fed corn. For 
each 100 lbs. gain, the barley-fed pigs 
required somewhat more grain than the 
corn-fed pigs, but a trifle less supple- 
ment (most of which was tankage or meat 
scrap). In these trials 100 lbs. of ground 
barley were equal in value to 87.7 lbs. 
corn plus 2.1 lbs. tankage or tankage 
equivalent. With feed at representative 
prices, ground barley would be worth 
about 91 per cent as much as corn, so far 
as amount of feed required per 100 lbs. 
gain was concerned. In 14 similar trials 
with pigs on pasture, ground barley has 
likewise been worth about 91 per cent 
as much as corn. 44 For pigs fed for bacon 
production in Canadian experiments 
ground barley had a higher value than 
this in comparison with corn imported 
from South Africa. However, no more 
protein supplement was fed with corn 
than with barley, and the gains on the 
corn rations may have been lowered 
somewhat by a lack of protein. 45 

The saving made by grinding or 
crushing barley for growing and fatten- 
ing pigs has differed considerably in vari- 
ous tests, but in nearly all cases it paid 
to grind or crush the grain. In 29 experi- 
ments grinding barley has increased its 
value 18 per cent on the average. 46 It is 
best to grind barley to at least a medium 
degree of fineness, instead of merely 
cracking it. Very fine grinding does not 
probably cause sufficient additional in- 
crease in value to warrant the greater 
cost. The pelleting of ground barley is 
discussed in Chapter XXXIV. (1437) 


When barley cannot conveniently 
be ground, it is often soaked for 12 hours 
or more before feeding it, but this is a 
poor substitute. Soaking the grain may 
produce somewhat more rapid gains, but 
usually there is little or no saving in the 
feed required per 100 lbs. gain. 47 

Light-weight barley is worth less 
than plump, heavy barley, because of the 
larger proportion of hulls. 48 Trebi barley 
and the Manchurian varieties have about 
the same value for swine feeding. 49 Hull- 
less barley resembles wheat in feeding 
value. 50 Barley that is badly affected with 
scab is unsuited for swine. (672) 

761. Barley for poultry. — Barley 
can be substituted for corn or wheat in 
poultry feeding with satisfactory results, 
but its value per 100 lbs. is somewhat 
lower, because of the higher fiber con- 
tent. In a California trial with pullets 
the egg production was as high on an all- 
mash ration containing 68 per cent 
ground barley as with the same percent- 
age of ground corn, and about the same 
amount of feed was required per dozen 
eggs. 51 However, the pullets did not gain 
as much in weight on the barley ration. 
In Arizona tests appreciably more feed 
was required per dozen eggs on a ration 
having 40 per cent barley than on a simi- 
lar ration with corn. 52 Fraps of the Texas 
Station rated barley as having 75 per 
cent as high a net-energy value as No. 2 
corn for chicks. 58 

Since barley lacks vitamin A value, 
care must be taken to provide a plentiful 
supply of the vitamin when barley is 
used to replace yellow corn. Barley pro- 
duces lighter-colored yolks of eggs than 
corn and also lighter-colored shanks, 
skin, and body fat. 

Barley is generally rated as being 
somewhat less palatable than wheat or 
corn to poultry, but they soon become 
accustomed to it. When barley is in- 
cluded in the mash it should be ground 
finely. 

Because of the hulls, the growth of 
chicks is decreased if more than 30 per 
cent of ground barley is used in a chick 
starter and more than about 15 per cent 
in a ration for broilers. 54 Including a 
large proportion of ground barley in the 
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mash for baby chicks may cause compac- 
tion in the intestines and death losses. 

762. Brewery by-products. — In pro- 
ducing beer, the barley is first malted 
by soaking it in warm water for 2 to 3 
days, and then removing it from the 
water and allowing it to sprout. In this 
process the amount of diastase, an en- 
zyme that changes starch to malt sugar, 
increases greatly and some of the starch 
in the grain is changed to sugar. After 
sprouting sufficiently, the grain is dried 
and the small, shriveled roots are sepa- 
rated from the grains. These roots form 
the feed known as malt sprouts. The re- 
mainder, consisting of the germinated 
kernels, forms malt. 

The malt is now crushed, water is 
added, and the mass is kept at the proper 
temperature for the diastase to change 
the starch to sugar. Often other grain is 
added after it has been cooked to gela- 
tinize the starch. When most of the 
starch has been converted into sugar, the 
sugar and other soluble matter are ex- 
tracted to form “wort.” This is boiled 
with hops and filtered, and then yeast is 
added and the fermentation proceeds. 

The residue left after the wort is ex- 
tracted is called wet brewers * grains. 
These are usually dried and sold as 
brewers ’ dried grains or dried brewers ’ 
grains. The spent hops, after drying, are 
sometimes used in mixed feeds, but have 
only a low feeding value. The yeast that 
develops in the fermentation process is 
sometimes recovered, dried, and sold as 
brewers * dried yeast. (957) 

763. Brewers* dried grains. — Brew- 
ers* dried grains, often called merely 
“brewers* grains,** contain an average of 
27.5 per cent protein, 6.5 per cent fat, 
14.2 per cent fiber, and 41.1 per cent 
nitrogen-free extract. The nitrogen-free 
extract is largely pentosans, for most of 
the starch is removed during the malt- 
ing and extracting process. 

Brewers* grains furnish 22.0 per 
cent digestible protein, but they are 
rather low in total digestible nutrients, 
having only 67.1 per cent. They equal 
corn gluten feed in content of digestible 
protein but supply considerably less total 
digestible nutrients. Brewers* grains 


have decidedly more digestible protein 
than does wheat bran and equal bran in 
total digestible nutrients. 

Brewers* grains are not very palata- 
ble to stock, and therefore they should 
be mixed with better-liked feeds. They 
are nearly as bulky as wheat bran, and 
they keep fairly well in storage. 

Brewers* grains are fed chiefly to 
dairy cattle, especially dairy cows, and 
produce good results when forming not 
over about one-third of a concentrate 
mixture which consists mostly of well- 
liked feeds. Because of their high fat 
content, they help to supply the amount 
of fat that is desirable in dairy rations. 
( 1020 ) 

Except when protein supplements 
cost no more than carbohydrate-rich 
feeds, brewers* grains are worth some- 
what more than wheat bran for dairy 
cows, because of their higher protein 
content. 55 On the other hand, they are 
less valuable than corn gluten feed. In a 
Pennsylvania test, brewers* grains con- 
taining not more than 6 per cent of spent 
hops were practically equal in palata- 
bility and value for dairy cows to 
brewers* grains containing no spent 
hops. 56 

In addition to the use of brewers* 
grains as a protein supplement, they may 
be used to replace part of the grain in 
rations for dairy cattle, beef cattle, sheep, 
and horses, if they are decidedly lower 
in price per ton than grain. Fattening 
lambs fed a mixture of one-third brewers* 
grains and two-thirds shelled corn in 3 
New York trials gained as rapidly as 
others fed corn supplemented with a 
mixture of linseed meal and cottonseed 
meal. 57 The brewers* grains saved suffi- 
cient corn and supplement to be worth 
about 98 per cent as much as shelled 
corn. When only enough brewers* grains 
were fed, along with com, to balance the 
ration, the results were also excellent, 
and the brewers* grains were worth 
about three-fourths as much as the mix- 
ture of linseed and cottonseed meal. 

In an Illinois test, when fattening 
calves were fed 3.0 lbs. of dried brewers* 
grains per head daily as a substitute for 
all the soybean oil meal and some of the 


THE OTHER CEREALS AND BY-PRODUCTS 


corn in a ration, the gains were slightly 
reduced. r,s In this test brewers grains, 
thus fed, were worth only 55 per cent as 
, much as corn. 

Brewers' grains are sometimes an 
economical substitute for part of the oats 
in horse feeding, being about equal to 
oats per pound. 59 Because of their bulki- 
ness, brewers' grains are not usually fed 
to swine. Even 20 per cent of brewers' 
grains in the ration for pigs has not given 
good results. 60 

764. Wet brewers’ grains. — Because of 
their watery, perishable nature, wet brewers’ 
grains are usually fed near the brewery. 
They are commonly sold by the bushel, as 
the Value per ton varies widely, depending 
on how well the water has drained out. A 
bushel of wet grains is equal to about 11 to 
13 lbs. of the dried grains. In general, it will 
take nearly 4 lbs. of the wet grains to equal 
1 lb. of dried grains. 

To avoid spoilage it may be necessary 
to haul the wet grains from the brewery 
every day or two in summer and twice a 
week when cooler. They may be kept longer 
by storing in tight barrels, tanks, or pits. 
Each layer should be tramped thoroughly 
and sprinkled with salt at the rate of about 
1 lb. per 100 lbs. In feeding the wet grains, 
the mangers and containers should be kept 
clean and free from any spoiled material. 

Wet brewers’ grains may be fed to dairy 
cows at the rate of 20 to 30 lbs. per head 
daily to replace an equal weight of silage, 
or as a substitute for part of the concentrates 
(at the rate of 4 lbs. of the wet grains for 
1 lb. of the concentrate mixture). To avoid 
any tainting of the milk, they should be fed 
after milking, rather than before, and they 
should not be stored in the stable. The wet 
grains may also be fed to other classes of 
stock, as in the case of the dried grains. 

765. Malt sprouts. — Malt sprouts are 
similar in composition to brewers’ dried 
grains, except that they have much less fat. 
They are about as bulky as brewers’ dried 
grains, and they supply slightly more total 
digestible nutrients. Malt sprouts are some- 
what bitter and are unpalatable if fed alone. 
Doubtless for this reason, they are used 
mostly as an ingredient in mixed feeds, es- 
pecially for dairy cattle. They are entirely 
satisfactory for this purpose when used in 
moderate amounts and are often an econom- 
ical source of protein and total digestible 
nutrients. Malt sprouts are often included 
with the brewers’ dried grains, and the mix- 


ture sold as brewers’ dried grains. The malt 
sprouts will form only about one-tenth of 
such a mixture. 

Because of the lack of palatability, it is 
preferable not to include more than about 10 
to 15 per cent of malt sprouts in a concen- 
trate mixture for dairy cows or other stock. 
Feeding too large an amount to dairy cows 
is said to give the milk a bitter taste. Since 
malt sprouts swell greatly when they absorb 
water, they should be soaked for several 
hours before feeding, if cattle or horses are 
given more than 2 lbs. per head daily. 

In Europe horses are sometimes fed as 
much as 6 lbs. of malt sprouts per head 
daily; cattle, 3 lbs.; and sheep, 0.75 lb. 

In recent Canadian trials including malt 
sprouts in a ration for growing pigs increased 
the rate of gain and decreased the amount of 
feed required per 100 lbs. gain. 61 

766. Spent hops. — The spent hops, left 
after the wort has been boiled with hops 
and filtered, are sometimes dried and used 
for feed or for fertilizer. They contain not 
only the hop residue, but also some protein 
precipitated from the wort in the boiling 
process. Though they have 20 per cent of 
protein or more, the digestibility of the ma- 
terial is so low that the product is of doubt- 
ful value as a feed. 62 Also, the spent hops 
are bitter and unpalatable to stock and there- 
fore only a small proportion can be included 
in a mixture of better-liked feeds. 

767. Barley feed; barley mixed feed; 
barley hulls. — In the manufacture of pearled 
barley for human food, barley feed is secured 
as a by-product. This consists of the hulls 
and the outer coats of the kernels. A by- 
product called barley mixed feed, which has 
about the same composition, is secured when 
barley flour is manufactured. This should 
contain not only the hulls but also all the 
middlings from the kernels. Usually there is 
but a very small amount of these feeds avail- 
able in this country. A good grade of barley 
feed, containing 11 per cent fiber, was worth 
nearly as much as wheat bran for dairy cows 
in a Wisconsin trial. 63 For fattening pigs, 
barley feed was worth 17 per cent less per 
ton than ground barley. 

Barley hulls, sometimes erroneously 
called barley bran, consist almost entirely 
of the hulls. Barley bran containing 27 per 
cent fiber was worth only two-thirds as much 
per ton for dairy cows as wheat bran in an- 
other Wisconsin trial. 

768. Malted barley. — It was once be- 
lieved that the malting of barley increased its 
value for feeding. Early experiments showed. 
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however, that a given weight of barley is 
worth more than the amount of malt and 
malt sprouts that can be made from it. 64 
This is because of the loss of nutrients in 
the steep water and in the oxidation of nu- 
trients in the germinating process. The use 
of malt for stock feeding has therefore been 
practically discontinued, except that malted 
barley is occasionally used in calf meals or 
as an appetizer in fitting stock for show. 

III. Rye and Its By-Products 

769. Rye in the United States.— 

Though rye (Secale cereale ) is one of the 
chief cereals of northern Europe, it is not 
grown extensively in this country, except in 
the northern plains. Though it repays good 
treatment, rye does better than the other 
cereals on poor or very sandy land. 

Practically all the rye grown in the 
United States is winter rye, which is even 
more winter-hardy than wheat. In tests in 
certain districts of the northernmost states, 
winter rye has led the cereals in average 
weight of grain produced per acre, even on 
good soil. 

As a winter cover and pasture crop, rye 
is often grown in certain sections of the 
South and to a lesser extent in other districts. 
Its value for pasture during the fall, winter, 
and early spring has been discussed in 
Chapter XVIII. (583) 

770. Rye for stock feeding.— Rye grain 
is raised chiefly for bread-making in Europe 
and is also used largely for this purpose in 
this country. However, a considerable part 
of our crop is fed to livestock. 

Considering only its chemical composi- 
tion, we should expect rye to equal wheat in 
feeding value, for the composition of these 
grains is very similar. However, even when 
rye is not appreciably contaminated with 
ergot, it is usually less palatable to stock 
than the other grains. Also, when fed as the 
only concentrate or in too large amounts, it 
is more apt to cause digestive disturbances. 

Rye should therefore be fed with due 
care and preferably as only part of the con- 
centrates. The grain should not be fed until 
it has conditioned, or passed through the 
“sweat” when stored after threshing. Rye that 
is appreciably contaminated with ergot is 
unpalatable to stock, and it may even be 
dangerous if it contains too much of this 
poisonous substance. 

Rye is nearly as heavy a grain as wheat, 
the weight per bushel being about 56 lbs. 

For dairy cows rye had best form not 
more than 40 to 45 per cent of the concen- 
trate mixture. Thus fed, ground rye has been 


equal or nearly equal to ground barley or 
ground corn. 65 Large allowances produce a 
hard, dry butter, but the butter was satisfac- 
tory in a Montana trial when rye formed 40 
per cent of the concentrate mixture. 66 Rye 
should be ground, not too finely, or crushed, 
for dairy cows. 

Though ground rye has given good re- 
sults in some trials when fed as the only 
grain to fattening cattle, it is preferable to 
mix it with corn, oats, or barley. Steers fed 
ground rye and alfalfa hay in 4 experiments 
gained nearly as rapidly as others fed shelled 
corn and alfalfa hay. 67 On the basis of the 
amount of feed for 100 lbs. gain, rye was 
fully equal to corn. Like wheat, rye should 
be ground coarsely or rolled for beef 
cattle. 

Rye is apparently liked better by sheep 
than by most other stock. When fed as the 
only grain to fattening lambs, it has pro- 
duced as good results as barley or wheat in 
Minnesota and Nebraska tests. 68 Feeding rye 
as the only grain gave about as good results 
as using a mixture of half rye and half bar- 
ley, corn, or oats. There is no advantage in 
grinding rve for sheep. 

Rye is apt to cause digestive disturb- 
ances if fed as the only grain to horses, or 
if the change to rye is made abruptly. It 
is satisfactory for horse feeding when it 
forms not more than about one-third of the 
concentrate mixture and if mixed with oats 
or some other bulky feed. Rye should be 
crushed or ground coarsely for horses. 

The results secured from rye in swine 
feeding differ widely. 69 Sometimes pigs make 
good gains when fed ground rye as the chief 
grain, but often rye "produces poor results, 
especially with young pigs, when it forms 
most of the ration. When pigs do well on rye, 
the feeding value of rye is about equal to 
that of barley, and the quality of the car- 
casses is good. 

Because of the poor results that are 
often secured when rye is fed as the only 
grain, it had best be mixed with at least 
an equal weight and preferably a larger pro- 
portion of other grain, such as corn, barley, 
oats, or wheat. Rye gives more uniformly 
good results when fed to pigs on pasture 
than to those in dry lot. Adding well-cured 
alfalfa hay to the ration of rye-fed pigs in 
dry lot is beneficial. A protein supplement 
should be fed to balance the ration when rye 
is the chief grain, except perhaps for pigs 
on good pasture which are over 75 to 100 
lbs. in weight. Unless the cost of grinding is 
unusually high, it pays to grind rye for swine. 
Rye should be avoided in feeding pregnant 
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The unsatisfactory results sometimes re- 
ported with rye for swine feeding may have 
been due in some cases to ergot in the rye. 
However, poor results have been secured 
* even when rye contained no appreciable 
amount of ergot. Swine have a pronounced 
dislike for rye that has any marked amount 
of ergot and eat much less of it than they 
would otherwise. 

Rye is not commonly fed to poultry, as 
the other grains are more palatable and oth- 
erwise superior. Also, rye is too laxative 
when it forms a large part of the ration. 
However, rye is usually satisfactory for grow- 
ing pullets and laying hens if it forms not 
more than about 20 per cent of the ration. 70 
It is best to include the rye in ground form 
in the mash, because whole rye is not palata- 
ble to chickens. 

Rye should not be used for chicks dur- 
ing the first week. After this, 5 per cent of 
ground rye can be included in the mash, and 
the proportion increased gradually up to 20 
per cent by the seventh week. If much rye 
is fed to chicks, the droppings become so 
sticky that they ball up on the toes. 

771. Rye feed; rye middlings. — All the 
by-products obtained in the milling of rye 
for flour are usually combined and sold as 
rye feed or sometimes as rye middlings , in- 
stead of being marketed separately as bran, 
middlings, and red dog flour. Apparently, 
there is little difference between the feeds 
now sold in this country as rye feed and as 
rye middlings. 

These rye by-products are lower than 
standard wheat middlings in protein. They 
furnish slightly less total digestible nutrients 
than do standard wheat middlings, but some- 
what more than wheat bran. They are, how- 
ever, less palatable than wheat bran, and 
hence should be mixed with better-liked 
feeds. For dairy cows, beef cattle, sheep, or 
swine these rye by-products are a satisfactory 
partial substitute for wheat bran or wheat 
middlings, but the amount had best be lim- 
ited to 15 to 25 per cent of the concentrate 
mixture. They can also be used to the extent 
of about 20 per cent in mashes for pullets 
or hens. 

IV. The Sorghums 

772. Grain sorghums. — It has al- 
ready been pointed out in Chapter XVII 
that in the Plains States from southern 
Nebraska south to Texas, New Mexico, 
and Arizona, the sorghums ( Sorghum 
vulgar e) are of great value for grain and 
also forage. In the portions of this great 


area where the rainfall is scanty, they 
largely take the place of corn, because 
they are much more drouth resistant. 
The various types of the sorghums, both 
the grain sorghums and the sweet sor- 
ghums, have been previously described, 
and their special advantages for grain or 
for forage pointed out. (543) 

As stated previously, the sorghums 
now grown for grain in the sorghum belt 
are mostly dwarf combine varieties, 
which can readily be harvested with a 
combine. Most of these dwarf varieties 
were developed by crossing milo with 
kafir or other taller grain sorghums. Kafir 
and hegari are also raised for grain to 
some extent, and sometimes other grain 
sorghums are grown. 

Atlas and certain other crosses be- 
tween grain sorghum and sweet sorghum 
are used both for forage and for grain. 

Throughout the western portion of 
the sorghum belt, the grain sorghums are 
much surer crops than com, because of 
their drouth -resistance. Here they usually 
give decidedly higher yields than corn. 
In central and eastern Kansas and Okla- 
homa, the sorghums are superior to corn 
on poor, thin uplands. Even on the better 
land in the eastern part of the grain-sor- 
ghum belt, it is advisable to use the sor- 
ghums as a partial substitute for com, as 
insurance against drouth. 

The average yield of the grain sor- 
ghums in the United States during re- 
cent years has ranged from more than 20 
bushels per acre to 11 bushels, depend- 
ing on the rainfall. Yields of 50 bushels 
or more per acre are sometimes secured 
under very favorable conditions. 

Very recently, hybrid grain sor- 
ghums have been developed from inbred 
strains, somewhat similar to the produc- 
tion of hybrid corn. These new hybrids 
seem to excel in yield of grain. 

The customary basis for selling the 
seed of the grain sorghums is by the 
56-lb. bushel, but the usual weight is 
about 54 lbs. Grain sorghum heads com- 
monly yield from 70 to 75 per cent of 
grain on threshing, and it requires 75 to 
80 lbs. of sorghum heads to make a 
bushel of threshed grain. Although the 
percentage of grain in the entire crop 
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varies widely with the season and the 
thickness of the stand, about 30 per cent 
of the weight of well-cured grain sor- 
ghum plants will be grain, on the aver- 
age. In the case of the dwarf varieties, 
over half the dry weight may be grain. 

When cut for grain, sorghum should 
not be harvested until the seeds are well 
matured. Because the hard-coated seeds 
when apparently dry may contain much 
moisture, the grain sorghums are espe- 
cially apt to heat in the bin, unless the 
grain is well dried. 


sorghums are deficient in carotene. Sor- 
ghum grain has about the same content 
of B-complex vitamins as corn, but it has 
much more niacin, being as rich as 
wheat. 

When properly supplemented, the 
grain sorghums are excellent for all 
classes of farm animals. They are well 
liked by stock, though they are some- 
times slightly less palatable than corn. 
The seeds of darso, shrock, and sagrain, 
which are hybrids between grain sor- 
ghums and sweet sorghums, are some- 



A Fine Field of Kafir 

Because of their resistance to drouth, the grain sorghums are of great importance in 
regions of low rainfall. 


773. Grain sorghums as feeds. — 
The grain sorghums resemble corn grain 
in composition and in feeding value. Like 
corn, they contain about 70 per cent ni- 
trogen-free extract, which is nearly all 
starch, and they are low in fiber and rich 
in total digestible nutrients. Most of the 
grain sorghums have somewhat more 
protein than does com, but they have 
considerably less fat. 

The grain sorghums have the same 
nutritive deficiencies as the other grains. 
The protein is not of good quality; they 
are very low in calcium, and they lack 
vitamin D. Even the yellow-seeded grain 


what bitter, due to a high content of tan- 
nin. Nevertheless, they give good results 
when fed to stock. 

The seeds of grain sorghums are so 
small that the grain should be ground for 
cattle or horses. Otherwise, a consider- 
able percentage will escape mastication. 
The ground grain is usually called 
“chop.” Grinding for sheep is not neces- 
sary, and there is but a small saving in 
grinding grain sorghum for swine when 
the grain is fed in a self-feeder on a suit- 
able platform. 

Sometimes the unthreshed heads are 
fed, or the forage, including the heads. 
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Sorghum head chops, obtained by grind- 
ing the entire heads, resembles com-and- 
cob-meal in composition and value. 

' 774. Grain sorghum for dairy cat- 

tle. — Ground grain sorghum is approxi- 
mately equal to ground corn for dairy 
cattle. 71 The ground threshed grain may 
be fed, or else the entire heads may be 
ground. Kansas tests show that when 
whole sorghum grain is fed to cows, one- 
half or more of the seed may pass 
through unchewed and hence undi- 
gested. 72 

775. Grain sorghums for beef cat- 
tle. — In the sorghum belt the grain sor- 
ghums largely take the place of corn for 
beef cattle. Grain sorghum is well liked 
by fattening cattle, produces nearly as 
rapid gains as does corn, and is not far 
below corn in feeding value. Grain sor- 
ghum is usually fed to beef cattle either 
as the ground threshed grain, or as sor- 
ghum head chops. 

Several experiments have shown 
that for beef cattle ground grain sorghum 
is usually worth about 90 to 95 per cent 
as much as corn. The different varieties 
of grain sorghum now generally grown 
do not differ much in feeding value, 
though the value of milo and the milo- 
like hybrids is apparently slightly higher 
than that of kafir or Early Kalo, and ap- 
preciably above that of darso. 73 

In Kansas trials with fattening cat- 
tle grain sorghum ground to a coarse, 
mealy texture was utilized slightly bet- 
ter than that ground very coarsely. 74 
Rolled sorghum grain was not superior 
to the ground grain. In 3 Texas experi- 
ments with fattening calves, the com- 
bined gains of the calves and the pigs 
following them were fully as large when 
unground milo was fed, as when the 
grain was ground. 75 This may have been 
because the seeds of milo are larger than 
those of some of the other sorghums. 

Sorghum head chops are about 
equal to ground snapped corn (includ- 
ing husks) in value for fattening cattle 
and produce nearly as rapid gains as 
ground threshed sorghum. 76 If one 
wishes to have the cattle gain as rapidly 
as possible, it may be best to change to 


ground threshed sorghum during the 
latter part of the fattening period. 

In Texas experiments there was a 
greater tendency for urinary calculi to 
develop in steers fed milo head chops 
than when fed ground threshed milo. 77 

776. Grain sorghums for sheep. — 
Experiments have shown that the 
threshed grains of the various grain sor- 
ghums are about equal to shelled corn 
in feeding value for fattening lambs. 78 
Also, there has been no appreciable dif- 
ference in the value of the different kinds 
of grain sorghum. 

In most of the experiments on grind- 
ing grain sorghum for sheep, such prep- 
aration has not paid. 79 However, in re- 
cent Kansas and Texas trials there has 
been a slight benefit in grinding or roll- 
ing milo or other combine-type grain sor- 
ghums for fattening lambs. 80 

Unthreshed sorghum heads have 
proved equal to the threshed grain in 
feeding value, considering the actual 
amount of grain contained, and have pro- 
duced practically as rapid gains on fat- 
tening lambs. 81 In wet weather there 
may, however, be considerable waste in 
feeding the unthreshed heads outdoors. 

It was concluded in Kansas tests 
that lambing down a field of ripe grain 
sorghum is a wasteful practice, if the 
yield of grain is sufficient to warrant har- 
vesting it. 82 In South Dakota trials, grain 
sorghums did not produce as much gain 
per acre when lambed down as did 
corn. 83 

777. Grain sorghums for horses and 
mules. — In the regions where they flour- 
ish, the grain sorghums are used exten- 
sively for feeding horses and mules, and 
are only slightly less valuable than corn. 
Sorghum grain should be ground or 
crushed for horses or mules, and if pos- 
sible mixed with wheat bran or mid- 
dlings, for it tends to produce constipa- 
tion. The grain sorghums may also be 
fed unthreshed in the heads, or along 
with the forage. 

778. Grain sorghums for swine. — 
The grain sorghums are excellent for 
swine and nearly equal corn in feeding 
value, both for fattening pigs and for 
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breeding stock. The pork produced by 
feeding the grain sorghums is equal to 
that from corn in quality. Numerous ex- 
periments have shown that the chief 
varieties of grain sorghum produce about 
as rapid gains as corn and the feeding 
values are about 90 to 95 per cent of that 
of corn. 84 Sweet sorghum seed and some 
hybrids which are high in tannin con- 
tent are less palatable and have less 
value. 

In using grain sorghum as a substi- 
tute for yellow corn in swine feeding, it 
must be borne in mind that sorghum 
grain does not supply carotene (vitamin 
A value). Also, milo has even less lysine 
than does corn. This lack is corrected 
when it is fed with such protein supple- 
ments as soybean oil meal, meat scrap, 
tankage, or fish meal, which have good 
supplies of this essential amino acid. 85 

Since grain sorghum has the same 
nutritive deficiencies as the other small 
grains and also white corn, brood sows 
are unable to produce thrifty pigs when 
fed grain sorghum alone, without a 
proper supply of protein, minerals and 
vitamins. 86 

The sorghums should be threshed 
for swine, instead of being fed in the 
head. 87 Grinding the heads is a disad- 
vantage, as it forces the swine to eat the 
fibrous stems of the heads. Also, soaking 
the heads is inadvisable. 

When growing and fattening pigs 
are self -fed, grinding grain sorghum does 
not usually increase its value enough to 
justify the expense. 88 On the other hand, 
when the grain is hand-fed the pigs are 
in such haste to get their shares that they 
do not chew it so thoroughly. Therefore, 
grinding the grain is then usually advis- 
able. There is no advantage in soaking 
either whole or ground grain sorghum 
for swine. 

Sometimes ripe grain sorghum is 
hogged down by turning fattening pigs 
into the field to harvest the crop. The 
same methods should be followed as in 
hogging down corn. 89 (704) It may be 
necessary to restrict the area in which 



the pigs are feeding, by temporary fenc- 
ing to get them to clean the grain up 
properly. 


779. Grain sorghums for poultry. — 
The grain sorghums are nearly equal to 
corn per pound for poultry, when used 
in well-balanced rations. When grain sor- « 
ghum replaces yellow corn in poultry 
feeding, care must be taken to furnish 
plenty of vitamin A value in the other 
feeds. Also, a large proportion of grain 
sorghum in a broiler ration will produce 
white skinned and shanked birds, unless 
enough alfalfa meal or corn gluten meal 
is included to give the desired yellow 
color. 

Ground grain sorghum can be used 
in poultry mashes in the same manner as 
ground corn, and the whole grain can be 
fed as part of the scratch grain. There 
are apparently no marked differences in 
the values of the various grain sorghums 
for poultry, except that the varieties with 
white or yellow seeds seem to be more 
palatable to them. In most of the experi- 
ments in which milo, kafir, hegari, and 
kalo have been fed to chicks or laying 
hens as part of a well-balanced ration, 
these grain sorghums have been nearly 
equal to corn in value. 90 

780. Sorghum gluten meal; sor- 
ghum gluten feed. — Starch is produced 
from grain sorghum in a process similar 
to that used for corn starch. The by- 
products, sorghum gluten meal and sor- 
ghum gluten feed resemble corn gluten 
meal and corn gluten feed in composi- 
tion, except that the sorghum feeds have 
somewhat more fat. They are not very 
palatable to stock and should therefore 
be mixed with well-liked feeds. 

The Texas Station has conducted 
several experiments to find the value of 
these sorghum feeds for various kinds of 
stock. 91 Sorghum gluten meal was nearly 
equal to cottonseed meal as the protein 
supplement for dairy cows and equal to 
cottonseed meal for fattening cattle. For 
fattening lambs it equalled cottonseed 
meal with legume roughage, but was 
worth only 85 per cent as much with 
non-legume roughage. For pigs it was 
satisfactory as 30 per cent of the protein 
supplemental mixture, when combined 
with feeds that had protein of better 
quality. For poultry it could be used 
much like corn gluten meal. 
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Sorgum gluten feed may be used in 
rations for cattle or sheep in the same 
manner as corn gluten feed, except that, 
\because of its low palatability, it had 
best not form more than about one-third 
of the concentrate mixture. 

781. Sweet sorghum seed. — The seed 
of the sweet sorghums, or sorgos, contains 
considerable tannin, which makes it bitter 
and astringent. Its feeding value apparently 
differs considerably for the various kinds of' 
stock. 

While sweet sorghum seed has been 
said to have a tendency to dry up dairy cows, 
ground sweet sorghum seed gave as good 
results as ground corn in Kansas tests, when 
forming more than half of the concentrate 
mixture. 92 Ground sorghum heads also were 
satisfactory, when making up two-thirds of 
the concentrates. 

In experiments with fattening cattle and 
lambs, however, ground sweet sorghum seed 
has often been decidedly inferior to grain 
sorghum and not worth more than two-thirds 
as much as corn. 93 Likewise, when fed to 
pigs in 6 tests, ground sweet sorghum seed 
has produced much less rapid gains than 
grain sorghum, and has been worth only 
about 68 per cent as much as corn. 94 Due 
to the small size of the seeds, sweet sorghum 
grain should be ground for all classes of 
stock except sheep. 

782. Broom com seed. — In harvesting 
broom corn, which is one of the sorghums, 
the heads are cut before the seed has fully 
matured, and the seed is removed from the 
brush before it is thoroughly dry. This seed 
has considerable feeding value and may be 
saved by drying or ensiling. In an Oklahoma 
test with fattening pigs, ground broom corn 
seed gave better results when forming one- 
fourth of the ration than when forming one- 
half. 95 Thus fed, it was worth 60 per cent as 
much as corn. 

V. Rice and Its By-products 

783. Rice; rough rice; chicken-feed rice. 
— Rice ( Oryza sativa ) is one of the most im- 
portant cereal crops of the world and forms 
a large part of the food of Oriental peoples. 
In this country rice production is important 
only in Louisiana, Texas, Arkansas, and Cali- 
fornia. Rice is used almost entirely for hu- 
man food and is fed to stock only when off- 
grade or unusually low in price. 

The rice kernels are very hard and 
are enclosed in hard hulls, which have 
sharp ridges with tooth-like projections. The 


threshed grain, called rough rice, or paddy 
rice, is nearly as high as oats in fiber and is 
even lower than corn in protein. Rough rice 
may be used as a substitute for other grain 
in stock feeding. It has the common merits 
of the cereals as a feed and also the same 
general deficiencies, including a lack of caro- 
tene. Because of the hardness of the kernels, 
it should always be ground, except perhaps 
for poultry. The grinding should be fine 
enough to reduce the hulls to a meal. 

For dairy cows and work horses or 
mules, ground rice has been about equal to 
ground corn. 96 In 4 experiments with fatten- 
ing cattle, it produced somewhat less rapid 
gains than corn and was worth only about 
81 per cent as much. 97 Similarly, in 4 ex- 
periments with fattening pigs, ground rough 
rice was worth about 84 per cent as much 
as corn. 98 It produces firm pork of good 
quality. 

The value for fattening lambs has been 
lower than for other stock, ranging from 55 
to 76 per cent of that of corn, when fed as 
the only grain. 99 

For laying hens, in rations containing 
adequate vitamin A from other sources, 
whole rough rice was satisfactory as 75 per 
cent of the scratch grain, and in an all-mash 
ration ground rough rice was a good substi- 
tute for ground com as 35 per cent of the 
mash. 100 

784. Rice bran. — Rice bran consists of 
the rice bran and germs removed in milling 
rice for human food, and it should contain 
only such quantities of hull fragments as are 
unavoidable in the regular milling process. 
Rice bran of good quality averages 12.4 per 
cent in protein and 13.6 per cent in fat, with 
11.6 per cent fiber. It is similar to oats 
and wheat in protein content, and decidedly 
lower than wheat bran or middlings. Rice 
bran supplies protein of considerably better 
quality than corn. It is rich in thiamine and 
very high in niacin. 

Rice bran is fairly palatable when fresh, 
but it often turns rancid in storage, because 
of the high oil content. Thorough heating 
and drying at the mill improve the keeping 
quality. Recently, some solvent-extracted rice 
bran, low in fat, has been produced, which 
keeps well. Rice bran varies considerably in 
fiber content, depending on the proportion of 
hulls present, and sometimes it is adulterated 
with hulls. In purchasing rice bran, it is saf- 
est to buy it only on strict guarantee of com- 
position, and also from a sample that has 
been examined for rancidity. 

Rice bran is fed chiefly to dairy cattle. 
When forming not more than one-third the 
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concentrate mixture for dairy cows, it has 
been approximately equal to wheat bran 
and worth about 75 to 80 per cent as much 
as ground corn or milo grain. 101 Too large a 
proportion of rice bran causes soft butter. 

Rice bran may also be used in place of 
part of the grain for beef cattle or sheep. Its 
value is two-thirds to three-fourths that of 
corn, when used as one-third the concen- 
trates. 102 

Rice bran has given good results in 
swine feeding when forming not more than 
25 to 30 per cent of the ration. 103 When 
thus fed, it has been usually worth fully as 
much as corn, and sometimes even more. 
Used in place of wheat standard middlings 
or wheat shorts, it is worth nearly as much 
per pound as these feeds. 

When rice bran forms a larger part of 
the ration, it tends to produce soft pork, 
unless it is solvent-extracted rice bran. When 
rice bran makes up more than about 30 per 
cent of the ration for pigs, the rice bran is 
worth only about 86 per cent as much as 
corn. Too large a proportion of rice bran is 
also apt to cause serious scouring of pigs 
under 75 lbs. in weight. 

Rice bran can be used in place of wheat 
bran or wheat middlings in poultry feeding, 
if the ration does not include rough rice 
as well. 104 

785. Rice polishings, or rice polish. — 
Rice polishings, also called “rice polish” are 
the finely powdered material obtained in 
polishing the rice kernels, after the hulls and 
bran have been removed. They contain as 
much protein and nearly as much fat as rice 
bran, have only 2.7 per cent fiber, and supply 
fully as much total digestible nutrients as 
corn. Rice polishings are rich in thiamine 
and especially high in niacin. Though not 
rich in riboflavin, the content is somewhat 
higher than in the whole cereal grains. They 
tend to become rancid in storage, like rice 
bran, and should therefore be fed when as 
fresh as possible. 

Rice polishings are satisfactory as part 
of the concentrate mixture for dairy cattle, 
beef cattle, and sheep. In Arkansas trials 
they were equal to ground corn for dairy 
cows when forming one-fourth of the con- 
centrate mixture, but when as much as this 
was fed soft butter was produced. 105 For 
fattening cattle rice polishings were worth 
only 88 per cent as much as corn in 3 
Louisiana tests. 106 

Rice polishings have the highest value 
in swine feeding. Though they have some of 
the same limitations as rice bran as a swine 
feed, they have been worth 121 per cent 


as much as corn when used to replace one- 
third of the corn for pigs, and 112 per cent 
as much as corn when forming a larger part 
of the ration. 107 

Rice polishings tend to produce soft 
pork, especially when forming more than 
one-half of the ration for fattening pigs. 
They are also apt to cause serious scours if 
too much is fed to pigs under about 75 to 
80 lbs. in weight. Rice polishings are entirely 
satisfactory as part of the ration for brood 
.sows and litters. If the pigs are then grown 
and finished on non-softening feeds, their 
carcasses will not be soft. 

786. Brewers’ rice; rice meal. — Brewers * 
rice consists of the small pieces of broken 
kernels that are removed from the whole 
kernels in the milling process. It is used 
chiefly in the brewing industry, but is some- 
times fed to stock. Brewers’ rice furnishes 
about as much total digestible nutrients per 
100 lbs. as the grain sorghums or barley. As 
it may be less palatable than grain, it is best 
to mix it with well-liked feeds. In 22 ex- 
periments with fattening pigs, brewers’ rice 
has been worth about 6 per cent more than 
corn, 10S but in one test with fattening cattle, 
it was not ' quite equal to corn. 109 Brewers’ 
rice produces hard pork of good quality. 

Rice meal , according to the definition 
of the Association of American Feed Con- 
trol Officials, should be ground brown rice 
(ground rice after the hull has been re- 
moved). 18 The term is, however, used some- 
times for entire ground rice, including the 
hulls. Rice meal is nearly equal to corn for 
stock feeding. 110 

787. Rice hulls; rice mill by-pro- 
duct . — Rice hulls have a very low value 
as a feed, for they furnish only about one- 
fourth as much total digestible nutrients as 
does oat straw, and practically no digestible 
protein. When there is a serious shortage of 
roughage, well ground rice hulls may be 
substituted for a small part of the roughage 
usually fed cattle, in order to carry them 
through the period of deficient feed supply. 

In Arkansas trials in which ground rice 
hulls, mixed with the concentrate allowance, 
replaced 15 to 25 per cent of the prairie hay 
in a ration for wintering beef steers, fair 
gains were made, but less than on rations 
without the hulls. 111 The rice hulls, thus fed, 
had a very low value per ton in comparison 
with prairie hay. Unsatisfactory results were 
secured in Texas experiments with beef 
steers when rice hulls were used as the only 
roughage, in place of cottonseed hulls. 112 

It has sometimes been stated that the 
sharp edges of rice hulls may irritate the 
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digestive tracts of stock. However, in a 
Louisiana test no such effect was produced 
by feeding growing steers a mixture contain- 
ing as much as 30 per cent ground rice 
\uils. 118 

Rice mill by-product is the name 
proposed by the Association of American 
Feed Control Officials for the entire by- 
product obtained in the milling of rice, in- 
cluding the hulls, rice bran, rice polish, and 
broken grains. 18 This is sometimes called 
"Tice mill feed.” The fiber content should ^ 
not exceed 30 per cent. About 60 per cent 
of such a product would be rice hulls. In an 
Arkansas trial steers being carried through 
the winter gained decidedly less on rice mill 
feed as the only roughage, plus 3 lbs. of con- 
centrates a day, than on prairie hay with the 
same ' concentrate allowance. 111 In another 
Arkansas trial rice mill feed was a satis- 
factory substitute for two-thirds the prairie 
hay in a properly supplemented ration for 
wintering steer calves. 

VI. Emmer; Spelt; Millet 

788. Emmer and spelt. — Emmer ( Triti- 
cum dicoccum) and spelt ( Triticum spelta) 
are close relatives of wheat, but the grain 
resembles barley in appearance, for the hulls 
are not usually removed from the kernels 
in threshing. These grains have never become 
of any importance in the United States, be- 
cause the other cereals are more productive 
in most sections. Three-fourths of the acre- 
age (mostly emmer) is in North and South 
Dakota. 

Emmer is often incorrectly called 
“speltz” or “spelt.” Spelt is grown but little 
in this country and has been largely dis- 
placed by other grains where it was once 
raised in Europe. 

Emmer and spelt closely resemble oats 
in composition. They may be used in the 
same manner as oats in feeding the various 
classes of stock and have about the same 
value as oats per 100 lbs. 114 The weight of 
these grains per bushel varies considerably, 
a common weight being 40 lbs. per bushel. 

When a large proportion of the hulls is 
removed in threshing, emmer will resemble 
barley more than oats in composition and 
feeding value. 

789. Millet. — The only kind of millet 
grown in this country as a grain crop is hog 
millet ( Panicum milaceum), or proso, also 
called broom-corn millet. It is the ordinary 
millet of the Old World, which has been 
raised since prehistoric times as an important 
grain crop for human food. The forage types 


of millet have been discussed in Chapter 
XVIII. 

Hog millet has spreading or panicled 
heads, wide, hairy leaves, ana large seeds. 
It is not raised for grain to any extent in 
this country except in the most northern part 
of the great plains, where the growing season 
is too short for the grain sorghums. Here it is 
often grown as a late-sown catch crop, for 
other cereals will usually outyield it if seeded 
at the normal time. The yields usually range 
from 10 to 30 bushels per acre. 

Hog millet gives satisfactory results 
when used as a substitute for other grain. It 
should always be ground for all classes of 
stock except poultry. In experiments ground 
hog millet has been worth from 75 to 90 per 
cent as much as corn for fattening cattle and 
lambs; from fully equal to corn to 85 per 
cent of the value of corn for pigs; and 95 per 
cent as much as corn for laying hens. 115 

Finely ground foxtail millet seed was 
fully equal to shelled corn for growing and 
fattening pigs in a Kansas trial. 116 

VII. Buckwheat and Its 
By-products 

790. Buckwheat. — Buckwheat ( Fago - 
pyrum esculentum) is not really a cereal 
but belongs to an entirely different family 
of plants. It is discussed here because the 
seed has much the same general nutritive 
characteristics as the cereal grains. Buck- 
wheat often does better than the small grains 
on poor or very acid soil, and it is also 
frequently grown as a late-sown catch crop, 
because of its short growing season. Buck- 
wheat is raised chiefly for the manufacture 
of buckwheat flour and other human foods, 
but it is sometimes fed to stock when the 
grain is low in price. 

The woody hulls of buckwheat form 18 
to 20 per cent or more of the seed, and the 
grain has 10.7 per cent fiber, which is about 
as much as oats. It has somewhat less protein 
than oats and only about one-half as much 
fat, and it furnishes appreciably less total 
digestible nutrients. It is not so palatable as 
most of the grains. It should therefore be 
mixed with well-liked feeds and should pref- 
erably not form more than one-third of the 
mixture. 

It is of interest that in recent Arkansas 
studies with rats it was found that the 
protein of whole buckwheat or buckwheat 
flour was of much higher nutritive value 
than that in other plant products, even 
soybean oil meal. 117 

Buckwheat should be ground for all 
classes of stock except poultry. Fed in a 
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suitable mixture, ground buckwheat is prob- 
ably worth 5 to 10 per cent less than ground 
oats for dairy cows or other cattle. In 3 
Tennessee trials pigs on pasture gained 
slightly more rapidly on shelled corn and 
protein supplement than when ground buck- 
wheat replaced all or one-half of the corn. 118 
In these trials ground buckwheat was worth 
71 per cent as much per pound as corn. In 
Canadian trials it was somewhat inferior to 
wheat or wheat middlings for fattening 
pigs. 119 Occasionally, buckwheat grain and 
also the green fodder or straw cause peculiar 
eruptions and intense itching of the skin. 
This affects only white or light-colored por- 
tions of the hide, and animals are usually 
thus injured only when exposed to light. 

Tartary buckwheat ( Fagopijmm tatari - 
cum), also called “India wheat” or “rye 
buckwheat,” is higher in hull and lower in 
milling quality and in feeding value than 
ordinary buckwheat. However, it does better 
on very poor soil, is more frost-resistant, and 
yields better under adverse conditions. 

79 1 . Buckwheat by-products. — Buck- 
wheat middlings are the portions of the 
buckwheat grain immediately inside the hull, 
which are separated from the flour in the 
milling process. They contain 29.7 per cent 
protein and only 7.4 per cent fiber, and they 
are about equal to gluten feed or brewers 
dried grains in value. 120 They are generally 
used for dairy cows and are a satisfactory 
protein supplement when forming not over 
one-third the concentrate mixture. They may 
also be used as a substitute for wheat mid- 
dlings in feeding swine and other stock. They 
are not satisfactory as the only protein sup- 
plement for pigs, but should be combined 
with supplements like meat scrap or tank- 
age, which provide better protein. 121 

Sometimes buckwheat hulls (which have 
very little feeding value) are mixed with 
buckwheat middlings to form buckwheat 
feed. The value of this will depend on the 
proportion of hulls. If buckwheat feed has 20 
per cent fiber, it will be about one-third 

hulls. , , , . 

Buckwheat hulls are woody, high in 
fiber, and exceedingly low in digestibility. 
Since they supply only one-third as much 
total digestible nutrients as wheat straw, 
they have very little feeding value. They 
should be used for fuel, bedding, or packing, 
rather than for feed. 

QUESTIONS 

1. Compare the composition of wheat and 

com. 

2. Discuss the value and use of wheat for: 


(a) Dairy cattle; (b) beef cattle; (c) 
sheep; (d) horses and mules; (e) 
swine; (f) poultry. 

3. Describe the manufacture of flour from 

wheat, and state the by-products se- ' 
cured in the milling process. 

4. Discuss the composition of: (a) Wheat 

bran; (b) standard wheat middlings, 
or brown shorts; (c) wheat red dog, 
or white shorts; ( d ) wheat flour mid- 
dlings, or gray shorts; (e) wheat 
mixed feed; (f) wheat germ meal. 

* 5. What wheat by-products are chiefly used 
for: (a) Dairy cattle; (b) beef cattle; 

(c) sheep; (d) horses and mules; (e) 
swine; (f) poultry? 

6. Compare the composition of barley and 

corn. 

7. What is the value of barley, compared 

with corn for: (a) Dairy cattle; (b) 
beef cattle; (c) sheep; (d) horses 
and mules; (e) swine; (f) poultry? 

8. Describe the malting process and state 

the by-products that are produced for 
feeding. 

9. Discuss the composition and use of 

brewers’ dried grains; of malt sprouts. 

10. What limitations has rye as a feed for 

livestock? 

11. What is the chief rye by-product? Com- 

pare its composition with that of 
standard wheat middlings. 

12. Discuss the composition and feeding 

value of the grain sorghums, in com- 
parison with corn. 

13. If any of the following are of importance 

in your district, summarize briefly the 
information concerning their composi- 
tion and feeding value: (a) Bough 
rice; (b) rice bran; (c) rice polish; 

(d) rice hulls; (e) emmer; (f) hog 
millet; (g) buckwheat; (h) buck- 
wheat middlings. 
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CHAPTER XXII 

OTHER SEEDS AND THEIR BY-PRODUCTS 



I. Soybeans, Soybean Oil Meal, 
and Other Soybean 
By-products 

792, Soybeans. — In the discussion 
of soybeans as a forage crop in Chapter 
XVI it has been pointed out that in re- 
cent years they have become one of our 
most important crops. The largest acre- 
age is grown in the heart of the corn 
belt, but soybeans are also raised ex- 
tensively southward to the Gulf States. 
Over 85 per cent of the entire acreage 
of soybeans is grown for seed, chiefly 
for the production of soybean oil and 
soybean oil meal. The average yield of 
seed per acre is about 20 bushels of 60 
lbs. each. 

Soybeans are the richest in protein 
of all the common seeds used for feed, 
averaging 87.9 per cent. They are also 
high in fat, having 18.0 per cent, and 
they are rather low in fiber, with 5.0 
per cent. In total digestible nutrients, 
they rank even above corn, chiefly be- 
cause of their high fat content. Most 
black-seeded varieties of soybeans are 
somewhat lower in fat than the yellow- 
seeded varieties common in the corn 
belt. 

Soybeans are rather low in calcium, 
with only 0.25 per cent. They have much 
less phosphorus than wheat bran, wheat 
middlings, cottonseed meal, or linseed 
meal, as they contain only 0.59 per cent. 
Like other seeds, soybeans lack vitamin 
D, and they have practically no carotene 
(vitamin A value). They are not rich in 
riboflavin, but have more riboflavin and 
thiamine than do the cereal grains. They 
are much higher than corn or oats in 
niacin. 

For some unknown reason, feeding 
any large proportion of soybeans in a 
ration, at least for cattle, decreases the 
utilization of carotene or vitamin A and 


consequently increases the vitamin A re- 
quirement. 1 This is not of practical im- 
portance unless the ration is borderline 
in content of carotene or vitamin A. Soy- 
bean oil meal does not have this effect. 

Soybeans should be ground for 
dairy cattle, but this is unnecessary for 
horses and sheep, and also for beef cattle 
if pigs follow the cattle to utilize the un- 
chewed grain and beans in the drop- 
pings. To grind soybeans in some mills 
it is necessary to mix them with grain, 
as they tend to "gum-up” some mills, be- 
cause of the high fat content. Ground 
soybeans are apt to turn rancid if stored 
long in warm weather. Because of the 
high fat content of soybeans, stock some- 
times tire of them if fed too liberal 
amounts for long periods. 

793. Value for non-ruminants in- 
creased by thorough cooking. — Numer- 
ous experiments have shown that the 
nutritive value of soybeans and of soy- 
bean oil meal for non-ruminants, such as 
swine and poultry, is much increased 
by proper cooking. 2 Such cooking greatly 
increases the availability and value of 
the protein for these animals and also 
destroys a substance, called the trypsin 
inhibitor, that depresses the growth of 
non-ruminants and prevents the action 
of the protein digestive enzymes, trypsin 
and erepsin. 

Raw soybean protein therefore has 
a low value for pigs and poultry. Fortu- 
nately, properly cooked soybean oil meal 
or soybeans furnish protein that is equal 
or nearly equal in value to the protein 
of milk or fish meal. While thorough 
cooking greatly improves soybean pro- 
tein for non-ruminants, too high heat or 
too prolonged cooking reduces the value, 
because it destroys or makes unavailable 
lysine or certain other amino acids. 

The protein of soybeans is rather 
low in total amount of the sulfur con- 
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taining amino acids — methionine and 
cystine. However, this is ordinarily cor- 
rected by the fact that the cereal grains 
have a fair amount of these amino acids. 

In the discussions of the use of soy- 
beans for the various farm animals in 
this chapter, it is shown that, differing 
greatly from the results with swine and 
poultry, raw soybeans are a very satis- 
factory protein supplement for dairy 
cows, for beef cattle a year of age or 
older, for sheep, and for horses. It is 
pointed out later that for fattening calves, 


out. The residue, which is in the form 
of hard cakes or slabs, is ground into 
meal or cracked coarsely into nut-size 
fragments. 

In the expeller process the seed is 
cracked, dried, and then heated in a 
steam-jacketed apparatus. The oil is ex- 
pressed in expellers, or screw presses, in 
which tremendous pressure is exerted by 
a worm shaft revolving in a horizontal 
barrel. In this process considerable heat 
is produced by the friction as the mate- 
rial passes through the expeller under the 
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Over 85 per cent of our acreage of soybeans is grown for seed, chiefly for the production 
of soybean oil and soybean oil meal. 


well-cooked soybean oil meal is decid- 
edly superior to raw soybeans, while raw 
soybeans generally give good results as 
the protein supplement for older fatten- 
ing cattle. ( 800 ) 

794. Oil-milling methods. — In the 
processing of soybeans and other oil-rich 
seeds for the production of oil, three dif- 
ferent methods are used: the hydraulic 
process, or so-called 'old process”; the 
expeller process; and the solvent process. 

In the hydraulic process the seed is 
crushed into flakes and thoroughly cooked 
by steam. Then the mass is formed into 
cakes wrapped in heavy cloth, and these 
are placed in hydraulic presses, where as 
much of the oil as possible is pressed 


great pressure. This cooks the meal thor- 
oughly, if the process is properly regu- 
lated. The residue, which is in flake 
form, is ground into meal, or may be 
put through machines which press it into 
pellets. 

In the solvent process the seed is 
cracked, heated mildly, and rolled into 
thin flakes. The flakes next pass into an 
extracting tower where the oil is ex- 
tracted by a volatile solvent. The residue 
is then heated and dried to remove all 
traces of the solvent. This solvent process 
removes the oil from the seed much more 
completely than either the hydraulic or 
the expeller process. For example, while 
expeller or hydraulic soybean oil meal 
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usually has 4 to 5 per cent of fat or oil, 
solvent-process soybean oil meal may 
have less than 1 per cent, 
v In processing soybeans by the sol- 
vent method, the extracted soybean 
flakes must finally receive a special heat 
treatment, called “toasting,” in a steam- 
jacketed apparatus, in order to cook 
them thoroughly. Otherwise, they will 
not be cooked enough to produce satis- 
factory results in feeding swine and 
poultry. After this, the flakes are ground 
to form soybean oil meal or may be 
pressed into pellets. 

795. Soybean oil meal. — The pro- 
duction of soybean oil meal has increased 
so greatly in the United States during 
the past few years that it is now our 
most important high-protein supplement. 
During recent years our annual produc- 
tion of soybean oil meal has been well 
over 5,000,000 tons a year, or more than 
double the production of cottonseed 
meal. 

Expeller- or hydraulic-process soy- 
bean oil meal is commonly guaranteed 
to contain 41 per cent protein, but some- 
times the protein guarantee is 43 per 
cent or even higher. The 41-per cent 
grade contains 44.0 per cent protein, on 
the average, thus running well above the 
guarantee. Solvent-process soybean oil 
meal is usually sold with a guarantee of 
44 per cent protein, and averages 45.7 
per cent in protein content. 

Expeller or hydraulic soybean oil 
meal of 41 per cent protein grade has 
an average of 4.8 per cent fat, while the 
solvent-process soybean oil meal has only 
1.3 per cent fat. Soybean oil meal is 
lower in fiber than cottonseed meal or 
linseed meal. It ranks high in digesti- 
bility and has slightly more total digest- 
ible nutrients than cottonseed meal or 
linseed meal. Expeller or hydraulic soy- 
bean oil meal averages 77.9 per cent in 
total digestible nutrients, and although 
solvent-process soybean oil meal has 
much less fat, it is as high in total di- 
gestible nutrients. 

Soybean oil meal is rather low in 
calcium, with an average of only 0.27 
per cent for the expeller- or hydraulic- 
process product. It has much less phos- 


phorus than there is in cottonseed meal 
or wheat bran, having an average of 
0.63 per cent. Minerals are sometimes 
added to soybean oil meal to supply 
additional calcium and phosphorus, and 
the product is then sold under a trade 
name, or as mineralized soybean oil 
meal. 

Like soybeans, soybean oil meal 
does not supply carotene or vitamin D. 
It is not rich in riboflavin, but has con- 
siderably more than corn or other grain. 
The niacin content is fairly high, and 
the thiamine content about like that of 
the cereal grains. 

The taste of soybean oil meal indi- 
cates in a general way whether it has 
been cooked sufficiently to make it suit- 
able for swine or poultry. If the soybean 
oil meal has a raw, “beany” taste, it has 
not been cooked enough for these classes 
of stock. Well-cooked hydraulic-process 
or expeller-process soybean oil meal has 
a pleasant nut-like taste and a light 
brownish or tan color. Properly-cooked 
solvent-process soybean oil meal may be 
lighter in color, and have no pronounced 
nut-like taste, but not a raw, “beany” 
taste. Chemical methods have been de- 
veloped for determining whether soy- 
bean oil meal has been cooked suffi- 
ciently for feeding to poultry and swine. 3 

A few years ago certain oil mills 
began to use trichloroethylene instead 
of hexane, the usual solvent, in the sol- 
vent process. Though this solvent itself 
is not toxic, for an unknown reason 
some of the soybean oil thus produced 
was poisonous to cattle and certain other 
animals. The use of this solvent was 
therefore discontinued. 

Because of the importance of soy- 
bean oil meal in livestock feeding, de- 
tailed information follows concerning its 
value and use for each class of farm ani- 
mals. In general, it may be stated that 
soybean oil meal is one of our best pro- 
tein supplements. For swine and poul- 
try, properly cooked soybean oil meal 
ranks ahead of all other common pro- 
tein supplements of plant origin, because 
of the high quality of its protein, 

796. Dehulled solvent soybean oil 
meal. — Some solvent process soybean oil 
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meal is made from soybeans from which 
the hulls have been first removed. This 
dehulled solvent-extracted soybean oil 
meal is usually guaranteed to have 50 
per cent protein. According to the defi- 
nition of the Association of American 
Feed Control Officials, it should not have 
more than S per cent of fiber. 4 

Because of its high content of pro- 
tein and low fiber content, this product is 
used in some high-energy mashes for 
chicks and broilers or in pig starters. 

797. Soybean mill feed. — This is 
the by-product from the manufacture of 
soybean flour or grits and of dehulled 
soybean oil meal. It is composed chiefly 
of soybean hulls and has 29.5 per cent 
of fiber and only 15.7 per cent of pro- 
tein. Soybean mill feed is therefore a 
low-grade feed, resembling hay in fiber 
content and value, and being far differ- 
ent from soybean oil meal. 

The fiber guarantee of any such by- 
product should be noted carefully, as it 
will give an indication of its value in 
comparison with other feeds. 

798. Soybeans for dairy cattle. — 
Ground soybeans are an excellent pro- 
tein supplement for dairy cows, and in 
trials have been equal to linseed meal in 
value per ton 5 and slightly superior to 
cottonseed meal. 6 Even for dairy calves 
2 to 3 months old at the start, ground 
soybeans were equal to linseed meal as 
the protein supplement in an Indiana 
test. 7 

Ground or cracked soybeans are 
well liked by dairy cattle when fed in 
such amounts as are needed to balance 
the ration, and are slightly laxative. In 
Iowa trials cracked soybeans were even 
satisfactory when fed as the only con- 
centrate to dairy cows for long periods, 
some cows eating as much as 8.5 lbs. a 
day. 8 However, in Indiana experiments 
mixtures containing 50 per cent or more 
of ground soybeans were less well liked 
by cows than mixtures with a smaller 
proportion. 8 

As stated previously in this chapter, 
feeding to cattle a ration containing a 
large proportion of soybeans decreases 
the utilization of carotene or vitamin A. 
(792) For this reason, the vitamin A 


value of milk and the yellow color of 
butterfat may be decreased appreciably 
on such a ration, unless an abundance 
of good roughage is fed that is rich in" 
carotene. 10 In Ohio experiments dairy 
cows were fed for over 3 years a con- 
centrate mixture containing 23 per cent 
of ground soybeans as the only protein 
supplement, along with good hay and 
silage or else pasture. 11 The milk pro- 
. duction equalled that on a ration con- 
taining soybean oil meal as the protein 
supplement, and the soybean ration did 
not appreciably lower the carotene or 
vitamin A content of the milk. 

When the concentrate mixture con- 
tained 25 per cent or more of soybeans 
in the Indiana and Iowa trials, the fat 
percentage of the milk was generally in- 
creased. In 7 Indiana tests the fat test 
was 0.25 per cent higher on rations con- 
taining soybeans than on other rations 
with no soybeans. Feeding a large pro- 
portion of soybeans tends to produce 
soft butter, but the flavor of the milk is 
not injured by any ordinary amount of 
soybeans. 12 The effect on the character 
of the fat tends to decrease after a time. 

799. Soybean oil meal for dairy cat- 
tle. — Soybean oil meal is one of the best 
protein supplements for dairy cattle, 
equaling linseed meal, cottonseed meal, 
or ground soybeans. 13 Because of the 
excellent quality of protein in soybean 
oil meal, if it is used as the chief protein 
supplement in a dairy calf starter, no 
protein supplement of animal origin is 
needed, such as dried skimmilk. (1141) 

If the other feeds in the ration are 
low in fat, soybean oil meal made by 
the expeller process or the hydraulic 
process is preferable to solvent-process 
soybean oil meal, as it will help supply 
sufficient fat to make possible maximum 
milk and butterfat production. Because 
most of the oil has been removed from 
soybean oil meal, it does not affect the 
hardness of butter. 

800. Soybeans for beef cattle. — In 
the soybean-growing districts soybeans 
are often used as the protein supplement 
for fattening cattle and for the breeding 
herd. Extensive experiments have shown 
that soybeans give somewhat better re- 
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suits as the protein supplement for fat- value as the protein supplement, being 
tening yearlings and older cattle than worth 94 per cent as much per ton as 
for fattening calves. This may be because cottonseed meal. 16 

\ calves must be fattened over a much Fattening cattle should not be fed 

longer period and often tire of the fat- more soybeans than are needed to bal- 
rich soybeans during the latter part of ance the ration, as too large an allow- 
the feeding period, or even tend to go ance may be unduly laxative and may 
4 off feed. 9 * tend to throw the cattle * 'off feed.” The 

In 28 expeiiments soybeans have amounts needed to balance various ra- 
been compared with soybean oil meal, tions are shown in Appendix Table VII, 
cottonseed meal, or linseed meal as the* Soybeans need not be ground for beef 
only protein supplement for fattening cattle which are followed by pigs. 



Soybeans Thrive Where Corn Can Be Grown 

Soybeans are drouth resistant, are adapted to a wide range of soils, stand considerable 
frost, and do well on soil too sour for alfalfa. 

two-year-old or yearling cattle. 14 The 801. Soybean oil meal for beef cat- 

cattle fed soybeans as the supplement tie. — Soybean oil meal is one of the best 
have gained as fast or nearly as fast as protein supplements for beef cattle, being 
those fed the other supplements. In excellent for fattening cattle and for the 
these many trials soybeans were worth breeding herd. Because soybean oil meal 
slightly mox*e per ton than soybean oil is not high in fat, fattening cattle do not 
meal or cottonseed meal, and as much as show the tendency to tire of it during a 
linseed meal long feeding period, which sometimes 

For fattening calves soybeans have occurs with soybeans. Also, soybean oil 
been a decidedly less satisfactory pro- meal is only slightly laxative and does 
tein supplement than soybean oil meal or not produce scours when fed in consid- 
linseed meal in 7 experiments, and worth erably larger amounts than are needed 
considerably less per ton. 15 In 11 trials to balance the ration, 
with fattening calves soybeans more In 20 experiments fattening cattle 

nearly approached cottonseed meal in made equal gains when fed soybean oil 
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meal in comparison with cottonseed meal 
as the supplement. 17 The cattle fed soy- 
bean oil meal required a little less feed 
per 100 lbs. gain and sold for a few 
cents more per hundredweight, on the 
average. In these experiments the aver- 
age net return would have been equal, if 
soybean oil meal had cost 28 per cent 
more per ton than cottonseed meal. 

In Nebraska tests when a mineral 
mixture was fed to supply additional 
phosphorus, soybean oil meal was about 
equal to cottonseed meal as the protein 
supplement for beef calves wintered on 
prairie hay. 18 On the other hand, cotton- 
seed meal produced slightly better re- 
sults when the mineral mixture was not 
fed. 

Soybean oil meal has not proven 
equal to linseed meal as the only protein 
supplement for fattening cattle. In 11 
experiments cattle fed soybean oil meal 
as the supplement gained 0.1 lb. a day 
less than others fed linseed meal, re- 
quired a little more feed per 100 lbs. 
gain, and sold for 13 cents less per 
hundredweight. 19 Taking all these seem- 
ingly small differences into consideration, 
it would have been necessary to buy 
soybean oil meal at only 67 per cent of 
the price of linseed meal to make an 
equal net return over cost of feed and 
cattle. 

A small difference in the selling 
price of fat cattle makes considerable 
difference in the value of a protein sup- 
plement, because it applies to the entire 
weight of the cattle when marketed, and 
this difference in sale value must be 
charged against the rather small amount 
of supplement fed during the fattening 
period. 

Solvent-process soybean oil meal has 
been fully equal to expeller-process or 
hydraulic-process soybean oil meal in 
feeding value in 8 tests with fattening 
cattle and 3 trials with calves being 
wintered. 20 The solvent-process product 
may sometimes be a trifle less palatable, 
however. 

802. Soybeans and soybean oil meal 
for sheep. — Both soybeans and soybean 
oil meal are excellent protein supple- 
ments for sheep feeding. Experiments 


have shown that they are usually equal 
to linseed meal or cottonseed meal in 
value per ton. 21 There seems to be little 
choice between soybearij' and soybean^ 
oil meal for feeding slSep, since the 
results with these two su&lements have 
been practically the samS^on the aver- 
age, in 10 trials with fattening lambs. 22 
It does not generally pay to grind soy- 
beans for sheep. 

If not much higher in price per ton 
than corn, soybean oil meal can be used 
economically as the only concentrate for 
fattening lambs fed roughage low in 
protein. 23 

803. Soybeans and soybean oiTkneal 
for horses and mules.— Both ground 
soybeans and soybean oil meal are 
very satisfactory protein supplements for 
horses and mules. Not more than 1 lb. 
per head daily of either of these feeds 
is needed to balance any usual ration for 
horses and mules. Soybeans should not 
form over one-third the concentrate mix- 
ture, else they may cause digestive trou- 
ble, owing to their heavy nature. Farm- 
ers have reported that feeding a small 
amount of soybeans to horses in the 
spring seems to have the same effect as 
linseed meal, in making their hair smooth 
and sleek. 24 

804. Soybeans for swine. — Soy- 
beans have very definite limitations for 
swine feeding. It is therefore wise for 
soybean growers to exchange soybeans 
for soybean oil meal to feed to swine, 
unless the price of soybean oil meal is 
considerably higher. 

First of all, if growing and fatten- 
ing pigs are fed soybeans as the only 
protein supplement to grain and the ra- 
tion contains more than about 10 per 
cent of soybeans, the pork is apt to be 
soft. 25 If pigs in dry lot weigh at least 
125 lbs. and pigs on pasture at least 70 
lbs. before soybean feeding is begun, 
and if the amount of soybeans is no 
greater than is needed to balance the 
ration, satisfactory carcasses are usually 
produced. 

The second limitation is that for 
pigs not on good pasture raw soybeans 
are decidedly inferior in nutritive value 
to soybean oil meal or to well-cooked 
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soybeans. 26 Cooking soybeans involves 
considerable labor and expense. 

Except fojr . the softening effect on 
Vthe carcass, Av soybeans, fed as the 
only protein sj|pplement, give better re- 
sults with v§-grown pigs than with 
young pigs, apf are more satisfactory for 
pigs on pasture* than for those in dry lot. 
For example, in 33 experiments on first- 
rate pasture, pigs fed raw soybeans and 
minerals as the supplements to corn 
gained 1.43 lbs. a day, in comparison 
with 1.54 lbs. for others fed soybean oil 
meal or tankage instead of soybeans. In 
these experiments, not considering the 
diffe^eilce in rate of gain and the danger 
of producing soft pork on the soybean 
ration, 100 Tbs. of soybeans were equal 
to 87 lbs. soybean oil meal plus 24 lbs. 
corn, 27 or to 60 lbs. of tankage plus 37 
lbs. corn. 28 

Raw soybeans are decidedly inferior 
to soybean oil meal or cooked soybeans 
for pregnant sows or those nursing lit- 
ters. 29 

Soybeans that have been thoroughly 
roasted or otherwise cooked produce sat- 
isfactory gains when fed with corn and 
a calcium and phosphorus supplement, 
even to pigs not on pasture. 30 However, 
cooking the soybeans does not at all pre- 
vent the softening effect on the carcass. 
Also, roasted soybeans are so palatable 
to pigs that, when the soybeans are self- 
fed, the pigs will eat much greater 
amounts than needed to balance the ra- 
tion. If a mixture of shelled corn and 
the proper proportion of roasted soy- 
beans is fed, the pigs will sort out the 
soybeans from the corn. It is therefore 
necessary to hand-feed the roasted soy- 
beans, or to self-feed a mixture of suit- 
able amounts of ground corn and ground 
soybeans. 

In using soybeans as the protein 
supplement for swine, it is important to 
provide a mineral mixture supplying 
both calcium and phosphorus, even for 
pigs on gqod pasture. In the case of 
swine not ,on pasture, legume hay should 
be inclucjfed in the ration, if possible, 
as an insurance against lack of vitamins. 
There is no need of grinding soybeans 
for swine. 


Missouri tests show that feeding 
pigs a ration containing 25 per cent or 
more of soybeans increases the tendency 
of the pork to become rancid on storage 
in a freezer. 31 

When pigs are used to hog down 
a field of ripe soybeans, they make satis- 
factory gains if supplied with a mineral 
mixture and fed a limited amount of 
corn in addition. However, the carcasses 
, will be decidedly soft. 

805. Soybean oil meal for swine. — 
Soybean oil meal that has been prop- 
erly cooked in the manufacturing process 
is the best of all common protein sup- 
plements of plant origin for swine feed- 
ing. For pigs and other swine on good 
pasture it gives excellent results when 
used as the only protein supplement, 
if a mineral supplement is provided to 
supply additional calcium and phos- 
phorus. 

In each of 19 trials one lot of pigs, 
averaging 64 lbs. in weight at the start, 
was full-fed corn on good pasture, with 
soybean oil meal and with minerals to 
supply additional calcium and phos- 
phorus, while another lot was fed tank- 
age or meat scrap as the supplement. 32 
The pigs fed soybean oil meal equalled 
those fed tankage or meat scrap in rate 
of gain, but they required a trifle more 
feed per 100 lbs. gain. On the average, 
100 lbs. of soybean oil meal equalled 43 
lbs. tankage plus 44 lbs. corn, but minus 
3 lbs. mineral mixture, in feeding value. 

Soybean oil meal is also very satis- 
factory as the only high-protein sup- 
plement to grain for well-grown pigs not 
on pasture, if legume hay is included in 
the ration, as well as a calcium and 
phosphorus supplement. However, the 
experiments reviewed in Chapter XXXIV 
have shown that young pigs in dry lot, 
placed at weaning time on such a ration 
as corn, soybean oil meal, and minerals, 
may not thrive even when 5 per cent of 
good-quality alfalfa hay is included in 
the ration. Some may become runts or 
be unable to walk normally. Similarly, 
if brood sows are raised in dry lot on 
such rations and continued on them dur- 
ing pregnancy, many of the pigs may 
be weak at birth or the sows may be un- 
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able to provide enough milk for them. 
Poor results sometimes occur even on ra- 
tions containing protein supplements of 
animal origin, but are more frequent 
when no meat scrap, tankage or fish 
meal is fed. These troubles are due 
to deficiencies of certain vitamins. 

Such troubles may be prevented by 
raising the sows on good pasture and by 
including 15 per cent of good alfalfa 
hay or other legume hay in their winter 
rations. Pigs will not generally show 
these deficiencies if they are well started 
on good pasture before they are placed 
in dry lot, and are then fed such rations 
only after they have reached a weight of 
60 to 75 lbs. 

Soybean oil meal has a great ad- 
vantage over soybeans as a supplement 
for fattening pigs, because it does not 
produce soft pork when fed in any ordi- 
nary amount. Properly cooked soybean 
oil meal is liked so well by pigs that if it 
is self-fed, free-choice, as the supplement 
to grain, they will often eat much more 
of the soybean oil meal than they need 
to balance their ration. To prevent this, 
the soybean oil meal can be hand-fed in 
the proper amount, or some less pal- 
atable feed, such as ground alfalfa hay, 
can be mixed with it. 

Particularly good results are secured 
when soybean oil meal is used in combi- 
nation with the protein supplements of 
animal origin, as in a trio-type mixture. 
Various desirable combinations are dis- 
cussed in Chapter XXXIV. 

Well-cooked soybean oil meal is of 
approximately the same value for swine, 
no matter whether made by the expeller 
process, the solvent process, or the hy- 
draulic process. In 12 experiments 
toasted solvent-process soybean oil meal 
has been compared with expeller-process 
soybean oil meal as the supplement to 
corn for pigs on pasture or in dry lot. A 
mineral mixture was fed in addition and 
alfalfa hay was usually included in the 
rations for the dry-lot pigs. 33 On the 
average, the pigs fed solvent-process 
soybean oil meal gained 1.23 lbs. and 
those fed the expeller-process product 
just a trifle more, 1.25 lbs. Each 100 
lbs. of the solvent-process soybean oil 


meal equalled 108 lbs. of expeller-process 
soybean oil meal minus 19 lbs. of corn 
in feeding value. 

806. Soybean oil meal and soybeans 
for poultry. — Among common feeds, soy- 
bean oil meal which has been thoroughly 
cooked in the manufacturing process is 
the best substitute for protein supple- 
ments of animal origin in poultry feed- 
ing. Raw soybeans or even cooked soy- 
beans are much less satisfactory than 
soybean oil meal and have a consider- 
ably lower value. Soybeans should there- 
fore be used for poultry only when better 
protein supplements are not readily avail- 
able. 

Numerous experiments have* been 
conducted to find the extent to which 
soybean oil meal can be used satisfac- 
torily in poultry rations to replace such 
supplements as fish meal, meat scrap, 
and milk by-products. 34 These investi- 
gations have shown that in using soy- 
bean oil meal as the chief protein sup- 
plement it is especially important to 
correct the deficiencies of calcium and 
riboflavin. Also, a phosphorus supple- 
ment should be added to the ration, if 
necessary, as soybean oil meal is only 
fair in phosphorus content. If the ration 
is thus properly supplemented, soybean 
oil meal gives excellent results when used 
to replace at least one-half of the ani- 
mal protein needed to balance rations 
for chicks, growing pullets, or laying 
hens. 

When there is a shortage of animal- 
protein supplements, as occurred in 
World War II, satisfactory results are 
generally secured when soybean oil meal 
replaces a considerably larger part of 
the feeds of animal origin. If great care 
is taken to supply proper amounts of 
calcium, phosphorus, riboflavin, and other 
R-complex vitamins, reasonably good egg 
production and growth of chicks can be 
secured when soybean oil meal replaces 
all the fish meal, meat scrap, or tank- 
age in usual rations. However, for rapid 
growth and fattening of broilers and for 
high hatchability of eggs, a minimum 
amount of such animal feeds should be 
included in the ration. Too large a pro- 
portion of soybean oil meal in the start- 
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ing mash for chicks may cause trouble 
from “pasting up,” in which the feces 
stick to the down. 

V In most tests, solvent-process soy- 
bean oil meal that has been properly 
cooked has been equal to expeller-process 
or hydraulic-process soybean oil meal 
that has also been well cooked. 35 Soy- 
bean oil meals of the same type may 
vary in value, depending on the care 
taken by the manufacturer to control 
the temperature to which the soybean 
oil meal is heated. Sufficient cooking is 
essential, but overcooking is detrimental. 

If ground raw soybeans are used 
for poultry, they had best be used to re- 
place not more than one-third of the 
animal-protein supplements. 36 Soybeans 
give better results when fed to poultry 
on good pasture than for birds in con- 
finement. Thorough cooking of soybeans 
by roasting or boiling increases their 
value for poultry, but cooked soybeans 
are not so satisfactory as soybean oil 
meal. Sprouting soybeans increased their 
value in a New Jersey test but did not 
improve them appreciably in a Maryland 
trial. 37 In any event, sprouting requires 
considerable labor and trouble. 

Colorado studies show that raw soy- 
beans may have a tendency to produce 
goiter in chicks, unless iodine is added 
to the ration. 38 

II. Cottonseed and Cottonseed 
By-products 

807. Importance of the cotton crop. 

— Cotton ( Gossypium hirsutum ) ranks 
next to corn and wheat in value in the 
United States, and is the most important 
southern crop. Cotton is grown primarily 
for the fiber, but cottonseed meal and 
cake, secured in the production of oil 
from cottonseed, are among our most 
important feeds. Also, cottonseed hulls 
are one of the most common roughages 
in the South. 

During recent years about 2,400,- 
000 tons of cottonseed meal and cake 
and 1,300,000 tons of cottonseed hulls 
have been produced a year in the United 
States. From each ton of cottonseed 
there are secured approximately the fol- 
lowing; Cottonseed cake or meal, 954 


lbs.; crude oil, 303 lbs.; hulls, 514 lbs.; 
and linters, or short fiber, 110 lbs.; with 
dirt and loss in manufacturing amount- 
ing to 119 lbs. 39 

808. Manufacture of cottonseed 
meal and cake. — At the oil mills, after 
the cottonseed has been cleaned and 
more or less of the short lint covering 
the seed has been removed, the leathery 
hulls of the seed are cut by machines, 
so the kernels can drop out. The kernels 
are separated more or less completely 
from the hulls by shakers and beaters, 
containing metal screens. After the ker- 
nels are crushed, as much of the oil as 
possible is removed by one of the oil- 
milling methods. (794) The residue after 
most of the oil is removed is cottonseed 
meal or cake. 

Until recently, the hydraulic method 
was commonly used in processing cotton- 
seed, but now the expeller method is 
used extensively, and some mills use the 
solvent method or a combination of pre- 
liminary treatment in expellers, or screw 
presses, followed by solvent extraction 
(called the prepress solvent method). 

The large cakes of cottonseed cake 
produced in the hydraulic method are 
ground to form cottonseed meal, or 
broken into pieces of pea or nut size for 
sale as cottonseed cake. Some cotton- 
seed meal is put through pelleting ma- 
chines to produce pellets or cubes of 
various sizes. For feeding outdoors, es- 
pecially for use on the western ranges, 
cottonseed cake or pellets are preferred 
to cottonseed meal, as they are not scat- 
tered by the wind. In the eastern and 
central states and for feeding to dairy 
cattle cottonseed meal is generally used. 
Since most of the product is fed in this 
country as cottonseed meal, and also 
since the meal and cake have the same 
general value, the term cottonseed meal 
will be commonly used in this volume in 
referring to both cottonseed meal and 
cottonseed cake. 

The following sizes of cottonseed 
cake are made in this country: Nut-size 
cake , consisting of pieces from three- 
fourths to 1.5 inches in diameter; sheep- 
size cake , from five-eights to seven-eights 
inch; pea-size cake , from three-eights to 
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five-eights inch; and pebble-size cake, 
under three-eights inch in diameter. 

809. Grades of cottonseed meal or 
cake. — Because cottonseed meal and 
cake are used chiefly as protein supple- 
ments, they are graded and sold on the 
basis of the guaranteed protein content, 
in addition to the general quality. To 
conform to the official definitions of the 
Association of American Feed Control 
Officials, cottonseed meal or cake must 
contain at least 36 per cent of protein 


to its protein content. For example, 
prime-quality cottonseed meal guaran- 
teed to contain 41 per cent protein must 
be designated as “41 per cent protein 
cottonseed meal, prime quality.” Cotton- 
seed meal that is not high grade in odor 
or texture is designated as “off quality.” 

Because of the variation in composi- 
tion, cottonseed meal or cake should al- 
ways be purchased on definite guaran- 
tees, not only of protein content but also 
of fat and fiber. The grades with lower 



Picking a Crop of Cotton 

Cotton is by far the most important crop in the southern states. The cottonseed meal 
and cake produced in the processing of cottonseed for oil rank next to soybean oil meal in 
importance among the high-protein supplements used for stock feeding. (From Ward, 
Educational Service, National Cottonseed Products Association.) 


and must be composed principally of the 
kernel, with only such portion of the 
hull as is necessary in the manufacture 
of oil. 4 If the product has less than 36 
per cent of protein, it must be sold as 
cottonseed feed. 

Cottonseed meal is classed either 
as prime quality or off quality. Accord- 
ing to the official definition, cottonseed 
meal , prime quality must be finely 
ground, not necessarily bolted, be free 
from excessive lint, must not have a sour, 
musty, or burnt odor, and must contain 
not less than 36 per cent of protein. It 
must be designated and sold according 


protein content not only supply less pro- 
tein but are also higher in fiber, because 
the hulls are usually removed less com- 
pletely. Such meal therefore furnishes 
less total digestible nutrients than that 
which has 41 per cent or more of pro- 
tein. 

The cottonseed raised in certain sec- 
tions of the Southwest, especially in 
Texas, is higher in protein than the seed 
produced in other cotton-growing dis- 
tricts. For this reason, 41 per cent pro- 
tein cottonseed meal from such seed 
usually contains slightly more hulls and 
is therefore a little higher in fiber and 
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lower in feeding value than cottonseed 
meal containing 41 per cent protein from 
districts where cottonseed is lower in 
protein. 

810 . Composition and nutritive 
properties. — -Cottonseed meal of the 
usual grades contains 41 per cent pro- 
tein or more, thus having nearly as much 
as soybean oil meal. It supplies protein 
r of satisfactory quality for cattle, sheep, 
or horses, when used as the only or the 
chief protein supplement. However, cot- 
tonseed meal does not furnish protein of 
high quality for swine or poultry, chiefly 
because it is rather low in lysine. For 
them, it should therefore be used in 
combination with such supplements as 
tankage, meat scrap, fish meal, milk by- 
products, or soybean oil meal. Such com- 
binations will not only provide protein 
of better quality, but will also prevent 
injury from gossypol, which is discussed 
later. 

In Oklahoma comparisons of cotton- 
seed meals made by the solvent process 
and the hydraulic process, there were no 
appreciable differences in digestibility or 
in the value of the protein for beef steers 
or lambs. 40 

Most of the cottonseed meal pro- 
duced by the hydraulic or expeller meth- 
ods has 5 per cent fat or slightly more. 
The fat content was somewhat higher be- 
fore modifications had been made in 
these methods which made possible more 
complete removal of the fat, or oil. Sol- 
vent-process cottonseed meal is much 
lower in fat. 

High-grade cottonseed meal supplies 
slightly less total digestible nutrients than 
does linseed meal. The solvent-process 
meal is somewhat lower than the expel* 
ler-process or hydraulic-process meal, be- 
cause of the lower fat content. 

Cottonseed meal is one of the rich- 
est feeds in phosphorus, containing about 
1.0 per cent or more. In contrast to the 
high phosphorus content, it has only 
about 0.2 per cent calcium. Like other 
seed products, cottonseed meal lacks vi- 
tamin D, and it also has little or no caro- 
tene (vitamin A value). These lacks can 
readily be made good by including in the 
ration a sufficient amount of well-cured 


legume hay or mixed hay high in leg- 
umes. If grass hay, such as timothy or 
prairie hay, is of excellent quality, it will 
supply these necessary nutritive factors, 
except that it may not furnish enough 
calcium, unless grown on soil rich in 
lime. Cottonseed meal has a fair content 
of the B-complex vitamins. 

Cottonseed meal tends to produce 
milk fat of a high melting point and 
hard body fat. It thus helps to overcome 
the tendency of peanuts and soybeans to 
produce soft pork. Cottonseed meal may 
be slightly constipating in effect, but not 
noticeably so when it is fed with such 
feeds as legume hay or silage. This effect 
may be advantageous when considerable 
amounts of very laxative feeds are used, 
such as beet molasses or sugar beet tops. 

811. Cottonseed meal as a feed. — 
Cottonseed meal is one of the best pro- 
tein supplements for dairy cows, beef 
cattle, and sheep. For swine and poultry 
the ordinary kinds of cottonseed meal 
should be fed in strictly limited amounts, 
because of the danger of injuiy from a 
substance called gossypol which ordinary 
cottonseed meal contains. 

Raw cottonseed contains appreci- 
able amounts of gossypol, the amount 
varying considerably with the climate 
and the soil. Gossypol is poisonous to 
certain kinds of animals if consumed in 
sufficient amounts. Fortunately, in the 
heating that occurs in the process of oil 
manufacture much of the gossypol is 
changed into a substance (called d- 
gossypol, or bound gossypol) which is 
much less poisonous. 

Extensive experiments have proved 
that cattle over 3 or 4 months of age may 
safely be fed large amounts of ordinary 
cottonseed meal continuously for long 
periods, if care is taken to provide plenty 
of high-quality hay or good pasturage. 41 
Such roughage makes good the lack of 
carotene and other possible deficiencies 
in the cottonseed meal and the other con- 
centrates usually fed. 

These investigations have proved 
that in the case of cattle these deficien- 
cies are the primary cause of the so- 
called “cottonseed-meal poisoning” 
which often occurs when stock are 
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heavily fed on cottonseed meal and 
roughage low in vitamins and calcium. 
Cattle are not affected by the amount of 
gossypol usually present in cottonseed 
meal, or even in cottonseed. Thus, in 
Oklahoma experiments dairy cows have 
not been injured when they have been 
fed as much as 10 lbs. of cottonseed 
meal per head daily for 3 years with 
good roughage, but without any pas- 
ture. 42 


ing. Sheep may be fed as much ordinary 
cottonseed meal as is needed to balance 
their rations, but should not be fed large 
amounts continuously for long periods. 
However, as is shown later, lambs have 
been fattened satisfactorily for the usual 
length of time on cottonseed meal as the 
only concentrate, fed with plenty of leg- 
ume hay. (816) 

Swine, poultry, and young calves 
are injured by an appreciable amount of 



A Mechanical Cotton Picker 

Cotton pickers have been recently developed which greatly reduce the expense of 
harvesting the crop. (From Ward, Educational Service, National Cottonseed Products As- 
sociation. ) 


Symptoms similar to the so-called 
“cottonseed-meal poisoning” were pro- 
duced in some of these experiments 
when cattle were fed rations low in caro- 
tene but which included no cottonseed 
products whatsoever. Provided the in- 
jury on such a ration as cottonseed meal 
and hulls had not progressed too far, the 
animals could be cured rather rapidly by 
feeding cod-liver oil, good legume hay, 
or fresh green forage. 

For calves under 3 to 4 months of 
age it is best not to use more than about 
20 per cent of ordinary cottonseed meal 
in the concentrate mixture. A larger pro- 
portion is apt to cause gossypol poison- 


free gossypol in the ration. Horses and 
mules must also be fed ordinary cotton- 
seed meal with caution. The following 
articles state the proportions of ordinary 
cottonseed meal that can be fed safely 
to these classes of stock. 

The investigations which have 
proved that with good roughage cotton- 
seed meal can be safely fed to dairy cows 
and other cattle, except young calves, in 
large amounts and even as the only con- 
centrate, are of especial importance in 
the southern states. There cottonseed 
meal is frequently the cheapest source 
not only of protein but also of digestible 
nutrients. Under these conditions it is 
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often economical to feed cottonseed meal 
as the only concentrate to dairy cows 
and beef cattle, or at least in consider- 
ably larger amounts than are needed to 
balance the ration in protein content. 

812. Low-gossypol cottonseed meal. 
— Cottonseed meal produced by the 
usual methods, no matter whether hy- 
draulic, expeller, or solvent, varies 
widely in content of free gossypol. In 
North Carolina studies, for example,* 
114 samples of cottonseed meal tested 
had an average of 0.093 per cent, with 
the wide range of 0.030 to 0.208 per 
cent, 43 To be used with safety in any 
large proportion in swine rations, cotton- 
seed' meal should not have more than 
0,04 per cent free gossypol, and in poul- 
try rations not more than 0.02 per cent. 

Considerable research has therefore 
been conducted, especially by the South- 
ern Regional Laboratory of the United 
States Department of Agriculture, to de- 
velop practical methods of processing by 
which cottonseed meal can be made that 
will uniformly have so little free gossy- 
pol that it can be safely fed in large 
amounts to swine and poultry. 44 

In some of the experiments thus far 
conducted, low-gossypol cottonseed meal 
has been satisfactory and has produced 
no injury when fed as the only protein 
supplement to pigs. 45 However, in other 
trials the results have not been good. 40 

By treating ordinary cottonseed 
meal several hours before feeding it with 
a solution containing 3.4 lbs. of ferrous 
sulfate per 100 lbs. of cottonseed meal, 
it was made safe for pigs in Ohio experi- 
ments. 47 This treatment destroys the free 
gossypol or changes it into the inactive 
form. In Mississippi tests merely mixing 
0.3 lb. of dry ferrous sulfate with each 
100 lbs. of a feed mixture high in cot- 
tonseed meal made it safe for pigs. 48 

813. Cottonseed meal for dairy cat- 
tle. — Cottonseed meal is one of the most 
widely-used protein supplements for 
dairy cows, because it is very rich in pro- 
tein, the protein is of satisfactory quality 
for ruminants, and the feed is well liked 
by cattle. Cottonseed meal is usually the 
cheapest source of protein in the south- 
ern states, and is often one of the most 


economical protein supplements in the 
North. 

The experiments reviewed pre- 
viously have shown that no definitely 
poisonous effects are produced even 
when cottonseed meal is fed as the only 
concentrate to cows for long periods, pro- 
vided the roughage is of first-class qual- 
ity. However, it is not wise to feed such 
a ration unless necessary. Instead, cot- 
tonseed meal should ordinarily be com- 
bined with grain and other feeds in the 
usual type of dairy concentrate mixture. 

In Oklahoma and South Carolina 
experiments the feeding of cottonseed 
meal as the only concentrate for long 
periods lowered the fat content of the 
milk and also the solids-not-fat content. 49 
Also, in the South Carolina trials such 
feeding of cottonseed meal for a long 
time seemed to have a detrimental effect 
on the health and reproduction of high- 
producing cows. 

If cottonseed meal or cottonseed 
form too large a part of the concentrates 
fed cows, the butter is apt to be hard, 
sticky, and tallowy. 50 In addition, an ab- 
normally long time is required for churn- 
ing. This effect is reduced when the 
cows have silage or pasture. Contrary to 
the opinion sometimes expressed, heavy 
feeding of cottonseed meal has not in- 
creased the tendency to mastitis in the 
cows, or made the trouble more severe 
in the case of cows affected with the dis- 
ease. 

While cottonseed meal is not quite 
so palatable as linseed meal, it is well 
liked by cattle. Since it does not have the 
conditioning effect of linseed meal, many 
dairymen prefer to use both of these 
feeds as sources of protein in a concen- 
trate mixture, rather than to use cotton- 
seed meal as the only supplement. 
Wheat bran and soybean oil meal are 
also excellent feeds to use along with 
cottonseed meal. Even though the cost 
may be increased by furnishing this 
greater variety, the practice may be pref- 
erable, especially for cows of high pro- 
ductive capacity. 

In Indiana trials cottonseed meal, 
linseed meal, and gluten feed were com- 
pared as supplements to a ration of 
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ground corn, corn silage, and legume 
hay. 51 The amount of each supplement 
was adjusted so that all rations furnished 
the same amount of protein. Thus fed, 
the production on the cottonseed-meal 
ration was fully as high as on the others. 
In a Virginia trial cottonseed meal for 
dairy cows was worth about 90 per cent 
as much as corn gluten meal, which is 
appreciably higher in digestible protein 
and in total digestible nutrients. 52 

When cottonseed meal is cheaper 
per ton than grain, as is sometimes the 
case in the South, it is economical to in- 
clude more of it in the concentrate mix- 
ture than is needed to balance the ration. 
When the proportion of cottonseed meal 
in the concentrate mixture was increased 
from 11 per cent to about 50 per cent in 
Oklahoma experiments, the milk produc- 
tion was slightly higher. 53 Each 100 lbs. 
of additional cottonseed meal was worth 
10 per cent more than the mixture of 
corn, oats, and wheat bran which it 
partly replaced. 

Ordinary cottonseed meal may be 
used satisfactorily in a concentrate mix- 
ture for calves, if the mixture does not 
contain more than about 20 per cent of 
cottonseed meal and if the calves are 
supplied with good roughage, high in 
carotene. For example, in South Caro- 
lina experiments good results were se- 
cured with a calf meal consisting of 20 
lbs. cottonseed meal, 39 lbs. ground yel- 
low corn, 40 lbs. ground oats, and 1 lb. 
salt. 54 After calves are 3 to 4 months 
old, they may be fed larger proportions 
of cottonseed meal with safety. As the 
chief protein supplement in a calf starter, 
cottonseed meal is less satisfactory than 
soybean oil meal, because the quality of 
the protein is not so good. 55 

Too large a proportion of cotton- 
seed meal of the usual kinds, even 40 
per cent, in a mixture for calves is dan- 
gerous, 56 Holstein calves seem to be 
more susceptible to cottonseed meal 
toxicity than Jerseys. 

In a Mississippi experiment a ra- 
tion of cottonseed meal as the only con- 
centrate with hay and silage was not sat- 
isfactory for dairy bulls, while the results 
were good on a mixture of one-third each 



of cottonseed meal, ground corn, and 
ground oats. 57 

814. Cottonseed meal or cake for * 
beef cattle. — In this country cottonseed 
meal and cake are used extensively for 
beef cattle. They are very satisfactory 
supplements and are so rich in protein 
that only relatively small amounts are 
needed to balance rations low in this nu- 
trient. In addition, cottonseed meal and 
eake are so high in phosphorus that they 
serve as phosphorus supplements, as 
well as protein supplements. 

It is shown in Chapter XXVIII that 
when the proper amount of a high-pro- 
tein supplement like cottonseed meal is 
added to a ration deficient in protein for 
fattening cattle, each 100 lbs. of the sup- 
plement will usually be equal in value to 
250 to 300 lbs. of corn or other grain. 

Not only will less feed be required for 
each 100 lbs. gain on the properly bal- 
anced ration, but also the cattle will 
reach a better finish and consequently sell 
for a higher price. 

The experiments summarized else- 
where in this chapter show that when 
cottonseed meal or cake is used as the 
only protein supplement to balance the 
usual rations for fattening cattle, it is 
worth decidedly less per ton than linseed 
oil meal or soybean oil meal. (831, 801) 
However, when cottonseed meal is com- 
bined with linseed meal, the combina- 
tion is worth about as much as linseed 
meal. 

When added to a ration that is 
somewhat too laxative, cottonseed meal 
or cake is superior to linseed meal as the 
supplement for fattening cattle, because 
it tends to counteract the laxative effect. 

For example, in Colorado tests cotton- 
seed cake was a better supplement than 
linseed meal for fattening cattle which 
were fed liberal amounts of wet beet 
pulp and also beet molasses. 58 

Cottonseed cake and pellets are 
widely used as the protein supplement 
for beef cows or growing cattle being 
wintered on the range, 1 lb. per head 
daily being a common allowance. For 
this purpose cottonseed cake or meal has 
been about equal to soybean oil meal or 
linseed meal in Kansas and Mississippi 
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' * ’'experiments, and somewhat lower in liberal amounts of carotene. Unless a rea- 
. k f va ue ' n Oklahoma trials. 59 sonable amount of legume forage is fed, 

% To avoid wastage, cottonseed cake a calcium supplement should be sup- 
or pellets are generally used instead of plied. 

cottonseed meal for beef cattle under If cottonseed meal is lower than 

ranch conditions and for fattening cattle grain in price per ton, it is important to 
in western feed lots where little or no know what its relative value is in corn- 
shelter is provided. In feeding cottonseed parison with corn or other grain, when 
cake as a winter supplement for range more is fed than is required to balance 
cattle, a common practice is to distribute the ration. Several experiments have 
it on the ground, the larger sizes of cake shown conclusively that the gains of fat- 
being preferred. Sometimes a mixture of tening cattle are generally not increased 
cottonseed meal and salt is self-fed, the by feeding a larger proportion of cotton- 
proportion of salt being adjusted so that seed meal than is needed. Also, when 
the cattle will eat the desired amount of cottonseed meal is fed as a grain substi- 
meal. (1170) It makes little differ- tute, each 100 lbs. of cottonseed meal 
ence. whether cottonseed cake or meal is fed beyond the amount needed to bal- 
used when it is fed under shelter and in ance the ration is worth only about as 
feed bunks. much as 96 lbs. of corn, 61 or a trifle less 

In several experiments cottonseed than 100 lbs. of ground barley. 62 
cake has been compared with alfalfa hay If somewhat more cottonseed meal 

as a supplement for calves that were be- is added to a ration that does not contain 
ing wintered on non-legume roughages, quite enough of the meal to balance the 
In these tests each 100 lbs. of cottonseed ration fully, its value will be higher than 
cake, fed at the rate of 1 lb. per calf that of grain. For example, in 2 Texas 
daily, has equalled about 300 lbs. of comparisons calves fed 3.6 lbs. per head 
alfalfa hay in actual feeding value, daily of cottonseed meal, with milo grain 
Where cottonseed cake or meal has been and low-protein roughage, gained 
compared with grain as a supplement to slightly more than others fed 1.6 lbs. cot- 
non-legume roughage for wintering cat- tonseed meal. 63 The additional amount 
tie in similar experiments, it has required 0 f cottonseed meal was worth consider- 
about 2 lbs. of grain to take the place of ably more than milo, pound for pound. 

1 lb. of cottonseed meal. In some experiments in which dif- 

In 2 Oklahoma and 3 Texas trials ferent amounts of cottonseed meal have 
with fattening cattle solvent-process cot- been fed, the gain has been much more 
tonseed meal as the protein supplement rapid on the larger allowances. How- 
produced slightly less rapid gain than ever, in these trials the total amount of 
hydraulic-process cottonseed meal. 60 concentrates (grain plus cottonseed 
Somewhat more feed was required per mea l) has been greater. The increase in 
100 lbs. gain with the solvent cottonseed the rate of gain was thus due to the 
meal, and it was worth decidedly less per larger amount of total concentrates, and 
ton than the hyraulic meal. not to any superiority of cottonseed meal 

815. Feeding large amounts of cot- over grain, when fed merely as a grain 
tonseed meal. — In the southern states substitute. 

cottonseed meal is often cheaper per ton Since legume hay is rich in protein, 

than corn or other grain, and it is then it is best to use it in combination with 
frequently fed to fattening cattle as the such roughage as corn or sorghum silage 
only or the chief concentrate. If care is or fodder or else cottonseed hulls for fat- 
taken to provide an ample supply of tening cattle that are fed protein-rich 
carotene and of calcium, cattle can or- cottonseed meal as the only or the chief 
dinarily be fed large amounts of cotton- concentrate. In Texas trials very poor re- 
I seed meal with good results, and without suits were secured when peanut or al- 

I any injury whatsoever. Well-cured hay, falfa hay was fed to steers with 5 lbs. of 

I good silage, or green pasture all supply cottonseed meal per head daily. 64 When 
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shelled corn was substituted for a part 
of the cottonseed meal or when prairie 
hay was fed in place of the legume hay, 
the gains became normal. 

Cottonseed meal or cake should not 
ordinarily be used as the only concen- 
trate for fattening calves, as they then 
tend to grow rather than fatten. 65 The 
results are better when they are fed not 
more than 8 to 10 lbs. of cottonseed meal 
per head daily, along with some grain. 

Years ago the most common ration 
for fattening cattle in the South was cot- 
tonseed meal and cottonseed hulls, with- 
out any hay or silage. On this restricted 
ration cattle will usually make satis- 
factory gains for 2 or 3 months, but later 
they are apt to become unthrifty and 
suffer from the effects of the vitamin de- 
ficiency. This can be prevented by add- 
ing to the ration enough well-cured hay 
or good silage. 

Therefore, for breeding cattle or for 
fattening cattle which are to be fed for 
several months, it is important to feed 
carotene-rich roughage along with a ra- 
tion of cottonseed meal and hulls. Even 
in the case of cattle that are to be fat- 
tened for only 100 days or less, better 
results will usually be secured if a 
limited amount of good hay or silage is 
supplied. 

816. Cottonseed meal or cake for 
sheep, — Cottonseed meal or cake is an 
excellent protein supplement for fatten- 
ing lambs or for breeding sheep. Differ- 
ing somewhat from the results with 
fattening cattle, cottonseed meal is prac- 
tically equal to linseed meal or soybean 
oil meal for fattening lambs, if consider- 
able legume hay is fed and if no more of 
the supplement is used than is actually 
needed. Since high-grade cottonseed 
meal is richer than linseed meal in pro- 
tein, slightly less of it is required to bal- 
ance a ration. 

In 19 experiments cottonseed meal 
has been directly compared with linseed 
meal as the protein supplement to ra- 
tions of corn grain and legume hay, with 
com silage in addition in some cases. 66 
The lambs fed cottonseed meal have 
made about as rapid gains as those fed 
linseed meal and there has been no ap- 


preciable difference in the amounts of 
feed required per 100 lbs. gain or in the 
selling price of the lambs. On the other 
hand, in 6 comparisons in which only a 
trifle of legume hay was . fed with corn 
silage and oat straw as the chief rough- 
ages, cottonseed meal was worth about 
88 per cent as much per ton as linseed 
meal. 67 

Cottonseed meal is excellent as the 
only protein supplement for wintering 
breeding ewes. In Oklahoma tests the 
results were satisfactory when as much as 
0.5 lb. per head daily was fed with 
prairie or alfalfa hay. 68 

In the southern and southwestern 
states cottonseed meal, when low in 
price, is sometimes fed as the only con- 
centrate to fattening lambs. If more cot- 
tonseed meal is fed than is needed to 
balance the ration, the additional amount 
is usually worth no more per pound than 
corn or other grains, and may be worth 
even less. In 4 Texas trials fattening 
lambs fed 1.2 lbs. cottonseed cake a day, 
with alfalfa hay for roughage, gained 
slightly less than others fed sorghum 
grain, alfalfa hay, and 0.16 lb. Cotton- 
seed cake. 69 Each 100 lbs. of additional 
cottonseed cake fed the first lots was 
worth only about 90 per cent as much as 
sorghum grain. The results were similar 
in Oklahoma trials in which fattening 
lambs were fed a large amount of cotton- 
seed meal and a little corn, with alfalfa 
hay for roughage. 70 

When sheep are fed large amounts 
of cottonseed meal, there is danger of 
“cottonseed meal injury,” unless they get 
plenty of good legume hay or other 
roughage rich in carotene. For example, 
lambs can be successfully fed cottonseed 
meal as the only concentrate with alfalfa 
hay for 90 to 100 days, but when cotton- 
seed meal has been fed with cottonseed 
hulls as the only roughage for the entire 
fattening period, some lambs have 
died. 71 

817. Cottonseed meal for horses 
and mules. — Cottonseed mea} is often 
used, especially in the South, Its the pro- 
tein supplement for hotses and mules, 
and gives satisfactory results if not more 
than about 1 to 1.5 lbs. are fed daily per 
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£ 1,000 lbs. live weight. 72 Sometimes even 
%larger amounts have been fed success- 
fully. 73 

When cottonseed meal is added to 
a ration low In protein, it is worth con- 
siderably more per pound than corn or 
other grain. Sufch balancing of the ra- 
tion improves the condition and appear- 
ance of the horses or mules. Using 
cottonseed meal as a large part of the con- 
centrates is not safe, as it may cause seri- 
ous digestive disturbances because of its 
heavy nature. Also, it may be poisonous 
when too much is fed. Only good-quality 
cottonseed meal should be fed to horses . 
or mules. 

.If more than 1.0 to 1.5 lbs. daily of 
cottonseed meal are fed, it is a good plan 
to mix it with a bulky feed, such as oats, 
bran, or corn-and-cob meal. It is best to 
feed not over one-fourth pound per head 
daily at first and then gradually to in- 
crease the allowance as the horses be- 
come accustomed to it. 

818. Cottonseed meal for swine. — 
It is not safe to use ordinary cottonseed 
meal as the only protein supplement in 
swine feeding, because of the danger of 
gossypol poisoning. However, excellent 
results are secured when the amount of 
cottonseed meal is strictly limited and it 
is combined with supplements which 
supply protein of better quality. When 
pigs are fed soybeans or peanuts, the fact 
that cottonseed meal tends to make hard 
fat may be of distinct advantage in coun- 
teracting the effect of feeds, such as soy- 
beans and peanuts, which produce soft 
pork. 

Extensive investigations, especially 
experiments at the Ohio and Texas Sta- 
tions, have shown that swine rations 
should not contain more than about 9 to 
10 per cent of cottonseed meal and that 
they should provide protein of good 
quality and plenty of vitamins and cal- 
cium. 74 When thus fed cottonseed meal 
is even satisfactory in rations for brood 
sows. If too much cottonseed meal is fed, 
disaster may result, even when the other 
feeds in the rations supply an abundance 
of carotene and calcium. 

In some cases pigs have been fed 
rations containing as much as 30 per cent 


cottonseed meal without injury, because 
the cottonseed meal happened to be low 
in gossypol. However, feeding such a ra- 
tion is very hazardous. 

A combination of one-half to two- 
thirds cottonseed meal and the remain- 
der tankage, meat scrap, or fish meal is 
an excellent supplement to corn or other 
grain for pigs or brood sows that are on 
pasture. When no more of such a mix- 
ture is fed than is needed to balance the 
ration, the proportion of cottonseed meal 
is kept within limits that are safe, and 
the animal by-products make good the 
deficiencies in the quality of protein in 
the grains and in cottonseed meal. Un- 
less the mixture contains at least one-half 
tankage or fish meal, a calcium supple- 
ment should be fed, since cottonseed 
meal is low in this mineral. For swine 
that are not on pasture, some legume hay 
should be added to a ration of grain, 
cottonseed meal, and tankage or fish 
meal, in order to provide an abundant 
supply of vitamins. This is especially 
necessary where grains other than yel- 
low corn are fed. 

The excellent results that are se- 
cured when cottonseed meal is fed in 
combination with tankage or fish meal 
are shown by many experiments, both 
with pigs in dry lot and with pigs on pas- 
ture. In 25 comparisons pigs gained 1.52 
lbs. per head daily when fed a combina- 
tion of cottonseed meal and tankage as 
the protein supplement to gram, in com- 
parison with 1.44 lbs. for others fed tank- 
age as the only supplement. 75 In these 
experiments 100 lbs. of cottonseed meal 
were equal in value to 65 lbs. corn plus 
43 lbs. tankage. In 13 similar experi- 
ments in which a combination of cotton- 
seed meal and fish meal has been 
compared with fish meal as the only sup- 
plement, the cottonseed meal has had a 
similarly high value. 76 A combination of 
half cottonseed meal and half soybean 
oil meal is , usually fairly satisfactory. 

Cottonseed meal is a satisfactory 
substitute for linseed meal in the trio 
supplemental mixture for pigs not on pas- 
ture, which consists of 50 lbs. tankage or 
meat scrap, 25 lbs. linseed meal and 25 
lbs. chopped or ground legume hay. 
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However, in 10 experiments in which the 
cottonseed-meal trio mixture has been di- 
rectly compared with the linseed-meal 
trio mixture for young pigs in dry lot, the 
results have been slightly better on the 
latter. 77 

While low-gossypol cottonseed meal 
or that which has been treated with fer- 
rous sulfate to destroy the free gossypol 
has not been satisfactory as the only pro- 
tein supplement for growing and fatten- 
ing pigs, in Florida experiments it 
produced nearly as good results as did soy- 
bean oil meal, when used as the supple- 
ment for sows on pasture. 78 For swine, 
even low-gossypol cottonseed meal 
should be fed in combination with meat 
scrap, tankage, fish meal, or soybean oil 
meal, which have more lysine. 

819. Cottonseed meal for poultry. 
— In the southern states, where cotton- 
seed meal is frequently the cheapest pro- 
tein-rich feed, it is often used in poultry 
rations. Extensive experiments have 
therefore been conducted to determine 
the extent to which cottonseed meal can 
be used satisfactorily for poultry. 79 

Ordinary cottonseed meal can re- 
place part of the meat scrap or other 
protein supplements of animal origin that 
would be needed to balance the ration. 
However, it should not be used as the 
chief protein supplement, because the 
quality of the protein is not high and also 
because of possible detrimental results. 

If the ration of laying hens has more 
than about 5 per cent of ordinary cot- 
tonseed meal, the yolks of the eggs are 
apt to develop an olive green or brown 
color and the albumen a pinkish color 
on storage. Cottonseed meal processed 
so that it is very low in free gossypol can 
be fed in larger amounts to hens without 
injuring the storage quality of the eggs. 
Such cottonseed meal can be used satis- 
factorily as the chief protein supplement 
for chicks, in combination with some fish 
meal, meat scrap, dairy by-products, or 
soybean oil meal, and if sufficient vita- 
mins and calcium are provided. 


820, Cottonseed feed. — Cottonseed 
feed, which usually contains less than 36 
per cent protein, is not only lower in protein 
than cottonseed meal, but it is also higher in 


fiber and lower in total digestible nutrients. 
This is because it contains an appreciable 
proportion of hulls. Cottonseed feed is some- 
times sold for but a few, -dollars a ton less 
than the best grades of cojtonfed meal. It 


is therefore important to'' J noli the fiber 
guarantee for any lot of (^fon|ped meal or 
cottonseed feed. 

One can determine apprpSiately the 
proportion of additional hulls m a sample 


hately the 
a sample 


proportion or additional nuns m a sample 
of cottonseed feed by comparing its fiber 
guarantee with the average fiber figures 
shown in Appendix Table I for high-grade 
cottonseed meal and for cottonseed hulls. 
By appearance alone it is impossible to dis- 
tinguish good cottonseed meal from finely 
ground cottonseed feed. 

Cottonseed feed may be an entirely 
legitimate product, for it is sometimes im- 
possible to separate thoroughly the hulls of 
certain kinds of cottonseed from the kernels. 
However, such feed should be bought at a 
price corresponding to its actual value. In a 
Pennsylvania test cottonseed meal was a 
much more economical supplement than 
cottonseed feed for fattening cattle, though 
the price of the cottonseed feed was 19 per 
cent less a ton. s0 


821. Whole-pressed cottonseed. — This 
by-product is made by pressing the whole 
cottonseed, including the hulls, in oil ex- 
pellers. Since it contains all the hulls, it is 
much lower in protein and higher in fiber 
than cottonseed meal and has a correspond- 
ingly lower value. Generally, it is guaranteed 
to contain 28 per cent protein and has 22 to 


25 per cent fiber. A safe basis of valuing this 
feed is to estimate from the guaranteed corn- 


feed is to estimate from the guaranteed com- 
position the amount of cottonseed meal and 
of hulls there are in each ton, and value 
each at the local price. Thus, a ton of whole- 
pressed cottonseed having 28 per cent pro- 
tein will be about equal to 1,200 lbs. of 43 
per cent protein cottonseed meal and 800 
lbs. of cottonseed hulls. 

Whole-pressed cottonseed may be fed 
to stock in the same manner as cottonseed 
meal or cake. In 4 Texas trials it was worth 
73 per cent as much per ton as 41 per cent 
protein cottonseed cake for fattening cattle. 81 

822. Cottonseed. — Commonly but little 
cottonseed is fed to stock, but instead 
farmers sell the seed to the oil mills and buy 
cottonseed meal. This is both on account of 
the value of the oil and because cottonseed 
meal usually gives better results as a stock 
feed. However, when the price for cotton- 
seed is unusually low in comparison with 
that of cottonseed meal, it is an economical 
feed. Animals fed too large amounts of cot- 
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L ‘ tonseed may scour badly, on account of tlie 
| , », Jarge amount of oil. There is no advantage 

i’ \ in grinding cottonseed for cattle, and it is 
F ^ ^ difficult to apncUffc in some mills because of 
5 J the high oifeor^&it. 

3 Cottoi®&d|^pplies only about half as 

much dige|K)le^’otein per pound as does 
41 per cej^ profc&in cottonseed meal, but it 
has oneTa&pJh more total digestible nutri- 
ents, because' it is so rich in fat. 
i In trials: with dairy cows it has required 

171 to 206 lbs. of cottonseed to equal 100 
lbs. of cottonseed meal. 82 In a Mississippi 
test whole cottonseed, fed in a dairy con- 
centrate mixture, was slightly superior to a 
mixture of 4 parts ground corn and 3 parts 
cottonseed meal. 83 Because of the high fat 
content of cottonseed, the fat percentage of 
the milk was increased slightly. It is some- 
times difficult to get cows to eat the seed, 
unless a more palatable feed, such as ground 
corn or wheat bran, is mixed with it. Cotton- 
seed has an even more marked hardening 
effect than cottonseed meal on the character 
of butter. 

For fattening cattle cottonseed is an eco- 
nomical substitute for part or all of the 
cottonseed meal in a ration when it is 
decidedly cheaper in price. In Texas and 
Arizona experiments it required 103 to 140 
lbs. of cottonseed to equal 100 lbs. of cotton- 
seed meal in value. 84 

In other Texas trials where cottonseed 
was fed as a substitute for one-third the 
ground milo grain in a ration for fattening 
cattle, the cottonseed was worth 48 per cent 
more a ton than milo. 8S Feeding as much 
as 6 lbs. a day to fattening cattle did not 
cause scours. 

Though cottonseed is rarely fed to 
sheep, the results were satisfactory in Texas 
tests when 0.4 to 0.6 lb, cottonseed per head 
daily was fed to fattening lambs as the pro- 
tein supplement, or as a substitute for part 
of the grain, 86 The results were poor on a 
ration of only cottonseed and cottonseed 
hulls. 

Immature cottonseed, or bolly cotton- 
seed, is much lower in protein and fat than 
mature seed. Its feeding value is correspond- 
ingly less, 

823. Gin trash. — Gin trash, a by- 
product from cotton gins, is composed 
mostly of fragments of burs and stems, with 
small amounts of immature cottonseed, lint, 
leaf fragments, and dirt. In a Texas trial 
gin trash, fed with sorghum grain, alfalfa 
hay, and cottonseed meal, was fully equal 
to cottonseed hulls for fattening cattle. 87 In 
a Mississippi trial it was satisfactory for 


wintering beef steers when fed in addition 
to silage and I lb. cottonseed meal per head 
daily, but it did not give good results as the 
only roughage. 88 

824. Cottonseed hulls. — Cotton- 
seed hulls are one of the important 
roughages in the South, especially for 
cattle, to which they are chiefly fed. 
They are also sometimes fed to sheep or 
work stock. Cottonseed hulls supply 43.7 
per cent of total digestible nutrients, 
which is about as much as is furnished 
by late-cut grass hay or by oat straw. 
The hulls are very low in protein and 
practically none of it is digestible. The 
hulls are also low in calcium, are very 
low in phosphorus, and are lacking in 
carotene. 

To correct their deficiencies, cotton- 
seed hulls should be fed with protein- 
rich feeds and as only part of the rough- 
age, along with good-quality legume hay 
or other forage that will supply the caro- 
tene and the minerals in which they are 
deficient. Unless they are fed with con- 
siderable legume hay, a calcium supple- 
ment should be used, such as ground 
limestone or oyster shells. Also, a phos- 
phorus supplement should be added, un- 
less sufficient of this mineral is furnished 
by a phosphorus-rich protein supple- 
ment, such as cottonseed meal. 

When properly fed, cottonseed hulls 
are generally about equal in value to fair- 
quality grass hay and are worth more per 
ton than corn or sorghum stover, straw, 
or poor hay. The hulls are well liked by 
cattle, even when fed as the only rough- 
age. 

Cottonseed hulls are usually fuzzy, 
due to short lint which remains on the 
seed. Sometimes this lint is removed 
from the seed at the oilmills for paper 
making and other purposes, and the hulls 
from such seed are ground, being then 
called cottonseed hull hran. Though 
finely ground, the value of the product 
is not appreciably greater than that of 
ordinary hulls. 

825. Cottonseed hulls for dairy cat- 
tle, — Because of their nutritive deficien- 
cies, cottonseed hulls should not be fed 
to dairy cattle as the only roughage over 
long periods. They should be fed with 
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some well-cured hay (especially legume 
hay) or good silage in addition, or to cat- 
tle which are on good pasture a con- 
siderable part of the time. If cottonseed 
hulls are used as the chief roughage, a 
calcium supplement should be fed. 

When cottonseed hulls were fed in 
Louisiana tests with silage and a concen- 
trate mixture supplying plenty of protein 
and calcium, they were superior to late- 
cut Bermuda grass and carpet grass hay 
for dairy cows and nearly equal to good 
Bermuda grass hay. 89 In other experi- 
ments cottonseed hulls were worth some- 
what less per ton than good com stover, 
Bermuda grass hay, Johnson grass hay, 
Sudan grass hay or sorghum hay for 
dairy cows or heifers. 90 

When bulky concentrates, such as 
oats and wheat bran, are not available 
or are high in price, cottonseed hulls may 
be useful to increase the bulkiness of a 
mixture of heavy concentrates. 

826. Cottonseed hulls for beef cat- 
tle. — Cottonseed hulls are used exten- 
sively for beef cattle in the South and 
are a satisfactory roughage if the ration 
provides sufficient protein, minerals, and 
carotene. Instead of being fed as the only 
roughage, cottonseed hulls had best be 
fed with silage or with well-cured hay, 
especially legume hay. Unless some leg- 
ume hay is fed, a calcium supplement 
should be used. 

When cottonseed hulls replaced 
part of the alfalfa hay in rations for fat- 
tening cattle, they were worth about two- 
thirds as much as the hay in Texas 
trials. 91 Adding the hulls to the ration 
helped prevent bloat. In New Mexico 
tests cottonseed hulls, fed with alfalfa 
hay, were not equal to ground hegari 
fodder for fattening cattle. 92 In other ex- 
periments cottonseed hulls have been 
worth somewhat less than prairie hay, 
Johnson grass hay, or peanut hay. 93 

In 9 Florida and Mississippi tests 
100 lbs. of cottonseed hulls were equal 
to 273 lbs. of sorghum silage, but in 4 
Georgia trials 100 lbs. of hulls were only 
worth as much as 126 lbs. of corn-and- 
sorghum silage. 94 

Years ago, cattle were commonly 


fattened in the South on nothing but cot- 
tonseed meal and cottonseed hulls. How- 
ever, if this ration is continued for any 
long period, the results are often poor, 
because of the deficiencies that have 
been discussed earlier in this chapter. 
(810-811) Even during the usual fatten- 
ing period, the results are considerably 
improved if well-cured hay or good si- 
lage is added to this ration to furnish 
carotene, and also a calcium supplement, 
unless legume hay is fed. When hay or 
silage is not available, even the calcium 
supplement alone is beneficial, though 
the cattle will be affected by the vitamin 
deficiency if the ration is continued too 
long. 

If cattle have been on excellent pas- 
ture before being placed in the feed lot 
for fattening, they may do surprisingly 
well on a ration of only cottonseed meal 
and cottonseed hulls plus minerals. This 
is because they will then have a consider- 
able store of vitamin A in their bodies. 
Cattle a year old or more will do much 
better than calves on cottonseed meal 
and hulls alone. In South Carolina exper- 
iments 700-lb. steers gained as rapidly 
for 100 to 150 days on cottonseed meal 
and hulls as on shelled corn and alfalfa 
or lespedeza hay and showed no evi- 
dences of nutritive deficiencies. 95 

827. Cottonseed hulls for sheep. — 
Cottonseed hulls are less useful for sheep 
than for cattle. In 3 New Mexico trials 
when cottonseed hulls replaced part of 
the alfalfa hay in a ration for fattening 
lambs, the gains were reduced decidedly 
and the hulls had a very low value. 96 In 
Kentucky trials lambs gained appreciably 
less when fed a mixture of corn, cotton- 
seed meal, and cottonseed hulls, with a 
little alfalfa meal and molasses, than on 
a simple ration of alfalfa hay and corn. 97 
Thus fed, the hulls were worth only 
about one-third as much as hay. 

In the southern states fattening 
lambs are sometimes fed cottonseed hulls 
as the only or the chief roughage, with 
grain and cottonseed meal or with cot- 
tonseed meal as the sole concentrate. 
Such a ration produces much less rapid 
gains than grain and legume hay, and if 
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it is continued for more than about 60 
days injury may result, due chiefly to the 
lack of carotene and of calcium. 98 

III. Flaxseed; Linseed Meal 
and Cake; Other Flax 
By-products 

828. Flaxseed. — In this country flax 
( Lininn iisitatissimum ) is grown almost 
entirely as a cash crop for the production 
of linseed oil from the seed. Our flax fiber 
is nearly all imported from countries 
where the cost of labor is lower, for 
much hand labor is required in the pro- 
duction and preparation of flax fiber of 
the best quality. 

•Most of our flaxseed is grown in the 
Dakotas and Minnesota. A smaller acre- 
age is raised in Montana and Texas and 
under irrigation in California, with small 
amounts being grown elsewhere. During 
the past few years the acreage harvested 
in this country has ranged from 3,303,- 
000 to 5,663,000 acres, with average 
yields per acre of 7.3 to 9.8 bushels, 
weighing 56 lbs. Some flaxseed is im- 
ported into the United States, especially 
from Argentina, and processed here for 
linseed oil. 

But very little flaxseed is fed to live- 
stock, because of its high value for lin- 
seed oil production. However, ground 
flaxseed is entirely satisfactory as a pro- 
tein supplement in place of linseed meal. 
Though it contains only two-thirds as 
much protein as linseed meal, it is one 
of the richest of feeds in total digestible 
nutrients. On account of its high oil con- 
tent (which averages 35.9 per cent), it 
supplies more than 100 lbs. total digesti- 
ble nutrients per 100 lbs. (including di- 
gestible fat multiplied by 2.25). 

In feeding experiments with fatten- 
ing cattle, fattening lambs, and pigs 
ground flaxseed has usually been equal 
or slightly superior to linseed meal in 
feeding value." If too much flaxseed is 
fed to pigs, soft pork may be produced. 
Ground flaxseed is sometimes used as an 
ingredient in calf meals. 

It is of interest to note that the re- 
serve food stored in flaxseed is largely oil 
and pentosans, no starch grains being 


found in well-matured seed. Very rarely 
flaxseed may contain a compound (a 
glucoside) which, when acted upon by 
an enzyme in the seeds, yields the poi- 
son, prussic acid. This enzyme is de- 
stroyed by the heat to which the ground 
flaxseed is ordinarily subjected in oil ex- 
traction. In making gruel or mash from 
untreated flaxseed, it is advisable to use 
boiling water and keep the mass hot an 
hour or two, to destroy any prussic-acid- 
forming enzyme in the seed. 

829. Linseed meal or cake. — Lin- 
seed oil is now produced in this country 
by all three oil-milling methods — the hy- 
draulic, or so-called “old process;” the ex- 
peller, or screw-press method; and the 
solvent process. (794) The linseed cake 
produced in the hydraulic process is 
commonly ground to form linseed meal, 
or is ground more coarsely to make nut- 
size or pea-size linseed cake. Sometimes 
solvent-process linseed meal is pelleted 
in various sizes. 

In this book the term linseed meal 
will generally be used for both linseed 
meal and linseed cake. Linseed meal or 
cake is sometimes called merely oil meal 
or oil cake . These terms should therefore 
always mean the linseed product, unless 
another designation is used, as soybean 
oil meal, for example. 

Linseed meal is one of the most 
popular protein supplements in this 
country. Its popularity is due not only 
to its richness in protein, but even more 
to its palatability and to its slightly laxa- 
tive effect, which aids in keeping stock 
healthy. Also, it seems to have a condi- 
tioning effect on stock. 

Linseed meal is excellent as the 
only protein supplement for dairy cattle, 
beef cattle, sheep, and horses. Because 
of its laxative nature, linseed meal is of 
especial value when little or no legume 
hay is fed and the roughage is of rather 
poor quality. Linseed meal is highly es- 
teemed in fitting cattle for show or sale, 
for it aids in producing bloom and in 
making the hide mellow and the hair 
glossy. 

For swine and poultry linseed meal 
should be used in combination with an- 
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other protein supplement which provides 
protein of better quality, such as meat 
scrap, tankage, fish meal, or dairy by- 
products. As is pointed out later, linseed 
meal has little usefulness in poultry feed- 
ing. 

On account of its popularity, lin- 
seed meal is often a more expensive 
source of protein than some of the other 
protein supplements. It should then not 
be fed as the only protein supplement, 
but should be combined with the cheaper 
supplements and used for its particular 
laxative and conditioning effects. 

Linseed meal made by the hy- 
draulic or the expeller process from 
North American flaxseed usually has at 
least 34 per cent protein, and has 4 to 5 
per cent of fat. Solvent-process linseed 
meal is generally guaranteed to have 36 
per cent protein, but has an average of 
only 1.0 per cent fat. While it is higher 
than hydraulic or expeller linseed meal 
in digestible protein, it is appreciably 
lower in total digestible nutrients. Lin- 
seed meal made from Argentine flaxseed 
may not have over 30 to 31 per cent 
protein, as the flaxseed raised there is 
lower in protein. 

Linseed meal or cake is sold pri- 
marily on the basis of its protein content, 
and the percentage of protein should be 
stated definitely in the trade name of the 
meal. For example, linseed meal guar- 
anteed to contain 34 per cent protein is 
called “34-per cent-protein linseed meal.” 
Separate averages are given in Appendix 
Table I for the various grades of linseed 
meal. 

The protein of linseed meal does 
not effectively supplement the protein of 
corn or other grains for non-ruminants. 
In this respect it is of lower value than 
the protein in well-cooked soybean oil 
meal. (122-123) Linseed meal has a 
fair calcium content, averaging 0.37 per 
cent, and is rich in phosphorus, with an 
average of 0.86 per cent. Linseed meal 
does not supply carotene or vitamin D, 
but has a fair content of the B-complex 
vitamins. 

830. Linseed meal for dairy cattle. 
— Linseed meal is one of the most popu- 
lar dairy feeds, because of its richness in 


protein and particularly because of its 
palatability and its conditioning and 
slightly laxative effects. For these rea- 
sons, many dairymen include at least 5 
to 10 per cent of linseed meal in the con- 
centrate mixture they feed their cows, 
even when other feeds, such as cotton- 
seed meal or gluten feed, are cheaper 
sources of protein. Linseed meal is es- 
pecially valuable when there is no succu- 
lent feed in the ration and little or no 
legume hay. It is likewise widely used as 
part of the concentrate mixture for cows 
on official test and in preparing cows for 
freshening. Linseed meal is also excel- 
lent for dairy calves and heifers. 

Experiments have shown that when 
linseed meal is fed with good-quality 
roughage, so that its conditioning effect 
is not needed, it is worth slightly less per 
ton than cottonseed meal as a source of 
protein, because it is lower in digestible 
protein. 100 On the other hand, with poor 
roughage linseed meal would be worth 
more per ton than cottonseed meal. Lin- 
seed meal tends to produce soft butter, 
and therefore improves rations that 
would otherwise produce a hard, tallowy 
product. 

In 2 Ohio trials solvent-process lin- 
seed meal was about equal to expeller- 
process as the protein supplement for 
dairy cows. 101 The hair of the cows fed 
the solvent oil meal was as glossy as that 
of the cows fed the expeller oil meal, and 
in this and in a Wisconsin test there was 
no difference in the palatability of the 
concentrate mixtures containing the dif- 
ferent oil meals. 102 

831. Linseed meal for beef cattle. 
— Throughout the northern states lin- 
seed meal and mixtures including linseed 
meal are widely used as protein supple- 
ments for beef cattle. Linseed meal is of 
particularly high value for fattening cat- 
tle, because it produces rapid gains and 
excellent finish. Cattle fed linseed meal 
usually have a trifle sleeker coats than 
those fed other common protein supple- 
ments. They therefore tend to sell for a 
slightly higher price on the large mar- 
kets, though the actual value of their car- 
casses may be no greater. Because of 
this conditioning effect, linseed meal is 
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commonly included in concentrate mix- 
tures for cattle that are being fitted for 
show or for sale. Linseed meal is also 
excellent for young stock or breeding cat- 
tle. 

Although cottonseed meal is richer 
than linseed meal in protein, linseed meal 
usually has a decidedly higher value per 
ton when fed as the only protein supple- 
ment to fattening steers, if the cattle are 
sold on a discriminating market. In 42 
experiments fattening cattle fed linseed 
meal as the only supplement gained an 
average of 2.29 lbs. per head daily, while 
those fed cottonseed meal averaged 2.20 
lbs. 103 The cattle fed linseed meal also 
required slightly less feed per 100 lbs. 
gain. Considering only this factor, cotton- 
seed meal would have been worth about 
89 per cent as much as linseed meal in 
these trials. 

However, in nearly all of the experi- 
ments the cattle that had been fed lin- 
seed meal sold for a slightly higher price, 
either because of better finish or a sleeker 
appearance. On the average, there was 
a difference of 16 cents per hundred- 
weight in selling price in favor of the 
linseed-meal-fed cattle. Though this dif- 
ference may seem small, it is of impor- 
tance, because it applies to the entire 
weight of the cattle when they are mar- 
keted. 

Primarily because of this difference 
in average selling price, the average net 
return per head over cost of feed was 
distinctly higher for the cattle fed lin- 
seed meal, even though the cost of the 
linseed meal was $4,09 per ton higher 
than that of the cottonseed meal. 

Taking both the difference in selling 
price and the difference in amounts of 
feed required per 100 lbs. gain into con- 
sideration, in these experiments it would 
have been necessary to buy cottonseed 
meal at only 62 per cent of the price of 
linseed meal to make an equal net profit 
per head. 

These experiments do not mean that 
cottonseed meal is not satisfactory as the 
only protein supplement for fattening 
cattle. However, they show that linseed 
meal produces slightly more rapid gains 
and appreciably better finish. When the 


cattle are sold on a discriminating mar- 
ket, the difference in selling price is suffi- 
cient to give a decidedly higher value 
per ton to linseed meal, because only a 
relatively small amount of supplement 
is needed to balance most rations. 

In contrast to these results with fat- 
tening cattle, are Kansas experiments in 
which beef calves or yearlings were 
wintered on Atlas sorghum silage, or sor- 
ghum silage and prairie hay, supple- 
mented with 1 lb. per head daily of lin- 
seed meal, cottonseed meal, or soybean 
oil meal, 104 The cattle made slightly bet- 
ter gains on cottonseed meal or soybean 
oil meal than on linseed meal, perhaps 
because 1 lb. a day of linseed meal did 
not supply as much protein as the same 
weight of the other supplements. When 
the other feeds in a ration are very laxa- 
tive, cottonseed meal will also be su- 
perior to linseed meal, as has been men- 
tioned previously. (814) 

Solvent-process linseed meal is of 
only slightly lower value than expeller- 
process or hydraulic-process linseed meal 
for fattening cattle. In 5 experiments fat- 
tening cattle fed solvent-process linseed 
meal as the protein supplement gained 
an average of 2.08 lbs. a day, in compari- 
son with 2.15 lbs. for others fed that 
made by the expeller or the hydraulic 
process. 105 

832. Combining cottonseed meal 
and linseed meal. — Some years ago, after 
the author and associates had compared 
cottonseed meal and linseed meal in ex- 
periments with fattening steers, it oc- 
curred to him that a mixture of one-half 
linseed meal and one-half cottonseed 
meal might be fully equal to linseed meal 
alone. Accordingly, experiments were 
conducted at the Wisconsin Station to 
study this question, and similar tests were 
carried on later at the Iowa and Kansas 
Stations. 106 In 9 trials the gains were 
fully as rapid on the combination of cot- 
tonseed meal and linseed meal as on lin- 
seed meal fed as the only supplement. 
Though the selling price averaged 13 
cents per hundredweight higher on the 
latter ration, slightly less feed was re- 
quired per 100 lbs. gain on the mixed 
supplement. Considering all factors, the 
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average value per ton of the cottonseed 
meal-linseed meal mixture was 97 per 
cent that of linseed meal. 

These trials show that although un- 
der most conditions linseed meal is con- 
siderably superior to cottonseed meal as 
the only supplement for fattening cattle, 
a mixture of these two supplements is 
practically equal to linseed meal in 
value. 

833 . Linseed meal for sheep. — Lin- 
seed meal is deservedly a very popular 
protein supplement for fattening lambs 
and the breeding flock. Because of the 
excellent results secured with linseed 
meal, it may well be taken as the stand- 
ard with which other supplements are 
compared. 

As has been shown earlier in this 
chapter, when there is considerable leg- 
ume hay in the ration, cottonseed meal is 
practically equal to linseed meal as a 
protein supplement for fattening lambs. 
( 816 ) However, if the lambs are fed lit- 
tle or no legume roughage, linseed meal 
is superior. 

In a Minnesota trial with fattening 
lambs there was no appreciable differ- 
ence in the value of linseed meal made 
by the hydraulic, the expeller, or the sol- 
vent process, and in a Nebraska trial sol- 
vent and expeller linseed meals were of 
equal value. 107 

834 . Linseed meal for horses and 
mules. — Linseed meal is an excellent 
protein supplement for horses and mules. 
It is especially useful, because of its lax- 
ative and tonic properties, for bringing 
into condition rundown horses with 
rough coats, and it gives bloom and 
finish in fitting horses for show or sale. 

Not over 1 to 1.5 lbs. of linseed 
meal per head daily are needed to bal- 
ance such a ration as corn and timothy 
hay. In an Iowa test a mixture of 1 part 
of linseed meal to 16 parts of corn and 
oats was very satisfactory for feeding 
with timothy hay to horses at hard 
work. 108 Too large a proportion of lin- 
seed meal is unduly laxative for hard- 
worked horses. 

835 . Linseed meal for swine. — Lin- 
seed meal is an excellent protein supple- 


ment for swine, when it is fed in com- 
bination with such animal by-products 
as tankage, fish meal, or skimmilk. For / 
example, it produces excellent results 
when used in trio-type mixtures for pigs 
not on pasture, discussed in Chapter 
XXXIV. If used as the only protein sup- 
plement to corn or other grain in swine 
feeding, linseed meal is much less effi- 
cient than feeds that supply protein of 
better quality. 

Linseed meal produces fairly satis- 
factory results when fed as the only pro- 
tein supplement to growing and fatten- 
ing pigs on good pasture, but the gains 
are less rapid than when a more efficient 
supplement is used. In 9 experiments 
59-lb. pigs fed corn and linseed meal on 
alfalfa pasture or rape pasture gained 
1.29 lbs. per head daily, while others fed 
corn and tankage gained 1.34 lbs. 109 
When linseed meal was thus fed, it was 
worth about 55 per cent as much per 
ton as tankage. 

Such a ration as corn and linseed 
meal is decidedly unsatisfactory for 
young pigs not on pasture, even if a cal- 
cium supplement is added to correct the 
lack of this mineral in both grain and lin- 
seed meal. For example, in 5 experi- 
ments pigs thus fed gained only 1.08 lbs. 
per head daily, while others fed corn and 
tankage gained 1.37 lbs. 110 In these trials 
100 lbs. of linseed meal were worth only 
as much as 66 lbs. tankage minus 100 
lbs. corn. 

Even for well-grown pigs, linseed 
meal is not efficient when fed as the only 
protein supplement to corn or similar 
grain. Where no animal by-products, like 
tankage, fish meal, or dairy by-products, 
are available to feed with linseed meal 
and grain to pigs not on pasture, much 
better results will generally be secured if 
legume hay is added to the ration, even 
when the grain is yellow corn. 111 How- 
ever, in the case of young pigs, the gains 
will be much less rapid and economical 
on a ration of com, linseed meal, and al- 
falfa hay than when tankage or some 
other animal by-product is included in 
the ration. 

Linseed meal is much more satis- 
factory as the only protein supplement to 
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barley or wheat than as a supplement to 
corn. 112 

836. Linseed meal for poultry. — In 
striking contrast to the excellence of lin- 
seed meal as a feed for cattle, sheep, and 
horses, it is not satisfactory when form- 
ing any important part of the rations for 
laying hens, chicks, or other poultry. 113 
Linseed meal has not generally given 
good results in poultry feeding, even 
when combined with protein supple- 
ments of high quality, such as fish meal 
and milk by-products. 

As little as 5 per cent of linseed 
meal has depressed the growth of chicks, 
when included in a ration otherwise sat- 
isfactory. 114 A ration containing 10 per 
cent of linseed meal caused the death of 
all the turkey poults to which it was 
fed. 115 The injurious effects of linseed 
meal can be prevented by soaking or 
autoclaving it, or by adding the vitamin 
pyridoxine to the ration. 110 

In view of the popularity and high 
value of linseed meal for feeding other 
classes of stock, it hardly seems wise to 
include it in poultry rations under any 
usual conditions. 

837. Other flax by-products. — Flaxseed 
screenings oil feed is the ground product 
obtained after extraction of part of the oil 
from the smaller, imperfect flaxseed, weed 
seeds, and other material separated in clean- 
ing flaxseed. The composition and value of 
this feed and also of flaxseed screenings vary 
widely. 

Sometimes the screenings are not re- 
moved thoroughly from the flaxseed before it 
is processed, or screenings oil feed is added 
to the linseed meal. Such products must be 
sold as linseed feed and not as linseed meal. 
Since the feeding value of linseed feed will 
often be much less than that of linseed meal, 
one should read carefully the name on the 
tag or sack and note the guaranteed com- 
position, Otherwise, he may pay a linseed- 
meal price for an inferior product. In certain 
cases such flaxseed by-products may contain 
so much bitter-tasting weed seeds that they 
are decidedly unpalatable to stock, and they 
may even produce an off-flavor in the milk 
of cows. 

Flax plant by-product is that portion of 
the flax plant remaining after harvesting the 
seed and separation of uie bast fibers and flax 
shives. It consists of the leaves, corticle 


tissues (bark and outer portions) of the 
stems, flax seed bolls, and immature seeds. 
According to the definition proposed by the 
Association of American Feed Control Offi- 
cials, flax plant by-product should have at 
least 9 per cent protein and not over 35 
per cent fiber. 4 However, even 35 per cent 
fiber is more than hay of fair quality usually 
contains. 

This low-grade product is used in cer- 
tain cheap formula feeds for cattle and 
sheep. It is a good absorbent for molasses. 

IV. Various Legume Seeds 
and By-products 

838. Peanuts. — Peanuts ( Arachis 
hypogaea ), called earth nuts in some 
countries, are an important crop in the 
southern states, being grown chiefly for 
human consumption as peanuts, peanut 
butter, or peanut oil. However, a con- 
siderable acreage is grown for hogging 
down, and also swine are often turned 
in to clean up any remaining nuts, after 
a crop of peanuts has been harvested. 
Unfortunately, as is discussed later, pea- 
nuts produce soft pork, though the pork 
is otherwise of good quality. When avail- 
able, peanuts can also be used in limited 
amounts as a protein supplement for 
other classes of stock. “Peanut hay,” 
which remains after the nuts are picked 
from the cured vines, has been discussed 
in Chapter XVI. 

The acreage of peanuts grown for 
nuts in this country has been only about 
1,450,000 acres during recent years, 
which is small in comparison with that 
of soybeans. The average yield of un- 
shelled peanuts for a 10-year period was 
792 lbs. per acre. 

Whole peanuts, including the hulls, 
or shells, have an average of about 25 
per cent of protein, which is of good 
quality. Though unhulled peanuts are 
high in fiber, they are very rich in total 
digestible nutrients, because of their fat 
content of 36 per cent. Like soybeans, 
peanuts are deficient in carotene and vi- 
tamin D, are low in calcium, and are not 
very rich in phosphorus. On exposure to 
the air, shelled peanuts soon become ran- 
cid. 

Pigs fed whole harvested peanuts 
without other concentrates make very 
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satisfactory gains if supplied with salt 
and also a calcium supplement, such as 
ground limestone or oyster shell. For ex- 
ample, in 3 Florida experiments pigs 
thus fed gained 1.0 lb. per head daily 
on the average. They required only 201 
lbs. of feed per 100 lbs. gain, because 
of the high content of total digestible nu- 
trients and of net energy in the fat-rich 
peanuts. 117 If the salt or calcium supple- 
ment is omitted, the results are very 
poor. For young pigs raised in dry lot 
without any green feed, it would be ad- 


duces soft pork, nearly one-third of the 
peanut acreage in this country is commonly 
thus harvested by turning pigs into the field 
to root out the nuts. This is because the 
method is a very cheap way of fattening 
pigs. Experiments have shown that it is very 
important to supply pigs hogging down 
peanuts with salt and a calcium supplement, 
or even a more complete mineral mixture. 120 
Pigs may make a little more rapid gains 
when fed tankage or meat scrap in addition 
to the peanuts and peanut forage they get, 
but the gains may be fully as cheap without 
the animal-protein supplement. 
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Nearly one-third the acreage of peanuts in this country is commonly hogged down, 
though soft pork is produced by this method. (From U.S. Department of Agriculture.) 


visable to supply well-cured legume hay 
in addition, to make sure of a sufficient 
vitamin supply. 118 The amounts of pea- 
nuts that can be fed without producing 
soft pork are stated in Chapter XXXIV. 

In Alabama tests mature chickens 
would eat whole peanuts after they be- 
came used to them, without picking out 
the kernels. 119 For laying hens there was 
no advantage in grinding peanuts. When 
hens were fed considerable amounts of 
shelled peanuts, the results were poor, 
perhaps because of the high fat content. 

839. Hogging down peanuts. — In spite 
of the fact that hogging down peanuts pro- 


Spanish peanuts are grown for hogging 
down in the early fall, as they sprout badly 
after maturity and must be hogged off in 4 
to 6 weeks. Runner peanuts keep well in 
the ground until January or February. In 
trials during 7 years in Georgia, runner pea- 
nuts hogged down produced an average of 
388 lbs. gain per acre, in comparison with 
417 lbs. for com and 462 lbs. for sweet 
potatoes, also hogged down. 121 However, 
much more labor is required to grow sweet 
potatoes than for peanuts. In Florida tests 
Spanish peanuts or runner peanuts did not 
so closely approach corn or sweet potatoes 
in the amount of pork produced per acre, as 
in the Georgia trials. 122 

Brood sows or very young pigs are not 
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commonly turned on a fresh peanut field, 
because large amounts of peanuts are said 
to be injurious to them. However, they can 
clean up the fields after peanuts have been 
dug for market, or after the fattening hogs 
have eaten most of a crop. 

* 840. Peanut oil meal; peanut meal 

and hulls. — Peanut oil meal or cake is 
the by-product from the production of 
oil from peanuts which first have been 
well hulled or shelled. According to the 
definition of the Association of American 
Feed Control Officials, peanut oil meal 
should not have more than 7 per cent 
of fiber. If the fiber content is higher 
than this, it shows that the peanuts have 
not 'been well hulled, or that hulls have 
been added. Such a product should be 
sold as peanut meal and hulls , according 
to the official definition. However, much 
of the peanut oil meal on the market has 
considerably more than 7 per cent fiber. 

Peanut oil meal of the 45 per cent 
protein grade, made from well-hulled 
peanuts, has an average of 46.6 per cent 
protein and only 5.5 per cent fiber. Pea- 
nut meal and hulls of the 41 per cent 
protein grade has 41.1 per cent protein, 
but has an average of 15.0 per cent fiber, 
and therefore supplies considerably less 
total digestible nutrients (73.3 per cent). 
Since the fiber content of feed sometimes 
sold as peanut oil meal varies widely, 
depending on the amount of hulls, one 
should carefully note the fiber guarantee 
before purchasing. A product having 
15.0 per cent fiber will contain about 15 
per cent more peanut hulls than peanut 
oil meal made from well-hulled peanuts. 
The value will be correspondingly less, 
because peanut hulls have little feeding 
value. 

In compiling the analyses for Ap- 
pendix Table I, feed called peanut oil 
meal , but having more than 7 per cent 
fiber, has been properly classed as pea- 
nut meal and hulls. 

Peanut oil meal of 45 per cent pro- 
tein grade has 42.4 per cent digestible 
protein and 84.5 per cent total digestible 
nutrients, thus being higher in both than 
is soybean oil meal. Peanut meal and 
hulls of the 41 per cent protein grade, 
expeller or hydraulic process, has 36.6 


per cent digestible protein and 73.3 per 
cent total digestible nutrients, being 
slightly higher in both than cottonseed 
meal of the 41 per cent protein grade. 

The quality of the protein of pea- 
nut oil meal is good, ranking close to that 
of soybean oil meal. However, it usu- 
ally has less lysine than does soybean oil 
meal. 

Peanut oil meal is low in calcium 
and has only about half as much phos- 
phorus as cottonseed meal. It lacks caro- 
tene and vitamin D, like most other seed 
products. It is fair in content of thiamine, 
low in riboflavin, and especially rich in 
niacin and in pantothenic acid. 

Peanut oil meal is one of the best 
protein supplements for livestock feed- 
ing, This is due not only to its richness 
in protein and total digestible nutrients, 
but also because it is well liked by stock 
and because the protein is of high qual- 
ity. Peanut oil meal from well-hulled 
nuts generally equals or closely ap- 
proaches soybean oil meal in value for 
dairy cattle, beef cattle, sheep, horses, 
and swine, and is of only slightly lower 
value for poultry. 

Peanut oil meal tends to become 
rancid if stored too long, especially in 
warm, moist climates. In the South it 
should not be stored more than 2 to 3 
months in cool weather and about 6 
weeks in summer. 

Since peanut hulls have but little 
feeding value, the worth of peanut meal 
and hulls will depend on the proportion 
of hulls contained. This can be estimated 
from the guaranteed fiber content. 

841. Value of peanut oil meal for 
various classes of stock. — Peanut oil 
meal is most commonly fed to dairy cat- 
tle, and it is a very popular feed for milk 
cows in sections where it is available. In 
Georgia and Virginia experiments pea- 
nut oil meal was fully equal to soybean 
oil meal or cottonseed meal as the 
protein supplement for milk produc- 
tion. 123 It is somewhat laxative and when 
high in fat may be too laxative if it forms 
more than one-fourth of the concentrate 
mixture. 

In several experiments with fatten- 
ing cattle peanut oil meal has generally 
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been fully equal to cottonseed meal in 
value and equal or nearly equal to soy- 
bean oil meal. 124 On the other hand, in 
each of 3 Kansas experiments with beef 
calves and 3 with yearlings wintered on 
Atlas sorghum silage plus 1 lb. of pro- 
tein supplement per head daily, peanut 
oil meal was slightly but distinctly in- 
ferior to cottonseed meal, soybean oil 
meal, or linseed meal. 125 

Peanut oil meal has been about 
equal to cottonseed meal or linseed meal 
as the protein supplement for fattening 
lambs. 126 It is also a very satisfactory 
protein supplement for horses or mules. 

Peanut oil meal is an excellent pro- 
tein supplement for swine. 127 If a cal- 
cium supplement is provided, it is satis- 
factory as the only protein supplement 
for pigs or brood sows on good pasture 
or for well-grown pigs in dry lot. For 
very young pigs in dry lot it is best to 
use peanut oil meal in combination with 
tankage, fish meal, or dairy by-products. 
A mixture of one-half peanut oil meal 
and one-half tankage, meat scrap, or 
fish meal produces fully as good results 
as an animal-protein supplement fed as 
the only supplement. Used as the only 
protein supplement for pigs fed corn or 
corn and alfalfa hay in 5 tests, 100 lbs. 
of peanut oil meal produced nearly as 
rapid gains as did tankage. 128 Each 100 
lbs. of peanut oil meal replaced 51.6 lbs. 
tankage and 55.0 lbs. corn in feeding 
value. Peanut meal and hulls had a con- 
siderably lower value than this in 3 
tests. 129 

Peanut oil meal is so palatable to 
pigs that they will eat much more of it 
than they need to balance their ration 
when self-fed corn and peanut meal 
separately, free-choice. This can be pre- 
vented by mixing ground corn and the 
peanut oil meal in the desired propor- 
tion. When peanut oil meal is low in 
price, a large proportion is sometimes 
included in the ration. However, feeding 
only 2 or 3 pounds of corn to each pound 
of peanut oil meal often produces soft 
pork. When fed in a larger proportion 
than needed to balance the ration, the 
additional peanut oil meal is only equal 
to corn in value per pound. 


Peanut oil meal can be used in 
much the same manner as soybean oil 
meal for poultry. 130 Like soybean oil 
meal, it gives the best results when fed 
in combination with protein supplements 
of animal origin, such as meat scrap, fish 
meal, or milk by-products. It was con- 
cluded from North Carolina studies that 
at least one-half of the animal-protein 
supplements in mashes for laying hens 
can be replaced satisfactorily with pea- 
nut meal. 131 Peanut oil meal is not satis- 
factory as the only protein supplement, 
or when as much as 30 to 35 per cent is 
used in a chick ration to replace all the 
soybean oil meal. 132 

842 . Peanut skins. — Peanut skins, also 
called peanut bran, are the by-product con- 
sisting of the thin red-brown covering of the 
kernels, together with more or less of the 
germs and broken bits of the kernels. Peanut 
skins have an average of 16.3 per cent pro- 
tein, 23.9 per cent fat, and 11.8 per cent 
fiber. They are used chiefly in certain mixed 
feeds. Peanut skins were satisfactory as a 
substitute for wheat bran in Pennsylvania 
tests, when 20 per cent was included in the 
concentrate mixture for dairy cows. 133 As 
peanut skins are bitter in taste, they should 
be mixed with better-liked feeds. 

843 . Peanut hulls. — Peanut hulls, or 
shells, are a by-product at the factories 
making peanut butter, shelled peanuts, or 
peanut oil from shelled nuts. Commercial 
peanut hulls usually contain fragments of 
kernels and therefore have a little more pro- 
tein and fat than the pure hulls. 

Peanut hulls have an average of 6.7 
per cent protein, considerably more than in 
cottonseed hulls, but they are extremely 
high in fiber, averaging 60.4 per cent. As a 
result, they supply only 18.8 per cent total 
digestible nutrients, which is far less than in 
straw. 

In recent Texas and Virginia trials with 
beef cattle peanut hulls, ground very fine 
through a % to % inch screen, gave fair 
results when mixed with the concentrates, so 
they would be consumed readily. 134 In the 
Texas trials there were wide variations in the 
gains and finish of individual fattening cattle 
when ground peanut hulls formed any large 
part of the roughage. 

844 . Beans; cull beans. — Several varie- 
ties of beans ( Phaseolus , spp. ) are raised in 
this country for human food. These include 
ordinary field or navy beans, lima beans, 
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kidney beans, and the pinto beans and 
tepary beans of the Southwest. All of these 
varieties have the same general composition 
and feeding value. In amount of total pro- 
tein and other nutrients beans closely resem- 
ble field peas. However, their feeding value 
is much lower. Beans are not very palatable 
to stock; their digestibility is not high when 
they are fed raw, especially to swine; and 
their protein is not of good quality. 

The cull beans which are sorted out 
from the first-quality dry beans can be used 
satisfactorily for stock feeding, if attention 
is paid to their limitations. Such cull beans 
include not only discolored, shrunken, and 
broken beans, but also more or less waste, 
such as broken bits of stems, small stones, 
and dirt. 

'Ground cull beans can be fed to dairy 
cows as a substitute for other protein supple- 
ments, if they form not over about one-fifth 
of the concentrate mixture. Thus fed in 
Michigan experiments, they were worth 
about one-half as much as cottonseed meal 
per ton. 135 Unless the ground beans were 
mixed with palatable feeds, there was diffi- 
culty in getting the cows to clean up the 
feed. When beans are cooked, larger amounts 
can be fed to cows but this involves con- 
siderable expense. 

For fattening cattle, the results were 
satisfactory when cull beans formed 16 per 
cent of the concentrate mixture, but poor 
when the grain mixture had 26 per cent of 
beans. 18 ® 

Whole uncooked cull beans are suitable 
for fattening lambs when forming not more 
than 20 to 25 per cent of the concentrate 
mixture. A larger amount is apt to be un- 
palatable and to cause scours. The value of 
cull beans, fed to fattening lambs in such a 
mixture with barley and with alfalfa hay 
for roughage, has ranged from about 82 per 
cent of that of barley to fully equal to bar- 
ley. 137 

In New York experiments there has been 
a decided benefit from adding 0.1 lb. lin- 
seed meal a day to corn and cull beans for 
fattening lambs. 138 In another New York 
experiment lambs made just as rapid and 
economical gains when cooked cull beans 
replaced all the corn or two-thirds the corn 
in a ration of com, legume hay, corn silage, 
and 0.1 lb. linseed meal. 139 Lambs fed un- 
cooked cull beans as the only concentrate 
have not made good gains and have re- 
quired much feed per 100 lbs. gain. 140 

In Michigan tests cull beans were a 
satisfactory substitute for cottonseed meal 
as the protein supplement in rations for win- 


tering breeding ewes. 141 Feeding too large 
a proportion of cull beans to breeding ewes 
may cause the “stiff lamb disease/’ 

Cull beans give good results in swine 
feeding when thoroughly cooked and fed 
with grain, and preferably with an efficient 
protein supplement, such as tankage, meat 
scrap, or fish meal. In Michigan trials 
cooked cull beans (weighed before cook- 
ing) were worth 89 per cent as much as 
corn when 2 parts of beans and 1 part of 
corn were fed with tankage, alfalfa hay, 
and a mineral mixture. 142 In a California 
test cooked cull lima beans were about equal 
to ground barley in value when forming 15 
to 30 per cent of a well-balanced ration. 143 
Dry heating of the beans was not satis- 
factory, instead of boiling or steaming. In a 
Colorado test well-grown pigs gained as well 
on a ration of corn, cooked pinto beans, and 
alfalfa hay as others fed soybean oil meal 
in place of the beans. 144 

Beans are not commonly fed to poultry, 
but in a California test cull beans were used 
successfully to replace grain, when forming 
as much as 10 per cent of the ration for 
chicks. 145 For poultry it is best to cook 
beans and use them as part of a wet mash. 

Mung beans ( Phaseolus aureus) have 
recently increased rapidly in acreage in 
Oklahoma and surrounding districts, being 
grown as a late-sown cash crop to follow 
small grain. The green variety is grown 
mostly for seed production for human food, 
and especially for the preparation of bean 
sprouts. The cracked and cull beans cannot 
be used for sprouting and are used for stock 
feeding. Yellow mung beans are grown 
chiefly for forage. (493) 

Extensive trials with mung beans at the 
Oklahoma Station show their value to be as 
follows: 146 When forming 30 per cent of the 
concentrate mixture for dairy cows, 100 lbs. 
of ground mung beans satisfactorily replaced 
50 lbs. of corn and 50 lbs. of cottonseed 
meal. When substituted for cottonseed meal 
or cake as the protein supplement for fatten- 
ing calves, the gains were as rapid and 100 
lbs. of mung beans were equal in feeding 
value to 60 lbs. of cottonseed meal or cake 
plus 64 lbs. com and 13 lbs. silage. 

Mung beans were digested about as well 
by lambs as common protein supplements, 
but were not palatable when more than 0.35 
lb. a day was fed. Ground mung beans could 
replace cottonseed meal in the trio supple- 
mental mixture for pigs. For poultry, mung 
beans were satisfactory when forming as 
much as 30 per cent of the mash, provided it 
had proper protein, mineral, and vitamin 
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supplements. Cooking mung beans did not 
improve the value much for poultry. Mung 
beans could be used to replace two-thirds 
of the soybean oil meal and cottonseed meal 
in a ration for turkey poults. 

845. Carob beans. — Carob beans 
( Ceratonia siliqua), also called algaroba or 
St. John’s bread, are produced by a legume 
tree grown chiefly in Mediterranean districts. 
The seeds are imbedded in a thick, fleshy 
pod, rich in sugars, which forms about 89 
per cent of the fruit. 147 The ground pods 
and seeds form carob-bean meal , which is 
used chiefly in certain mixed feeds, espe- 
cially calf meals. It contains only 5.5 per cent 
protein, thus differing from most legume 
seeds. 

In a California test crushed carob beans 
and pods were equal to ground barley as 
part of the ration for dairy calves. 148 In an- 
other California trial even 5 per cent of 
ground carob beans and pods was unsatis- 
factory in a ration for chicks. 149 In Ha- 
waiian trials pigs made fair gains on a ration 
containing 70 per cent ground dehydrated 
carob beans and pods, and young turkeys 
over 8 weeks old made good gains when 
fed scratch grain and a mash having 25 per 
cent carob-bean meal. 150 Pigs did not do well 
on a ration containing 60 per cent chopped 
sun-dried carob beans. 

846. Chick peas. — Chick peas ( Cicer 
arietinum), also called gram or garbanzos, 
are grown for human food and also for stock 
in an extensive area from India to southern 
Europe and northern Africa, and in other 
wann regions. Chick peas resemble field 
peas in composition, but are slightly lower 
in protein and somewhat higher in fat. 

847. Cowpeas. — The use of the cowpea 
(Vigna sinensis) for forage has already been 
discussed in Chapter XVI. The seeds of 
most varieties of cowpeas ripen unevenly, 
and therefore when the crop is grown for 
seed it is necessary to pick the pods by 
hand as they ripen, or else the plants are cut 
when about three-fourths of the pods are 
ripe, and before the first ones are shattered 
or damaged. For this reason cowpeas are 
used mostly for forage or for the production 
of seed for human food. However, some 
varieties of cowpeas can be combined for 
seed, with yields of 500 to 600 lbs. per acre. 

In composition, cowpea seed is similar 
to field-pea seed. Cowpeas furnish protein 
of fair quality to supplement the cereal 
grains and may be used, satisfactorily as a 
rotein supplement in feeding cattle, sheep, 
orses, or swine. In 3 Oklahoma experiments 


fattening calves made about as good gains 
with 2.5 lbs. per head daily of ground cow- 
peas for the protein supplement as with 1.5 
lbs. cottonseed cake. 151 The ground cowpeas 
were worth 59 per cent as much as cotton- 
seed cake. For swine feeding, cowpeas had 
best be fed in combination with some oth^r 
supplement that supplies better-quality pro- 
tein. 152 4^ 

848. Guar. — Guar ( Cyamopsis psora - 
loides), which has been mentioned previ- 
ously in Chapter XVI, is a drouth-resistant 
legume that has been grown for centuries in 
India, for both human and animal food. The 
seed is a source of vegetable gum used as a 
thickener in salad dressings and other foods, 
and also used in industry. 

In a trial by the United States Depart- 
ment of Agriculture rolled guar seed was a 
satisfactory protein supplement for steers, 
but in a Rhode Island test even 100 lbs. per 
ton of a by-product from producing vege- 
table gum from guar beans was unsatis- 
factory in a chick mash. 153 

849. Horse beans. — The horse bean 
( Vicia faba ), or broad bean, is used in Eu- 
rope to some extent for feeding stock, espe- 
cially horses, as well as for human food. This 
legume grows fairly well in some parts of 
Canada, but has never proved a success in 
the United States, except in the central coast 
district of California. Horse bean seeds are 
similar in composition and feeding value to 
field peas. In Canadian trials ground horse 
beans were not satisfactory as the only pro- 
tein supplement in a chick ration, but gave 
good results when combined with fish meal, 
meat meal, soybean oil meal, or linseed 
meal. 154 

850. Legume seed screenings. — Alfalfa 
seed screenings consist chiefly of the shriv- 
eled or light-weight alfalfa seeds removed 
in cleaning alfalfa seed, along with varying 
amounts of weed seeds, bits of alfalfa leaves 
and stems, etc. Screenings that contain but 
little low-grade material have an average of 

31.1 per cent protein, 9.9 per cent fat, and 

11.1 per cent fiber. 

The screenings should be finely ground 
before feeding, to make them more digestible 
and to prevent infestation of the land with 
weeds. They are not very palatable to stock, 
but a limited amount can be satisfactorily 
included in a mixture of better-liked feeds. 
When forming one-quarter of the concen- 
trate mixture for dairy cows in Idaho trials, 
each 100 lbs. of ground alfalfa-seed screen- 
ings replaced 57 lbs, of linseed meal and 
42 lbs. of barley and wheat bran. 155 
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Sweet-clover screenings are generally 
lower in protein and higher in fiber than 
alfalfa-seed screenings, and vary rather 
widely in composition. North Dakota tests 
show that the ground screenings may be 
used as part of the concentrates for stock 
in the same manner as alfalfa-seed screen- 
ings, a good grade being equal or superior 
Jo wheat bran in feeding value. 156 

Red- or alsike-clo ver-seed screenings re- 
semble alfalfa-seed screenings in composi- 
tion and may be used similarly. 157 

851. Lespedeza seed. — The annual les- 
pedezas usually produce 300 to 500 lbs. of 
seed per acre and sometimes considerably 
more. The seed is as rich as linseed meal in 
protein and is a satisfactory protein supple- 
ment for stock feeding, when a surplus is 
available. It should be ground for cattle or 
swine, but need not be for sheep or poultry. 

In a Missouri experiment with dairy 
cows ground lespedeza seed was equal to a 
mixture of cottonseed meal and soybean oil 
meal, when substituted for these feeds on 
an equal protein basis. 158 In Illinois and 
Missouri tests lespedeza seed was about 
equal to cottonseed meal or soybean oil meal 
for fattening lambs. 159 Ground lespedeza 
seed did not give quite as good results for 
fattening cattle in a Missouri trial, perhaps 
because there was difficulty in grinding it so 
as to crush all the seeds. 1110 

Ground lespedeza seed is satisfactory as 
10 to 20 per cent of a ration for chicks, re- 
placing this much soybean oil meal. 101 In 
a Kentucky trial lespedeza seed and screen- 
ings containing 28 per cent protein was used 
successfully to replace as much as half the 
meat scrap in a ration for chicks or laying 
hens. 102 

852. Locust pods. — The pods of the 
honey locust ( Gleditsia triacanthos) are high 
in sugar, like those of caroh beans, and may 
be used similarly in stock feeding. In Ala- 
bama tests two varieties of thornless honey 
locust trees yielded at the rate of 1,266 to 
2,798 lbs. of pods per acre when 5 years 
old. 105 Ground honey locust pods and seeds 
were a satisfactory substitute for oats in a 
concentrate mixture for dairy cows, and were 
very palatable. 

853. Lupine seed. — The seed of most 
varieties of lupines ( Lupinus , spp. ) is poi- 
sonous to animals because of toxic alkaloids 
contained in it. However, varieties of yellow 
and blue sweet lupines have been developed 
which have little or no poisonous properties. 
In Florida and Georgia trials with fattening 
cattle ground sweet lupine seed was fairly 


satisfactory as a substitute for cottonseed 
meal, but was less palatable. 164 In another 
Florida test it did not give good results as 
the only protein supplement for chicks, but 
was fairly satisfactory when combined with 
soybean oil meal. 165 In English tests such 
sweet yellow lupine seed was satisfactory for 
dairy cows when as much as 5 lbs. were fed 
a day, for pigs when forming 10 per cent of 
the ration, and for poultry when forming 11 
to 20 per cent of the feed. 166 

854. Mesquite pods and beans. — Mes- 
quite ( Prosopsis juliflora) and tornillo, a re- 
lated species, are large leguminous shrubs 
or small trees common in certain sections of 
the southwestern states. Often these produce 
abundant crops of pods which are eaten by 
stock when they fall to the ground. The 
seeds are so small and hard that they largely 
escape digestion, unless the pods and seeds 
are ground finely. This is difficult, because 
of the high sugar content of the pods. 

In New Mexico trials with sheep and 
pigs the value of mesquite and tornillo pods 
and beans varied widely, but on the average 
they were worth only about 40 per cent as 
much as grain. 167 

855. Peas; pea feed. — The acreage of 
peas ( Pisum sativum , or arvense ) raised in 
this country for the production of seed for 
stock feeding is very small, because the small 
grains generally yield a much greater weight 
of seed per acre. However, a considerable 
acreage of peas is raised for dry peas for 
human food and for seed peas in the north- 
western states, especially in Washington and 
Idaho. The cull peas, consisting of split, 
small, or damaged peas, are used for live- 
stock feeding, and may be practically equal 
to high-grade peas in feeding value. Cow- 
peas are often called peas in the South, but 
are a different legume. 

As has been pointed out in Chapter 
XVI, peas are often grown with oats for hay, 
pasture, or silage. Also, field peas are raised 
sometimes in certain mountain valleys of 
the West, and the entire crop harvested by 
lambs or hogs which are grazed on it. Some- 
times a combination of barley, oats, and field 
peas is grown for grain in the northern states. 

Peas are raised chiefly in the northern- 
most states and other regions where the cli- 
mate is cool, as they do not thrive unless the 
spring and summer temperatures are mod- 
erate. The average yield of peas in the 
United States for the 12-year period, 1943- 
1954 was 1,247 lbs. per acre. 

Peas are relished by stock and are an 
excellent feed, when not too high in price. 
They have nearly as ‘much protein as corn 
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gluten feed and furnish slightly more total 
digestible nutrients. Differing from soybeans, 
peas are low in fat, having an average of 
only 1.2 per cent. Peas are low in calcium 
ana only fair in phosphorus, with a content 
of 0.50 per cent. The seed of green varieties 
equals yellow corn in carotene content (vita- 
min A value ) , and even yellow varieties have 
an appreciable amount. Peas lack vitamin D. 

The protein of peas supplements that 
of the cereal grains to a considerable extent, 
but not so completely as does the protein of 
soybean oil meal. This is because peas are 
low in methionine, the essential sulfur-con- 
taining amino acid. 168 (110) However, peas 
give good results when fed as the only pro- 
tein supplement to dairy cattle, beef cattle, 
sheep, or horses, 169 or to pigs on pasture. 
There is no appreciable difference in the 
value of green, yellow, or black (Austrian) 
peas. 

Peas supply about as much digestible 
protein and total digestible nutrients as a 
mixture of one-half linseed meal and one- 
half barley, and are about equal to such a 
mixture in feeding value. Peas are excellent 
as part of the concentrate mixture in fitting 
sheep for show, because they produce firm 
flesh. 170 Peas should be ground for cattle and 
swine. 

For pigs on pasture, peas give excellent 
results when used as the only supplement to 
grain, if calcium and phosphorus supple- 
ments are supplied. 171 For pigs in dry lot 
in Washington experiments, ground peas 
were also satisfactory as the only protein 
supplement to a mixture of ground barley 
and wheat, fed with alfalfa meal and a min- 
eral mixture supplying calcium and phos- 
phorus. 172 On the other hand, in similar 
Idaho trials peas did not produce as rapid 
gains, when fed as the supplement to ground 
wheat, as were obtained when peas were 
combined with a small portion of meat 
meal. 173 For pigs or for brood sows it is 
very important to include alfalfa or other 
legume hay in the ration, when peas are the 
supplement to grain. 174 In a Washington 
trial a ration of barley, wheat, cull peas, 20 
per cent dehydrated alfalfa meal, and min- 
erals was as satisfactory for brood sows as 
one containing fish meal in addition. 175 

In poultry feeding, peas can be used to 
replace about one-half the animal protein 
supplements which would be required to bal- 
ance a ration, but should not be used in 
such a large proportion as is possible with 
soybean oil meal. 176 Peas and fish meal make 
an excellent combination. 

When cull peas are considerably lower 
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in price than grain, they are often used to 
replace part of the grain ii| ( r.atiqrg # .for dairy 
cattle, fattening cattle and : lambs; or swine. 
Thus fed, cull peas of a good grade are equal 
to barley. If ground peas formed more than 
40 per cent of the concentrate mixture fer 
fattening calves in a Washington trial, thJp 
was serious trouble from bloat when tSe 
roughage was sweet clover hay. 177 In other 
Washington tests pigs on pasture made very 
satisfactory and economical gains when fed 
only cull peas and a mineral mixture. 178 

Pea feed , sometimes called pea meal, is 
the by-product from the manufacture of split 
peas for human food. It consists chiefly of 
shrunken, broken, or otherwise damaged 
peas, together with the pea hulls (or bran) 
and meal made up of the germs and broken 
particles from the seed. Pea feed varies con- 
siderably in composition. Though it has . an 
average of 23.7 per cent fiber, the fiber 
seems to be highly digestible, and the con- 
tent of total digestible nutrients is as high as 
in pea seed. When fed to dairy cows as part 
of a suitable concentrate mixture, pea feed 
has been equal to a mixture of grain, wheat 
bran, and linseed meal that supplied a sim- 
ilar amount of protein. 179 

856. Velvet beans; velvet bean feed. — 
Velvet beans are grown chiefly for forage, 
as has been mentioned in Chapter XVI. 
When the velvet beans are gathered for 
feeding to stock, they are generally fed 
whole in the pod, or else the beans and pods 
are ground to form ground velvet bean and 
pod , also called velvet bean feed. 

Velvet beans in the pod contain 18.1 
per cent protein and 13.0 per cent fiber, thus 
being slightly higher in protein but also 
higher in fiber than wheat bran. They supply 
slightly less than one-half as much protein 
as the best grades of cottonseed meal, but 
furnish as much total digestible nutrients. 

Though velvet beans in the pod or the 
ground beans and pods are not very palat- 
able, they are satisfactory for dairy cows, 
beef cattle, or sheep when not forming too 
large a part of the ration. When too much is 
fed, they may be unduly laxative. The dry 
beans and pods are satisfactory for fattening 
cattle, and it does not pay to soak or grind 
them. However, for dairy cows the value 
is increased considerably by grinding. If this 
cannot be done, the beans and pods should 
be soaked for 24 hours. 

With dairy cows the best results are 
secured when ground velvet beans and pods 
do not form more than 40 per cent of the 
concentrate mixture, the rest consisting of 
better-liked feeds. Thus fed, this feed, on the 
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average, bis been about equal to wheat 
bran and l$gs worth about one-half as 
much as cottonseed meal. 180 Ground velvet 
bean meal (without the pods) has a some- 
what greater ..value, as it is higher in pro- 
tem and total ‘^gestible nutrients. 181 

§ Velvet beans in the pod have been satis- 
factory for fattening cattle, when used as a 
protein supplement or when fed as the 
entire concentrate, along with suitable 
roughage. 182 In the latter case the gains are 
usually somewhat less than on a combina- 
tion of corn and cottonseed meal. In 4 
Georgia experiments fattening cattle fed 5.2 
lbs. a day of velvet beans in the pod, along 
with broken ear com in the husk, threshed 
peanut hay, and minerals, gained slightly 
more than others fed 2.5 lbs. of cottonseed 
meal. 183 On the average, the velvet beans 
in the pod were worth fully as much per 
ton as cottonseed meal, as they also replaced 
some corn and hay. 

Velvet beans are generally very unsatis- 
factory for swine ( either brood sows or 
growing and fattening pigs) when forming 
any considerable part of the ration. 184 This 
has been the case, no matter whether the 
beans have been fed shelled, ground, or as 

f round velvet beans and pods. The velvet 
cans even cause severe vomiting and 
diarrhea. 

The poor results are caused largely by 
a substance that is poisonous to swine, and 
also by the poor quality of the protein in the 
beans. 185 The toxicity is lessened by cook- 
ing and the beans are made more digestible, 
but this does not generally make them satis- 
factory. Pigs will not do well when follow- 
ing steers heavily fed on velvet beans, unless 
they get considerable other feed. When 
velvet beans do not form more than one- 
fourth the ration for swine and an efficient 
protein supplement like tankage or fish meal 
is included, fair results may be secured. 186 
Even velvet bean pasture cannot be recom- 
mended for swine. 

857. Vetch seed. — The seed from the 
vetches ( Vicia , spp.) is similar to pea seed 
in composition, but vetch seed is sometimes 
poisonous to stock because of the presence 
of glucosides from which prussic acid may 
be formed. (670) Danger of poisoning can 
be avoided by soaking the seed for 24 
hours or by steaming it thoroughly. 

V. Other Seeds and By-products 

858. Coconut oil meal or cake; co- 
conuts. — Coconut oil meal or cake (also 
called copra oil meal) is the by-product 


from the production of oil from the dried 
meats of coconuts, the nuts of the coco- 
nut palm ( Cocos nucifera). Coconut oil 
meal is made by all the methods — the 
hydraulic process, the expeller method, 
and the solvent process. 

Coconut oil meal of the usual kind 
has somewhat less protein than corn glu- 
ten feed but more than wheat bran, the 
average being 21.4 per cent. The protein 
is of better quality than that in corn 
gluten feed, but is not of such high qual- 
ity as that of soybean oil meal. Coconut 
meal should therefore not be fed as the 
only protein supplement to grain for 
swine not on pasture or for poultry. 
Some such supplement as meat scrap, 
tankage, or fish meal should be fed in 
addition. 

Coconut meal of the usual kind has 
an average of 6.7 per cent fat and sup- 
plies a trifle more total digestible nu- 
trients than does corn gluten feed. Some 
of the imported coconut oil meal, com- 
ing from small, inefficient oil mills is 
much higher in fat, averaging 12.0 per 
cent. Such high-fat coconut oil meal is 
apt to become rancid if stored too long 
in warm weather. 

Coconut oil meal is fed mostly to 
dairy cows in this country and is an ex- 
cellent dairy feed. In a Massachusetts 
test it was about equal to corn gluten 
feed, and in an Ohio trial it was fully 
equal to a mixture of one-half linseed 
or cottonseed meal and one-half grain. 187 
In a Hawaiian experiment 28 per cent 
of coconut oil meal was a good substitute 
for part of the soybean oil meal and 
pineapple bran in a dairy concentrate 
mixture. 188 

Sometimes the feeding of old-proc- 
ess coconut oil meal may cause a very 
slight increase in the fat percentage of 
milk over a considerable period. (1064) 
A limited amount of coconut meal pro- 
duces firm butter of excellent quality, 
but over 3 to 4 lbs. per head daily may 
make the butter too bard. 

Coconut oil meal is also satisfactory 
as a protein supplement for fattening 
cattle or lambs. 189 For swine feeding, 
coconut oil meal may be used in place of 
such feeds as wheat middlings or linseed 
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meal. 190 Like these feeds, it does not 
generally produce good results when fed 
to young pigs not on pasture as the only 
supplement to grain. 

Limited amounts of coconut oil 
meal can be included in poultry rations 
when sufficient protein of better quality 
is provided. 191 On the Pacific Coast 2.5 
to 5.0 per cent of coconut meal is some- 
times used in poultry mashes. In an Eng- 
lish test 20 to 25 per cent of coconut 
meal was satisfactory as a substitute for 
wheat bran in the mash for laying 
hens. 192 On the other hand, in Philippine 
tests coconut oil meal did not give good 
results in rations for chicks and duck- 
lings. 103 

If coconut oil meal is cheaper in 
price than grain it may be used as a sub- 
stitute for part of the grain in feeding 
cattle, sheep, horses, or swine, being 
worth about as much per 100 lbs. as 
ground barley. 194 In Ohio tests coconut 
oil meal was worth more than corn when 
forming one-fourth of the ration for pigs, 
but it was worth only ' 88 per cent as 
much as corn when forming 40 per cent 
of the ration. 195 

Coconut oil meal of a good grade 
should be whitish or very light brown 
in color. Too high a temperature in the 
process of expressing the oil will result 
in a dark oil meal which has a lower 
value, because the digestibility is de- 
creased considerably. 

Coconut meal has a high capacity 
for absorbing molasses and is sometimes 
used for this purpose in mixed feeds. 
“Candied copra,” a mixture of coconut 
oil meal with a considerable proportion 
of cane molasses, usually has only 11 to 
14 per cent protein. 

Coconuts were used successfully in 
Guam tests for feeding growing pigs and 
brood sows on pasture. 196 As the coco- 
nut meats contain 60 to 70 per cent fat, 
on the dry basis, the energy value is 
correspondingly high. 


and only a limited amount of concentrate 
mixture. 197 It required 174 lbs. of dried 
acorns to replace 100 lbs. of the concen- 
trate mixture in feeding value. 

Acorns may be used for other stock <u 
limited amounts, but poisoning has been im- 
ported where stock ate damaged acorns^or 
too large amounts. 198 Statements have been 
made that acorns tend to dry up cows, a 
considerable amount is eaten. This may ‘ %: 
due to the high content of tannin. In certain 
range districts of California, deformed calves, 
which are called 4 acorn calves,” are some- 
times produced by range cows. Investigations 
have shown that this trouble may oceur 
where the cows eat no acorns, but are forced 
to live on weathered, mature range forage 
for a long time. (192) 

In tests by the United States Depart- 
ment of Agriculture, the feeding to hens of 
rations containing 25 to 50 per cent of acorn 
meats, or 25 per cent of whole acorns or 
acorn hulls, produced eggs with olive-colored 
yolks, and the hatchability was decreased. 199 

S60. Adlay, or Job’s tears. — Adlay, or 
Job’s tears ( Coix Lacryma-J obi ) , a relative 
of the common cereals, has been cultivated 
since ancient times in Asiatic countries. The 
seeds of hard-hulled varieties are used as 
beads, and soft-hulled varieties are used for 
food. In tests in Brazil the yields of adlay 

nth 


859. Acorns. — In some regions acorns, 
the nuts of various species of oak ( Quercus, 
spp,), are of importance in swine feeding, 
the pigs usually being allowed to forage 
upon the scattered nuts. In an English test 
pigs made satisfactory gains when fed acorns 


seed were promising, in comparison with 
the common cereals. 200 The whole seed was 
used satisfactorily in rations for chickens 
and hogs. 

861. Almond hulls. — Almond hulls are 
a by-product of the almond industry. The 
hull of the almond ( Primus amygdalus) is 
comparable to the fleshy portion of the 
peach, which is a close relative. When the 
almonds ripen, the hulls usually crack and 
open. After being harvested the nuts are 
removed from the attached hulls by a 
machine. 

Until recently, most of California’s al- 
mond-hull production was burned or used 
for livestock bedding. California experiments 
show that the dried and ground hulls can 
be used as a substitute for part of the 
grain for feeding ruminants. 201 The dried 
hulls contained 18 to 31 per cent sugar and 
only 10 to 17 per cent fiber, with a total 
digestible nutrient content of 53 to 72 per 
cent. Hulls from varieties with thick, fleshy 
hulls have the greatest feeding value. 

862. Babassu oil meal. — Babassu oil 
meal is produced from the hard-shelled seed 
of a Brazilian palm ( Orbignya speciosa). It 
is similar in appearance and composition to 
coconut oil meal, averaging a trifle higher 
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in protein. It is palatable to stock and in a 
Danish trial was about equal to coconut meal 
and in a New Jersey trial to corn gluten 
* feed for dairy cows. 202 Like palm-kernel oil 
nljfeal, it seems to cause a slight increase in 
m fat percentage in milk. In a California 
test with chicks, babassu oil meal satis- 
factorily replaced part of the grain, when 
uniforming more than 10 per cent of tine 
■# ration. 203 

863, Castor beans. — Castor beans 
( Ricinus communis) and the oil meal from 
processing them for castor oil are very toxic 
to stock. Studies are being conducted to 
develop a practical method of treating the oil 
meal to make it safe for feeding. 204 

864. Cocoa meal; cocoa shells; cocoa 
pods. — In the manufacture of chocolate and 
cocoa from the beans of the cacao tree 
( Theobroma cacao), the beans are first 
roasted and the cocoa shells, which form 
about 12 per cent of the weight, are re- 
moved. The beans are then ground very 
finely, and a portion of the semi-liquid 
mass is pressed to remove part of the fat, 
which is called cocoa butter. The residue, 
after hardening and being ground, forms 
the cocoa that is used as a beverage. Choco- 
late is made by enriching the ground beans 
with a certain percentage of cocoa butter. 

On account of the large demand for 
chocolate in confections and other food, 
more cocoa must often be produced than 
can be sold for human use. This may then 
be offered for sale as a stock feed under the 
name of cocoa meal. Cocoa meal has an ex- 
ceedingly low feeding value. Still more im- 
portant, when it forms any appreciable part 
of the ration it is definitely poisonous, be- 
cause of the alkaloids ( theobromine and 
caffeine) which it contains. These alkaloids 
have a cumulative effect on animals. 

Extensive experiments have been con- 
ducted to find whether or not cocoa meal 
can be safely fed to stock. 205 These experi- 
ments have shown that it is injurious or 
even disastrous to pigs and poultry when 
forming as little as 7.5 to 10 per cent of the 
ration, A mixture containing 15 per cent was 
unpalatable to stock, caused scours in calves, 
and decreased the milk yield of cows. Cocoa 
meal also has a very low digestibility and 
tends to depress the digestibility of the other 
feeds in the ration. Solvent-process cocoa 
meal has somewhat less alkaloids, but in 
English tests it was disliked intensely by 
pigs, poultry, and sheep. 

Because of these results, even when 
cocoa meal is seemingly cheap in price, it 
should not be fed to stock, except perhaps 


to adult cattle in very small amounts in 
times of great feed shortage. In Great Britain 
during World War II the use of cocoa meal 
in mixed feeds was permitted only in feeds 
for adult cattle and to the extent of 2.5 per 
cent of the mixed feed. 

Cocoa shells consist of the hard outside 
coating of the cocoa bean. These shells, 
which are dark brown and brittle, are used 
in a few mixed feeds. Only 27 per cent of 
the crude protein in this material is digest- 
ible, on the average. The shells from sun- 
cured cocoa beans have a considerable con- 
tent of vitamin D. 

In tests at the Massachusetts Station 
cocoa shells were worth not more than half 
as much as corn meal. 206 Woodman of Eng- 
land advises that cocoa shells be fed only 
to mature cattle and in amounts no greater 
than 2 lbs. per head daily, because cocoa 
shells contain small amounts of the alkaloids 
which make cocoa meal dangerous. 207 He 
concludes that cocoa shells when thus fed 
have no higher feeding value per pound than 
a good roughage. 

Cocoa pods resemble grass hay in pro- 
tein and fiber content, but in Costa Rica 
trials their feeding value for dairy cows was 
higher than would be expected from the 
chemical composition. 208 When ground, 
dried cocoa pods replaced ground corn in 
the ration, the milk production was just as 
high. In view of the chemical composition of 
cocoa pods, further trials would be needed 
to conclude that they equal corn in feeding 
value. 

865. Coffee bean pulp. — Coffee bean 
pulp, the fleshy covering of coffee beans 
(Coffea arahica), has mostly been a waste 
by-product in coffee-growing countries. Ex- 
periments in El Salvador show, however, 
that it is nearly as digestible as corn grain 
and can be substituted for corn in a dairy 
ration. 209 It is not palatable when fed alone, 
but is readily eaten when mixed with mo- 
lasses. 

866. Hemp-seed oil meal. — Hemp-seed 
oil meal is the by-product in producing oil 
from the seed of hemp (Cannabis sativa). 
It contains 31 per cent protein, but it is 
high in fiber and furnishes less total digesti- 
ble nutrients than good legume hay. In 
California tests hemp-seed oil meal was not 
palatable to stock. 210 It should therefore be 
mixed with better-liked feeds. 

German authorities state that hemp-seed 
oil meal may contain narcotic substances 
which have injurious effects on stock when 
any large amount is fed. They recommend 
that dairy cows not be fed more than 1.1 
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lbs. of hemp-seed oil meal per head daily; 
horses and beef cattle not more than 3 lbs. 
per head daily; and sheep not more than 
0.25 lb. per head daily. Hemp-seed oil meal 
is satisfactory in poultry rations when form- 
ing 2.5 to 5 per cent of the mash. 211 

867. Ivory nut meal. — Ivory nuts, or 
vegetable ivory, the nuts of the ivory palm 
( Phytelephas macrocarpa), are manufactured 
into buttons and the residue is ground finely 
to form ivory-nut meal. This consists chiefly 
of mannan, one of the less common carbo- 
hydrates. In studies at the Massachusetts 
Station this material was found to be fairly 
digestible. 212 It supplies about as much total 
digestible nutrients as barley grain, but con- 
tains only 0.8 per cent digestible protein. 

868. Kapok oil meal. — Kapok oil meal is 
the by-product from the manufacture of oil 
from the seed of the kapok tree ( Ceiba 
pentandra), Kapok fiber adheres to the seed 
of this tree in a manner somewhat similar to 
that found in the cotton plant. Kapok oil 
meal was so unpalatable to sheep in a 
California trial that the digestibility of the 
feed could not be determined. 210 When used 
for pigs as one-third of the protein supple- 
mental mixture, along with tankage and 
alfalfa hay, kapok oil meal gave satisfactory 
results in Oregon tests. 213 It tended to pro- 
duce hard pork. 

869. Mustard-seed oil meal. — Mustard- 
seed oil meal, the by-product in producing 
mustard oil from various species of mustard 
seed ( Brassica , spp.), can be used as a partial 
substitute for other oil meals in stock feed- 
ing. In Kansas and Montana trials mustard- 
seed oil meal was a satisfactory substitute 
for cottonseed meal or soybean oil meal for 
young beef or dairy cattle. 214 In Kansas 
trials it gave good results when forming not 
over half the protein supplement for pigs. 215 
In another test 9 per cent was satisfactory 
as a substitute for part of the meat meal in 
a chick starter. 216 

870. Palm-kernel oil meal or cake. — 
The usual kind of palm-kernel oil meal or 
cake is the by-product from the production 
of oil from the seed kernels of certain tropi- 
cal oil palms ( Elaeis , spp.). It varies con- 
siderably in composition, especially in fiber 
content. The usual grade has slightly more 
protein than does wheat bran and supplies 
somewhat more total digestible nutrients. 

Opinions differ with reference to the 
palatability of palm-kernel oil meal or cake. 
Woodman states that in England it is con- 
sidered rather unpalatable, especially the 
solvent-process oil cake. 217 It should there- 


fore be mixed with well-liked feeds and 
stock should be accustomed to it gradually. 
Palm-kernel oil meal or cake has been used 
chiefly in Europe, where it is mostly fed to 
dairy cows. Solvent-process palm-kernel oil 
meal was about equal to wheat bran for 
dairy cows in a Kentucky test, when used 
as a partial substitute for it. 218 Old-process 
palm-kernel meal may cause a temporary 
increase in the fat content of the milk and 
perhaps a very slight increase over a longer 
period. (1064) 

Palm-kernel oil meal tends to produce 
hard fat when fed to stock, and thus makes 
firm butter and pork of good quality. It is 
not very palatable to pigs and should not 
form more than about one-fifth of their 
ration. Palm-kernel meal was a satisfactory 
substitute for wheat middlings in an English 
trial with laying hens. 219 

Oil meal is also made from the seed of 
the corozo palms ( Orbignya cohune and 
Scheelea , spp. ) . In experiments in Guatemala 
this oil meal was found to be very palatable 
to stock. 220 It gave good results as the chief 
protein supplement for pigs and was a satis- 
factory substitute in rations for chicks when 
furnishing not more than half the protein. 

871. Perilla oil meal. — This is the by- 
product from the production of oil from the 
seed of perilla plants ( Perilla , spp.), Chinese 
plants which are members of the mint family. 
It contains an average of 38.4 per cent pro- 
tein, but is high in fiber, having 20.9 per 
cent. In digestion trials at the California 
Station perilla oil meal was palatable to 
sheep. The protein and fat were well di- 
gested, but the fiber and the nitrogen-free 
extract poorly digested, and the feed had 
only 62 per cent total digestible nutrients. 210 

872. Poppy-seed oil meal. — This oil 
meal, which rarely appears on American 
markets, is the by-product from the produc- 
tion of oil from the seed of the opium poppy 
( Papaver somniferum). It contains about 36 
per cent protein. Since it has weak narcotic 
properties, because of the presence of opium 
alkaloids, it is not generally fed to young 
animals or to breeding stock. The amount for 
dairy cows should be limited to 2 or 3 lbs. 
per head daily, since a greater amount is 
said to decrease the fat percentage of the 
milk. 

873. Rape-seed oil meal. — Rape-seed oil 
meal, or colza oil meal, is the by-product 
from the production of oil from various 
kinds of rape seed ( Brassica , spp.). It con- 
tains an average of 33.5 per cent protein, 
8.1 per cent fat, and 10.8 per cent fiber. 
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. Experience in Germany, where it has long 
been used for stock; shows that it must be 
fed very carefully to avoid injurious results. 

Rape-seed oil meal contains varying 
amounts of glucosides, from which mustard 
oils may be formed in the digestive tracts 
of animals under certain conditions. The 
mustard oils are irritating to the digestive 
system and produce serious results when 
present in appreciable amounts. Also, rape- 
seed oil meal tends to produce goiter, espe- 
cially in poultry, if fed in too large 
amounts. 221 This goitrogenic effect can be 
avoided by adding potassium iodide to the 
ration or by extracting the rape-seed meal 
with hot water. 

To avoid bad results, it is best to feed 
no more than 2 lbs. per head daily to cattle 
and corresponding amounts to other stock. 
Not over 10 per cent should be included in 
a ration for laying hens and not over 5 per 
cent for chicks. 222 Caution is especially 
necessary in feeding rape-seed oil meal to 
young animals or to those which are preg- 
nant. However, rape-seed oil meal, fed at 
the rate of 0.5 lb. per head daily to preg- 
nant ewes being wintered, equalled linseed 
meal in a Canadian trial. 223 

On account of its sharp, bitter taste, 
rape-seed oil meal is often not liked by 
stock, especially at first. It should therefore 
be mixed with better-liked feeds. 

874. Rubber-seed meal, — -This by-prod- 
uct (also called Para rubber meal) from the 
manufacture of oil from the seed of the Para 
rubber tree ( Hevea brasiliensis) is occa- 
sionally found on the United States markets. 
Rubber-seed meal is a dry, rather powdery 
meal which is not very palatable when fed 
alone. It should therefore be mixed with well- 
liked feeds. In a Virginia trial cows were 
fed 5 lbs. per head daily of either rubber- 
seed meal or linseed meal, with alfalfa hay 
and corn silage. 224 The rubber-seed meal 
gave as good results as the linseed meal in 
this ration, which supplied somewhat more 
protein than was required by the cows. In 
tests in England it was fed satisfactorily to 
milk cows and fattening cattle, but a few 
sheep refused to eat it, even when mixed 
with other feeds. 225 

875. Safflower oil meal or cake. — 
Safflower ( Carthamus tinctorius) has long 
been cultivated in India and Egypt as an 
oilseed crop and a source of a red dye ob- 
tained from the flowers. It has recently been 
grown to some extent as an oil-seed crop in 
some of the western states. 

Safflower seed of improved varieties has 
29 to 36 per cent of oil, but has 40 per cent 


or more of hulls, which have very little 
feeding value. It is difficult to remove the 
hulls completely in oil-milling, and much 
safflower-seed oil meal is made from un- 
hulled seed. Such oil meal has only about 
18 to 21 per cent protein and contains 30 
per cent fiber or more, as much or more than 
in hay. By improved methods, oil meal can 
now be made that has as much as 40 per 
cent protein and less than 10 per cent fiber. 
Safflower-seed oil meal is rather low in the 
essential amino acids lysine and methio- 
nine. 226 For poultry or swine these lacks are 
made good by fish meal. 

Experiments have shown that safflower- 
seed oil meal from well-hulled seed is 
about equal to linseed meal or soybean oil 
meal as a protein supplement for dairy cows, 
beef cattle, or sheep. 227 On the other hand, 
it will require about 200 lbs. of safflower- 
seed oil meal from unhulled seed to equal 
100 lbs. of the high-protein oil meals. 
Safflower-seed oil meal is too high in fiber 
to be useful in rations for chicks, but that 
low in hulls is satisfactory as a substitute for 
soybean oil meal for laying hens. 228 

876. Sesame oil meal or cake. — This 
protein-rich oil meal or cake is the by- 
product in the production of oil from sesame 
seed ( Sesamum , spp.) which has been long 
produced in the Orient. The seeds of most 
varieties of sesame, or benne, shatter badly 
as they ripen, necessitating hand harvesting. 
Recently, non-shattering varieties have been 
developed, which can be harvested with a 
grain combine. These are attracting interest 
in some of our states, especially in Texas. 

Sesame oil meal contains about as much 
protein as cottonseed meal, averaging 43.3 
per cent. It is also high in calcium and 
phosphorus. It is well-liked by stock, keeps 
well in storage, and is satisfactory for all 
classes of stock. If it forms too large a part 
of the ration, it produces soft pork and 
butter. 

Sesame oil meal is rather low in lysine 
and therefore should not be used as the only 
protein supplement for poultry or swine, 
but should be combined with such a supple- 
ment as meat scrap, fish meal, or soybean 
oil meal, which are rich in lysine. 229 It is an 
excellent protein supplement for dairy cattle, 
beef cattle, or sheep, and also for poultry or 
swine when fed with a lysine-rich supple- 
ment. 230 

877. Screenings; weed seeds. — When 
wheat and the other small grains come from 
the threshing machine or combine harvester, 
they contain various amounts of screenings. 
These must be removed as completely as 
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possible before the grain is milled for human 
food. The screenings consist of small, broken, 
or shrunken kernels of grain, wild oats and 
wild buckwheat, smaller weed seeds, and 
more or less chaff and broken pieces of 
stem. 

When farmers market wheat or other 
grain before first cleaning it thoroughly, 
they not only lose the feeding value of the 
screenings, but they also have to take a 
lower price for the grain. The increase in 
price will much more than cover the cost 
of cleaning the grain, and in addition the 
screenings will be saved for feeding on the 
farm. 

The best grades of screenings, consist- 
ing chiefly of broken and shrunken kernels 
of grain, with wild oats and other palatable 
weed seeds, resemble oats in composition. 
Such screenings, when ground, may nearly 
equal grain in feeding value. 231 Light, 
chaffy screenings are much higher in fiber 
and consequently lower in value. Some poor- 
quality screenings resemble straw more than 
grain in composition and value. 

If the screenings contain too large a 
proportion of “black seeds” consisting of 
mustard seed, lamb's quarters, and pig weed, 
the value is low. In case there is much 
mustard seed present, the screenings may 
be very unpalatable to stock. Screenings 
containing a large proportion of certain weed 
seeds may even cause an objectionable flavor 
in the meat of animals heavily fed on 
them. 232 Poisonous seeds, such as corn cockle, 
are rarely present in sufficient amounts in 
screenings to cause bad effects. Flax screen- 
ings are usually considerably higher in fat 
than wheat screenings, due to immature or 
broken flax seeds. However, they are also 
generally higher in fiber. 

In Canada recleaned wheat screenings 
are classified in definite grades under the 
Grain Inspection Act. No. 1 screenings must 
not contain more than a total of 6 per cent 
of weed seeds and No. 2 screenings not 
over 10 per cent. Either grade must not con- 
tain a sufficient proportion of injurious weed 
seeds to harm stock. The material removed 
in recleaning screenings is sold as "refuse 
screenings.” 

Unless the weed seeds in screenings are 
killed by very fine grinding, many will pass 
through stock uninjured and be carried to 
the fields in the manure. Therefore, screen- 
ings should be finely ground, even for 
sheep. 

Tests at the Massachusetts Station 
showed that screenings ground in a hammer 
mill with sharp knives and four-sixtyfourths 


inch screens had very few viable weed 
seeds. 233 If the screenings had an unusual! 
number of smaller noxious weed seeds, it 
was necessary to use three-sixtyfourths inch 
screens. 

According to the official definition Of 
the Association of American Feed Control 
Officials, grain screenings should consist of 
70 per cent or more of grain (lighl and 
broken), including wild buckwheat and wik| 
oats, should have not more than 6.5 per 
cent ash, and should not contain more than 
4 whole primary noxious weed seeds per 
pound and not more than 100 secondary 
noxious weed seeds per pound. 4 Mixed 
screenings , to be labeled as mixed screen- 
ings (grains, seeds, hulls, chaff), are screen- 
ings not conforming to this definition. They 
should not contain more than 27 per cent 
fiber. If they have more than 13 per cent 
ash, the words “sand” and “dirt” must be 
included in the list of ingredients. Chaff 
and/or dust is the other material separated 
from grains or seeds in the usual commer- 
cial cleaning processes. If it contains more 
than 15 per cent ash, the words ""sand” and 
""dirt” must appear on the label. 

Ground screenings of good quality can 
be used satisfactorily as one-fourth or some- 
what more of the concentrate mixture for 
dairy cows, beef cattle, or swine. The best 
results are secured when screenings are 
fed with considerable legume hay. Screen- 
ings are fed extensively to fattening lambs, 
especially in the wheat-growing areas of the 
West. Often they are used as the only con- 
centrate. At the start light-weight, chaffy 
screenings are fed, and when the lambs are 
safely on full feed, heavier screenings, richer 
in grain, are substituted. In a Canadian trial 
No. 1 ground recleaned feed screenings were 
a satisfactory substitute for one-third of the 
corn in a broiler ration. 234 A larger propor- 
tion of screenings reduced the gains and feed 
efficiency. Various proportions of screenings 
are used in certain of the lower-grade mixed 
feeds, especially those for dairy cows. 

The composition and value of alfalfa- 
seed screenings and other legume-seed 
screenings have been discussed earlier in this 
chapter. (850) 

Cheat seed ( Bromus secalinus), or 
chess, which is a common weed in grain 
fields, resembles oats in composition. Ground 
cheat was about equal to ground barley 
for dairy cows in Maryland trials, when 
forming 30 per cent of the concentrate mix- 
ture. 235 It is of interest that cheat, grown 
as a crop, produced more pounds of seed 
per acre than oats. 



> 






OTHER SEEDS AND THEIR BY-PRODUCTS 


In Montana tests dairy cows ate con- 
centrate mixtures readily which contained 

10 per cent of wild mustard seed or 8 per 
cent of fanweed seed . 236 The milk yield was 
as high as on a normal mixture and the 
flavor, of the milk was not injured. 

$78. Sunflower seed; sunflower seed oil 
meal. — In some countries, as in Argentina 
and Russia, sunflowers are an important crop 
fpr oil production. Also, the hulled seeds are 
used for human food. Recently, consider- 
able acreages of low-growing varieties of 
sunflowers have been grown in western 
Canada for oil processing, and there has 
been some interest in sunflowers for oil 
production in this country. The use of sun- 
flowers for forage has been discussed in 
Chapter XIX. 

Only a very small amount of sunflower 
seed is raised here for feed, because other 
crops produce much larger yields of feed 
per acre. A small amount of sunflower seed 
(usually not more than 1 or 2 per cent) 
is often included in commercial mixed 
scratch grains for poultry, because of the 
distinctive and attractive appearance of the 
seeds. 

Sunflower-seed oil meal or cake , made 
from thoroughly-hulled seed is even higher 
than soybean oil meal in protein, but that 
made from unhulled seed has only 20 per 
cent protein, or even less. Sunflower-seed oil 
cake is well-liked by stock and keeps well in 
storage. It is popular in Europe for all classes 
of stock, especially dairy cows. 287 It is said 
to resemble linseed meal in its favorable 
effect. Because of the character of the oil it 
contains, hydraulic-process or expeller-proc- 
ess sunflower-seed meal or cake tends to 
produce soft pork, and it also makes the 
butter soft, if fed in large amounts to dairy 
cows. 

Sunflower-seed oil meal should not be 
used as the only protein supplement for 
poultry or swine, because the protein is 
rather low in lysine. 238 Over-heated sun- 
flower-seed oil meal is especially deficient 
in lysine, which is destroyed by undue heat. 
Sunflower-seed oil meal should be combined 
with such a supplement as meat scrap or fish 
meal, which are rich in lysine. In swine or 
poultry rations it can partially replace soy- 
bean oil meal. 

In Florida experiments sunflower-seed 

011 meal was fully equal to cottonseed meal 
as the protein supplement for fattening 
steers, but was decidedly inferior to soy- 
bean oil meal or peanut oil meal as the only 
protein supplement to corn and alfalfa meal 
for pigs. 289 In an Illinois test a combination 


of sunflower-seed oil meal, soybean oil meal, 
and alfalfa meal, was a good supplement to 
corn for pigs, 240 

QUESTIONS 

1. Discuss the composition and nutritive 

value of soybeans. 

2. For what classes of stock does cooking 

greatly increase the value of soy- 
beans r 

3. Describe the three oil-milling methods. 

4. Why is soybean oil meal a popular feed? 

5. What is soybean mill feed? 

6. Discuss the use of soybeans for: (a) 

Dairy cattle; (b) beef cattle; (c) 
sheep; (d) horses and mules; (e) 
swine; (f) poultry. 

7. Compare the value of soybean oil meal 

and soybeans for each of the above 
classes of stock. 

8. Discuss the composition and nutritive 

value of cottonseed meal. To what 
classes of stock should cottonseed meal 
be fed only in strictly limited 
amounts? Why? 

9. Compare the value of cottonseed meal 

and of soybean oil meal or linseed 
meal for: (a) Dairy cattle; (b) beef 
cattle; (c) sheep; (d) horses and 
mules; (e) swine; (f) poultry. 

10. If the following are important in your 

district, discuss the composition and 
value: (a) Cottonseed feed; (b) 
whole-pressed cottonseed; (c) cotton- 
seed. 

11. Discuss the composition of cottonseed 

hulls and their value for: (a) Dairy 
cattle, (b) beef cattle, (c) sheep. 

12. Why is not flaxseed commonly used as 

a feed? 

13. Discuss the composition and nutritive 

value of linseed meal. 

14. What is the value of linseed meal in 

comparison with other protein supple- 
ments for: (a) Dairy cattle; (b) beef 
cattle; (c) sheep; (d) horses and 
mules; (e) swine; (f) poultry? 

15. How are peanuts used for stock feed- 

ing? 

16. Discuss the composition and value of: 

(a) Peanut oil meal; (b) unhulled 
peanut oil feed; (c) peanut skins; 
(d) peanut hulls. 

17. Discuss the composition and use of any 

of the following that are of import- 
ance in your district: (a) Cull beans; 

(b) cowpeas; (c) lespedeza seed; 
(d) peas; (e) pea feed; (f) velvet 
beans. 

18. Compare the composition and feeding 
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value of coconut oil meal and corn 
gluten feed. 

19. Discuss the composition and use of any 
of the following that are fed to live- 
stock in your section: (a) Acorns; 
(b) babassu oil meal; (c) palm-kernel 
oil meal; (d) rape-seed oil meal; (e) 
safflower oil meal; (f ) sesame oil meal; 
(g) screenings; (h) sunflower seed; 
(i) sunflower seed oil meal. 
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CHAPTER XXIII 

MISCELLANEOUS CONCENTRATES 


I. Cow’s Milk and Milk 
By-products 

879. Nutritive value of milk, — 
Whole milk is nearly a perfect food for 
young mammals. The great nutritive 
merits of milk have been considered in 
detail in Chapter IX, as well as the defi- 
ciencies that develop when milk is fed 
to young animals as the only food for 
an unnaturally long time. (269) The ef- 
fects of various factors upon the com- 
position and nutritive value of milk are 
discussed in detail in Chapters X and 
XXV. 



Dairy Calves Need Milk 

It is difficult to raise thrifty dairy calves 
unless they get a good start on milk. 


It is important to note that pasteuri- 
zation does not decrease the value of 
whole milk or of skimmilk, buttermilk, 
or whey for feeding dairy calves or other 
farm animals. 1 

880. Whole milk. — Whole cow’s 
milk is too valuable for human food to 
be fed to livestock under usual condi- 
tions, except in the case of young dairy 
calves until they become old enough to 
live on other feeds. The use of whole 
milk for this purpose is discussed fully 
in Chapter XXVII. It is not necessary 
to continue the feeding of whole milk 


to calves longer than 2 to 4 weeks, if £ 
plentiful supply of skimmilk is available 
or if reconstituted skimmilk (made from 
dried skimmilk) or an efficient milk re- 
placer is fed. When other methods are 
followed, whole milk should generally be 
fed for a longer period. 

One should not hesitate to use whole 
milk when needed in rearing an orphan 
foal or lamb, and young stock being 
fitted for show can be forced ahead rap- 
idly by its judicious use. Milk moderate 
in fat content gives better results with 
young calves or pigs than milk very high 
in fat. (269) 

Whole milk has about 3 per cent 
or more of casein, 0.5 per cent albumin, 
and traces of other proteins. It contains 
from 4.8 to 5.0 per cent of milk sugar, 
which is shown in feeding stuff analyses 
as nitrogen-free extract. Milk sugar is 
only slightly sweet, is much less sol- 
uble than cane sugar, and has about the 
same feeding value as starch. When milk 
sours, some of the sugar is changed to 
lactic acid, which curdles the casein. 
This fermentation ceases when about 
0.8 per cent of acid has developed, so 
that in sour milk usually most of the 
sugar is still unchanged. 

It is shown in Chapter XXV that the 
percentage of fat varies widely, depend- 
ing on individuality, breed of cow, and 
the portion of the milk drawn. The 
strippings sometimes contain 10 times as 
much fat as the first-drawn milk. 

Whole milk contains both vitamin A 
and carotene. The relative proportions 
of these depend on the breed of cow, 
as is pointed out in Chapter XXV. 
( 1043 ) 

881. Skimmilk. — Because of the re- 
moval of most of the fat, skimmilk is 
slightly higher than whole milk in con- 
tent of protein, milk sugar, and minerals. 
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Skimmilk from properly-adjusted cen- 
'• trifugal separators has only 0.03 to 0.10 
I per cent fat. „ 

% Because of the low fat content, 
skxnfmilk supplies but little vitamin A 
. \^Iue y % since nearly all the vitamin A 
jeo^d/opotene in milk are contained in 
the £jp; Skimmilk also furnishes consid- 
erably less energy than whole milk per 
V ipj lbs. because of the removal of the 
energy-rich fat. Skimmilk is rich in ribo- 
I flavin and is a good source of vitamin 
B 12 and other B-complex vitamins. 

In feeding skimmilk, it should be 
borne in mind that it is very high in 
protein, on the dry matter basis. Because 
of this, there is no need of having other 
protein supplements in the ration when 
sufficient skimmilk is used. Instead, to 
secure the maximum value from skim- 
milk, it should be fed with cereal grain 
or other concentrates low in protein. 

Skimmilk is used chiefly for dairy 
Calves, pigs, and poultry. When fed in 
suitable amounts to these classes of 
stock, it has a considerably higher value 
per 100 lbs. than an equal amount of 
nutrients in the feeds from other animal 
sources, such as tankage, meat scrap, 
or fish meal. Skimmilk and other dairy 
by-products have an especially high 
value for poultry, largely because of 
their richness in riboflavin. Since skim- 
milk lacks vitamin A, it is highly im- 
portant that the ration include other 
feeds which furnish plenty of vitamin A 
value. 

Full information on the use of skim- 
milk in raising dairy calves is given in 
Chapter XXVII. It is there shown that 
just as thrifty calves can be raised when 
they are changed entirely from whole 
milk to skimmilk by 3 to 6 weeks of age, 
as when whole milk is continued longer. 
The use of skimmilk for swine and poul- 
try is discussed in later paragraphs. ( 884- 
887) 

If more skimmilk is available than 
can be used for calves, pigs, and poul- 
try, it may be fed to dairy cows and 
heifers. Only a few cows will drink 
skimmilk, but it may be poured on the 
concentrate mixture in a pail, and this 
mixture then fed on top of the silage. 


In Minnesota trials 8 lbs. of skimmilk 
replaced 1 lb. of linseed meal when 
dairy cows were thus fed 2 lbs. of skim- 
milk per pound of grain mixture, and 
the value of skimmilk for dairy heifers 
was similar. 2 Skimmilk did not have 
quite as great a value as this for dairy 
cows in tests by the United States De- 
partment of Agriculture. 3 

882. Importance of pasteurizing 
factory by-products. — Farmers should in- 
sist that skimmilk, buttermilk, or whey 
be thoroughly pasteurized or sterilized 
at the factory to kill all disease-produc- 
ing bacteria, before they take it back 
to the farm for feeding. Otherwise, bo- 
vine tuberculosis, brucellosis, or other 
diseases may be widely spread from a 
diseased herd. The pasteurized product 
also keeps better and is less likely to 
cause scours. Pasteurization is likewise 
advantageous to the factories, for the 
milk cans may be more readily kept in 
good condition and the quality of the 
milk delivered at the factory will thus 
be improved. 

883. Buttermilk. — Unless wash wa- 
ter from the churn has been added, but- 
termilk has practically the same com- 
position as skimmilk, except that it 
usually contains 0.4 per cent or more of 
fat. Also, in buttermilk from sour cream 
a part of the sugar has been changed 
to lactic acid. Buttermilk of good qual- 
ity is a satisfactory substitute for skim- 
milk in feeding calves, pigs, and poul- 
try, undiluted buttermilk being worth 
about as much as skimmilk. 

Since buttermilk often has a more 
laxative effect than skimmilk, calves 
should not be changed to it quite so 
early as in the case of skimmilk. Butter- 
milk that is allowed to ferment and 
putrefy in dirty tanks is a dangerous feed. 

884. Skimmilk and buttermilk for 
swine. — Because of the richness in ex- 
cellent-quality protein, either skimmilk 
or buttermilk is an ideal protein supple- 
ment for all swine. When either skim- 
milk or buttermilk is used as the sup- 
plement to grain for pigs, the gains will 
generally be slightly more rapid than 
when tankage or fish meal is used as the 
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only supplement. These feeds are of es- 
pecially high value for young pigs be- 
fore weaning and also for several weeks 
after weaning. 

It must be borne in mind that skim- 
milk, buttermilk, and whey are all very 
low in vitamin A value and that they 
have practically no vitamin D. For all 
swine not on pasture, good legume hay 
should therefore be fed, if possible, in 
addition to grain and these daily by- 
products. Legume hay is especially nec- 


luted by the addition of churn washings 
has about the same value as skimmilk 
for swine. 4 Storage of buttermilk for a 
few days under sanitary conditions does 
not injure its value. 5 

The feeding of skimmilk, butter- 
milk, or whey to pigs helps to reduce 
infection with roundworms and other in- 
testinal worms. 6 

885. Amount of skimmilk or butter- 
milk to feed swine. — Skimmilk and but- 
termilk are too rich in protein and also 



Skimmilk Is an Excellent Feed for Pigs and Calves 

Rich in protein of the highest quality and high in calcium and phosphorus, skimmilk 
is a superior feed for young animals. These young pigs are being fed skimmilk and a suitable 
concentrate mixture inside the 'creep/' where the sows cannot enter. (From Wisconsin 
Station.) 


essary when little or no yellow corn is 
fed, and also for young pigs during 
winter when they are not protected 
against rickets by abundant exposure to 
sunlight. 

For pigs before and soon after wean- 
ing, skimmilk is best if fed fresh. If sour 
milk is used, it should always be fed 
sour, and not sweet at one feeding and 
sour at the next. To prevent the intro- 
duction of disease, dairy by-products 
should be pasteurized at the creamery 
or cheese factory before being returned 
to the farm. 

Numerous experiments have shown 
that buttermilk which has not been di- 


too watery to produce economical gains 
when fed alone. They should therefore 
always be fed with grain or other car- 
bohydrate-rich concentrates. These dairy 
by-products have the greatest value 
when no more is used than will balance 
the ration. Much larger amounts can, 
however, be fed to swine when a sur- 
plus is available, after the dairy calves 
and poultry have had sufficient. 

The additional skimmilk or butter- 
milk that may be used beyond the 
amount needed to balance the ration will, 
of course, be worth much less per pound 
than the portion that is actually needed 
as a protein supplement. This is be- 
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caus'e the pigs will be able to use the 
excess skimmilk only as a source of en- 
ergy and not as a high-quality protein 
supplement. . 

The lessened value of skimmilk or 
buttermilk when more is fed than needed 
is well shown by 2 Ohio tests. 7 Young 
pigs were fed until they were ready for 
market on various proportions of skim- 
milk and corn, in comparison with others 
fed com and tankage. When 1 lb. of 
skimmilk was fed with each pound of 
corn, skimmilk was worth 51 cents per 
100 lbs., but when 3 lbs. of skimmilk 
were fed per pound of corn, the value 
was reduced to 30 cents. When the pigs 
were allowed to drink all the skimmilk 
they would take in addition to a full 
feed of corn, each 100 lbs. of the skim- 
milk was worth only 21 cents. 

Because of the high efficiency of 
milk protein as a supplement to the 
cereal grains, pigs fed grain and either 
skimmilk or buttermilk do not require 
quite as much protein as is advised in 
the feeding standards. 

The proportion of skimmilk or but- 
termilk that is needed to balance com 
or other grain will depend on the age 
of the pigs. Just after weaning, pigs re- 
quire so much protein that 4 to 6 lbs. of 
skimmilk or buttermilk are needed to bal- 
ance each pound of corn. This is a 
larger proportion of milk than pigs will 
usually take when they are full-fed on 
corn. Therefore, milk should preferably 
be used at this time in combination with 
' a limited amount of other protein sup- 
plements. An excellent combination is 
corn, skimmilk, and a small amount of 
wheat middlings or linseed meal (with 
legume hay in addition for pigs not on 
pasture). 

As the pigs grow older, the propor- 
tion of skimmilk or buttermilk needed 
to balance the ration decreases as fol- 
lows: Pigs weighing 50 to 100 lbs., 2.5 
to 3 lbs. milk to 1 lb. corn; pigs weigh- 
ing 100 to 150 lbs., 2 to 2.5 lbs. milk 
to 1 lb. corn; pigs weighing 150 to 200 
lbs., 1.5 to 2.0 lbs. per pound of corn; 
and pigs weighing over 200 lbs. only 
1.0 to 1.5 lbs. of milk for each pound of 
com. Where barley or wheat is fed in 


place of com, only about one-half to 
two-thirds as much milk is needed for 
each pound of grain as with com. Pigs 
fed corn on good pasture will need only 
about one-half as much milk for each 
pound of grain. 

If the above amounts of milk are 
available, there is no need of adding 
any other protein-rich feed. Adding a 
protein supplement like tankage to a ra- 
tion of grain and plenty of skimmilk 
may increase the rate of gain of pigs a 
trifle, but the use of the tankage will be 
uneconomical. 8 On the other hand, if 
there is not quite enough skimmilk to 
balance the ration, then it will pay to 
feed a small amount of some other sup- 
plement, like tankage, linseed meal, or 
wheat middlings. 

As the pigs grow older, the propor- 
tion of skimmilk or buttermilk needed 
to balance the ration decreases, but the 
pigs eat more grain per head daily. 
Therefore, after pigs reach a weight of 
40 to 50 lbs., the weight of milk that is 
needed per head daily to balance the 
ration remains about constant. For pigs 
not on pasture that are full-fed com and 
supplied with legume hay in addition, 6 
lbs. of skimmilk or buttermilk per head 
daily will produce rapid and economical 
gains. 9 The rate of gain may be a trifle 
more rapid when more is fed, but gen- 
erally the value of the milk per 100 lbs. 
will be less. 

For pigs full-fed com on good pas- 
ture, a daily allowance of only 3 to 4 
lbs. of milk per head is satisfactory. 10 
If an abundance of milk is available, the 
gains can be increased slightly by feed- 
ing 4 to 6 lbs. of milk a day, but the 
milk will then have a lower value per 
100 Ibs * 

When there is a surplus of skimmilk 
or buttermilk that cannot be utilized by 
other stock, it does no harm to let swine 
have a large amount of milk, even all 
they will drink. In Wisconsin trials young 
sows allowed 20 to 30 lbs. of skimmilk 
per head daily during pregnancy had ex- 
cellent litters. 11 Their pigs were larger 
and more vigorous than those from sows 
fed tankage as the protein supple- 
ment. 
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886. Money value of skimmilk or 
buttermilk for swine. — The value of 
skimmilk as a protein supplement for 
swine has been determined in numerous 
experiments, by comparing a ration of 
corn and skimmilk with a ration of corn 
and tankage or some other efficient sup- 
plement. To make the comparison re- 
liable, just enough of skimmilk and of 
the other supplement must be fed to 
balance the ration properly. 

In 12 such experiments pigs not on 
pasture have been fed corn (usually 
yellow corn) and skimmilk in compari- 
son with others fed corn and tankage 
from a weight of about 75 lbs. until 
ready for market. 12 The pigs fed skim- 
milk and com gained 1.36 lbs. a day, on 
the average, in comparison with 1.24 
lbs. for those fed tankage. In these trials 
each 100 lbs. of skimmilk saved 7.3 lbs. 
tankage, plus 10.9 lbs., com, without 
giving any credit for the more rapid 
gains produced by feeding skimmilk. 
The high value of the dry matter in skim- 
milk is shown by the fact that 100 lbs. 
of skimmilk, containing only 9.5 lbs. dry 
matter, replaced 15.7 lbs. of dry matter 
in corn and tankage. 

For young pigs not on pasture, nei- 
ther corn and skimmilk nor com and 
tankage is an ideal ration. These rations 
can both be improved by adding a small 
amount of good legume hay. It is there- 
fore important to know the value of skim- 
milk when it is compared with tankage 
in an ideal dry-lot ration which includes 
legume hay. In 6 such experiments fully 
as good a showing was made by skim- 
milk as in the experiments mentioned 
previously. 13 When skimmilk was tested 
in this critical way, the gains of the pigs 
fed skimmilk were a trifle more rapid 
than of those fed tankage. Each 100 lbs. 
of skimmilk was equal to 7.0 lbs. of 
tankage plus 11.7 lbs. corn or equiva- 
lent. 

These 6 trials give the best measure 
of the value of skimmilk or buttermilk 
per 100 lbs. when just about enough is 
fed to balance a ration. From these fig- 
ures the money value of these dairy by- 
products under local conditions can read- 
ily be found. For example, with tankage 


at $100 a ton and com at $1.40 per ^ 
bushel ($50 a ton), skimmilk or butter- 
milk is worth about 64 cents per 100 N?; * 
lbs. A > 

An older method often used for 
valuing skimmilk is to estimate that iOO 7 ; , 
lbs. of skimmilk are approximately .equal' 
in value to one-half bushel of corn. This 
is a somewhat less accurate basis, for 
skimmilk replaces both corn and pro- 
tein supplement, and the prices of corn 
and supplements do not always rise and 
fall in the same proportion. 

For very young pigs up to 50 or 60 
lbs. in weight, skimmilk or buttermilk 
will have an even higher value than 
shown in these experiments. Also, „ the 
value will be higher when only a very 
limited amount of skimmilk or butter- 
milk is fed to pigs in combination with 
grain and a small amount of other pro- 
tein supplements. 

When considerably more skimmilk 
or buttermilk is fed than is needed, the 
additional amount is worth only about 
one-half as much per 100 lbs. as the 
quantity that is really needed to balance 
the ration. Also, the value of these dairy 
by-products is somewhat less per 100 lbs. 
for pigs on good pasture than for those 
in dry lot. 14 This is because good pasture 
helps furnish some of the nutritive fac- 
tors that make milk such an excellent 
feed. 

If a ration already contains a suffi- 
cient amount of tankage, fish meal, or 
other efficient protein supplement to bal- 
ance it properly, it is uneconomical to 
add skimmilk or buttermilk to it. 15 The 
other protein supplements should be 
omitted, or else reduced in amount if 
there is not enough milk to balance the 
ration completely. 

887. Skimmilk and buttermilk for 
poultry. — Dairy by-products have high 
values for poultry. Not only does milk 
furnish excellent protein, but also its 
high content of riboflavin is of particular 
value for poultry. Also, milk supplies nia- 
cin, vitamin B 12 , and certain of the uni- 
dentified vitamins. (222) In addition, j 

milk is rich in calcium and phosphorus. 

The beneficial effect of dairy by-prod- 
ucts in poultry rations is partly due to 
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the effect produced by milk sugar in 
♦ helping to, -prevent the development of 
undesirable bacteria in the digestive 
tra@t. 

# When liquid skimmilk or buttermilk 
ds -available, poultry may be allowed to 
Hrink* all they wish, as a substitute for 
part or all of the protein supplements 
usually included in the ration. The 
amount taken by 100 hens will usually 
be 12 to 14 quarts a day. 

Reasonably good egg production 
can be secured when hens are fed only 
grain with all the milk they will drink. 16 
Such a ration is much better for hens on 
good range than for those which are con- 
fined. 

In summer flies, which are the in- 
termediate host of tapeworms, are apt 
to be present in large numbers around 
the vessels in which milk is fed. In Kan- 
sas tests the feeding of liquid milk 
greatly increased the infestation of hens 
with tapeworms for this reason, but it de- 
creased the number of other worms pres- 
ent in the birds. 17 There was no effect 
on egg production, but the greater in- 
festation with tape worms might have 
been more harmful at an early age. 

888. Whey. — In making cheese, 
practically all the casein and most of the 
fat go into the cheese, leaving in the 
whey the milk sugar, the albumin, and a 
large part of the ash. Whey is more 
watery in composition than skimmilk, 
containing less than 7 per cent dry mat- 
ter. Whey from Cheddar and most other 
types of cheese has about 5.0 per cent 
milk sugar and 0.3 per cent fat, with 
only 0.9 per cent protein. Whey from 
Swiss cheese contains 0.8 to 1.0 per cent 
fat To save the fat for butter manufac- 
ture, whey (especially from Swiss 
cheese) is often skimmed at the factories. 
Skimmed whey is worth slightly less than 
unskimmed whey. 

Whey has only about one-third as 
much calcium and phosphorus as skim- 
milk, as whey has but 0.05 per cent cal- 
cium and 0.04 per cent phosphorus. It 
is nearly as rich in riboflavin as is skim- 
milk. 

In feeding whey it is very necessary 
to bear in mind the fact that most of the 


protein has been removed, and that whey 
is not a protein-rich feed, like skimmilk 
and buttermilk. The milk albumin it 
does contain is, however, of high effi- 
ciency in making good the deficiencies 
in the proteins of the cereal grains. 

Whey is fed chiefly to swine, for 
which purpose it is worth about one-half 
as much per 100 lbs. as is skimmilk. It 
can be used satisfactorily for raising 
dairy calves when it is fed with a con- 
centrate mixture that is rich in protein. 
Whey can also be fed to poultry as a 
source of riboflavin. 

Whey should always be pasteurized 
at the factory to prevent the spread of 
disease and should be fed under sanitary 
conditions. Whey soured in clean con- 
tainers is as valuable as sweet whey, but 
that from a filthy whey tank may be a 
very unsatisfactory feed. 

889. Whey for dairy calves. — 
Whey can be successfully used for calf 
feeding, if it is fed with a suitable pro- 
tein-rich grain mixture and if it is of 
sanitary quality. An excellent mixture for 
feeding with whey is 30 lbs. ground corn, 
30 lbs. standard wheat middlings, and 
40 lbs. linseed meal. 

Two Wisconsin trials show the good 
results that can be secured with whey 
under proper conditions. 18 Calves were 
changed gradually from whole milk to 
skimmed whey at 3 weeks of age dur- 
ing a period of 10 days. In addition, they 
were fed clover hay and the protein-rich 
mixture mentioned previously. The al- 
lowance of whey was gradually increased 
to 14 lbs. per head daily at 6 weeks of 
age. These calves made normal gains 
and were vigorous and thrifty, though 
they did not gain quite so rapidly as 
calves fed a liberal amount of skimmilk. 

890. Whey for swine. — Because of 
the superior quality of protein in whey, 
well-grown pigs weighing over 100 lbs. 
will make excellent gains on a ration of 
only whey fed with barley or wheat, 
without any high-protein supplement. 
For example, in Wisconsin tests such 
pigs gained even more rapidly on a ra- 
tion of 7.8 lbs. barley plus what whey 
they would drink (an average of 18.4 
lbs. a day) than others did on barley 
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and tankage. 19 Likewise, in 2 California 
experiments pigs fed barley and whey 
gained nearly as rapidly as those fed bar- 
ley and skimmilk. 20 

For younger pigs some protein-rich 
feed, such as linseed meal or wheat mid- 
dlings, should be added to the grain and 
whey to balance the ration. It is not 
necessary to use a protein supplement 
which furnishes high-quality protein, be- 
cause of the excellent protein the whey 
contains, even though the amount of it 
is small. With corn and whey, a protein 
supplement should be fed even to pigs 
over 150 lbs. in weight, for corn has con- 
siderably less protein than does barley or 
wheat. For pigs not on pasture, legume 
hay should be provided in addition to 
grain and whey, in order to supply vita- 
mins A and D. 

In the Wisconsin trials skimmed 
whey was worth about one-half as much 
per 100 lbs. as skimmilk, and the value 
of whey was even higher in the Califor- 
nia trials. Unskimmed whey from Ameri- 
can or Cheddar cheese factories will be 
worth a trifle more than skimmed whey, 
and unskimmed whey from Swiss cheese 
factories will have a higher value. 

In continental Europe pigs are often 
fattened on cooked potatoes and whey 
with a small allowance of grain, and with 
a protein supplement, at least until they 
reach a weight of about 130 lbs. 21 

891. Whey for poultry. — Whey in 
liquid form is not often fed to poultry, 
but when available, it can be given as a 
drink or used to moisten the mash. It 
must be remembered that whey is low in 
protein and therefore is not a substitute 
for protein-rich feeds. However, it will 
fully take care of the riboflavin require- 
ments. 

892. Dried skimmilk; dried butter- 
milk. — Considerable quantities of skim- 
milk and buttermilk are dried at the fac- 
tories to produce dried skimmilk and 
dried buttermilk. Because of their high 
value in human foods, these products 
are commonly too high in price to be 
used largely for stock feeding. A small 
percentage is often included in poultry 
mashes, especially for chicks and broilers, 
and they are also used in calf starters 


and milk replacers for dairy calves and 
in pig starters or in mixtures for creep- 
feeding pigs. 

Dried skimmilk sold for human food 
is now called ‘nonfat dry milk solids” or 
“defatted milk solids” under Federal reg- 
ulations. When sold for livestock feeding 
it is commonly called dried skimmilk, 
dried skimmed milk (feeding), dry skim- 
milk, or powdered skimmilk. 

One pound of dried skimmilk or of 
dried buttermilk has approximately the 
same composition and feeding value as 
10 lbs. of liquid skimmilk or buttermilk, 
respectively. Dried skimmilk contains an 
average of 33.1 per cent protein, 51.1 
per cent milk sugar, 8.0 per cent min- 
erals, and 1.1 per cent fat. Dried butter- 
milk is a little lower in protein and ap- 
preciably lower in nitrogen-free extract 
(chiefly milk sugar), but has an average 
of 6.1 per cent fat. Because of the alka- 
lies used in partially neutralizing very 
sour cream, dried buttermilk is higher 
than dried skimmilk in minerals. Accord- 
ing to the definition of the American As- 
sociation of Feed Control Officials, dried 
buttermilk (feeding) must not contain 
more than 8 per cent of water or more 
than 13 per cent of mineral matter, and 
must have not less than 5 per cent of 
butterfat. 22 

Dried skimmilk and dried butter- 
milk are very rich in riboflavin, and their 
high value in poultry feeding is due 
largely to this fact. 

893. Dried skimmilk; dried butter- 
milk for dairy cattle. — As is pointed out 
in Chapter XXVII, dried skimmilk or 
dried buttermilk is an excellent protein 
supplement for use in a “calf starter,” or 
calf meal, for raising dairy calves in mar- 
ket-milk and condencary districts, where 
skimmilk is not available. In such locali- 
ties calves are also often raised on recon- 
stituted, or remade, skimmilk or butter- 
milk. This is prepared by mixing dried 
skimmilk or dried buttermilk with warm 
water at the rate of 1 lb. to 9 lbs. of 
water. First mix the dried product to a 
smooth paste with an equal weight of 
cold water and then add 8 parts more of 
warm water. This solution will have 
practically the same composition as fluid 
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skimmilk or buttermilk, and can be used 
I like skimmilk in raising calves. 

When the reconstituted milk is fed 
in the same manner and in the same 
amounts as skimmilk or buttermilk, 
nearly as good results can be secured 
with it. 23 The difficulty is that these dried 
products are often expensive. Changes 
can be made freely from skimmilk to re- 
constituted skimmilk or from buttermilk 
to reconstituted buttermilk, if the supply 
of the fluid by-products varies from day 
to day. 

Unless the feeding of some whole 
milk is continued for at least 3 to 4 
weeks, the calves are apt not to thrive or 
to make good gains on such reconstituted 
milk. 24 This is often the case, even when 
a supplement is added to supply the vi- 
tamin A value that skimmilk lacks. 

Recently, surplus dried skimmilk, 
purchased by the United States Govern- 
ment under the price support plan, was 
released and sold to feed manufacturers 
at a price comparable to that of other 
common protein supplements. A New 
York test at that time showed that 5 or 
10 per cent of dried skimmilk was a very 
satisfactory substitute for linseed meal in 
a concentrate mixture for dairy cows. 25 
In earlier Wisconsin trials dried skimmilk 
or dried whey did not have any effect 
on milk production when included in the 
concentrate mixture, but dried whole 
milk caused a small increase in fat test. 26 

894. Dried skimmilk; dried butter- 
milk for swine. — These dried dairy by- 
products are generally too expensive to 
be economical protein supplements for 
swine, except perhaps for very young 
pigs. They have a considerably higher 
value, in comparison with tankage or fish 
meal, for dairy calves being raised on a 
minimum amount of milk and for poul- 
try, than they do for swine. 

If no fluid skimmilk or buttermilk 
is available for young pigs at weaning 
time and for a few weeks afterward, a 
little more rapid growth results when 2 
to 5 per cent of dried skimmilk or dried 
buttermilk is included in the ration. 
However, the cost of the gains is gen- 
erally less when such a protein supple- 


ment as the trio mixture is fed, without 
the dried dairy by-products. 27 

When maximum growth of pure- 
bred pigs is desired, regardless of the ex- 
pense, and no fluid skimmilk or butter- 
milk is available, excellent results are 
secured when 5 to 10 per cent of dried 
skimmilk or dried buttermilk is included 
in the ration, at least until the pigs reach 
a weight of 50 to 75 lbs. These dairy by- 
products should not be self-fed sepa- 
rately, free-choice, for they are so palat- 
able that the pigs will eat much more 
than they need. 

If dried skimmilk or dried butter- 
milk is used as the only protein supple- 
ment, a much larger proportion is needed 
to balance a ration than with tankage, 
meat scrap, or fish meal. This is because 
of the much lower protein content of 
these dried dairy by-products. For this 
reason, dried skimmilk and dried butter- 
milk have been worth only about 90 per 
cent as much a ton as tankage or fish 
meal in experiments where they have 
been used as the only protein supple- 
ment, and the cost is generally much 
higher than this. 28 

895. Dried skimmilk; dried butter- 
milk for poultry. — These dairy by-prod- 
ucts are now used much less commonly 
in poultry rations than some years ago, 
because of their wide use in human 
foods. Instead, dried whey and other 
whey products are more general in form- 
ula poultry mashes. 

In early experiments the results with 
both chicks and laying hens were usually 
better when dried skimmilk or dried 
buttermilk was used in the ration than 
without any dairy by-product. However, 
with the modem knowledge of animal 
nutrition, it is now possible to make just 
as efficient rations without them. In such 
rations the vitamins and high-quality 
protein furnished by milk products are 
supplied by other supplements. 29 

Sometimes 1.0 to 2.5 per cent or 
more of dried skimmilk or dried butter- 
milk is included in poultry mashes, es- 
pecially for chicks and broilers. 

896. Dried whole whey; other 
dried whey products. — Dried whole 
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whey, also called dried whey, is made 
by drying whey from cheese manufac- 
ture or from the manufacture of casein 
from skimmilk. It has an average of 12.8 
per cent protein and 70.1 per cent milk 
sugar. One pound of dried whey is equal 
to 13 or 14 lbs. of liquid whey in nu- 
trients. 

Dried whey is especially rich in ribo- 
flavin and pantothenic acid, and has a 
good content of niacin and vitamin B 12 . 
It also supplies two of the unidentified 
B-complex vitamins. (222) Due to its 
high lactose content, dried whey is very 
laxative, if too much is included in a ra- 
tion. 

Because of its high riboflavin con- 
tent, dried whey is used chiefly in poul- 
try feeds. 29 It is also used in some 'calf 
starters,” or calf meals. Dried whey is 
also included in some supplemental mix- 
tures for pigs, especially for young pigs. 30 
Its value for pigs seems to be somewhat 
lower than for poultry. By a special proc- 
ess of fermentation before drying, forti- 
fied dried whey is made which is par- 
ticularly high in riboflavin. 

Dried whey-product is the dried 
product resulting from the partial re- 
moval of milk sugar from clean, sound 
whey. 22 It has more protein but less lac- 
tose than dried whey, and is used simi- 
larly in poultry rations. 

Dried whey solubles is the product 
resulting from the removal of albumin 
and the partial removal of milk sugar 
from whey. 

897. Condensed or evaporated dairy by- 
products. — Condensed or evaporated butter- 
milk , also called “concentrated buttermilk” 
and “semi-solid buttermilk,” is made by 
evaporating buttermilk until it is reduced 
to about one-third the original weight. 
Though condensed buttermilk is semi-solid, 
it generally contains about 70 per cent water, 
and fully 3 lbs. are required to equal 1 lb. of 
dried buttermilk or dried skimmilk in amount 
of milk solids. It is usually more expensive 
than an equivalent amount of dried skim- 
milk or buttermilk, because it must be 
shipped in water-tight containers and be- 
cause of the greater cost of transporting the 
watery product. Similar condensed skimmilk 
is sometimes produced, and also condensed 
cultured , or soured, skimmilk. 


According to the definitions of 
Association of American Feed Control O 
cials, these condensed products must ha 
not less than 27 per cent total solids. 22 Con- 
densed buttermilk must have not less than 
0.055 per cent of butterfat and not morp 
than 0.14 per cent of ash for each per cefct 
of solids. 

Condensed buttermilk or condensed 
skimmilk is used chiefly for poultry feeding, 
but it has been replaced largely by difed 
buttermilk or dried skimmilk, because Wi 
their lower cost per pound of milk solids. 
In a study of the cost of producing broilers 
in Arkansas it was found that the poultrymen 
who fed condensed milk supplements in ad- 
dition to the other feed made less profit 
than those who fed none of these condensed 
products. 31 

Condensed buttermilk may be used in 
the same manner as dried buttermilk in 
making reconstituted buttermilk for feeding 
dairy calves. 32 However, it takes about 3 
lbs. of condensed buttermilk to 7 lbs. of 
water to equal fluid buttermilk in nutrients. 
If a more dilute solution is fed, as is cilen 
done, the feeding of a given amount of the 
solution will obviously not produce as good 
gains as the same weight of skimmilk or 
buttermilk. The acidity in semi-solid butter- 
milk sometimes causes calves to scour 
severely, and it is then necessary to neu- 
tralize it with lime water before feeding. 

In numerous experiments with pigs, 
slightly more rapid gains have usually been 
made when condensed buttermilk has been 
added to good rations containing no milk 
product, or when it has been used as a sub- 
stitute for tankage or other common supple- 
ments. 33 However, the gains have been much 
more expensive. In Wisconsin tests there was 
no benefit from adding 0.15 lb. of con- 
densed buttermilk (diluted with 30 parts of 
water) to a ration of corn and the trio sup- 
plemental mixture for pigs. 34 

Condensed whole whey is the product 
resulting from the removal of a considerable 
part of the water from clean, sound cheese 
or casein whey. 22 It should contain not less 
than 62 per cent of total whey solids. 

Condensed whey-product is the similar 
product resulting from the removal of a con- 
siderable part of the water and the partial 
removal of milk sugar from whey. It should 
have not less than 50 per cent of total whey 
solids. 

Condensed whey solubles is a product 
resulting from the removal of albumin and 
the partial removal of milk sugar from whey. 
These whey by-products are used chiefly for 
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igBdultcy, but can also be used for dairy calves 

B* p i§s * 

JP* ‘ 898. Cheese rind, or cheese meal. — 
This by-product from the manufacture of 
processed cheese consists of the cheese trim- 
mings, from which most of the fat has been 

f noved. It contains about 60 per cent pro- 
n and 9 per cent fat, thus resembling the 
best grades of tankage in composition. In 
Wisconsin tests cheese meal was an ex- 
cjifent protein supplement for pigs or 
poultry. 35 As it is more expensive than tank- 
age or meat scrap, it had best be used to 
replace not more than half the amount of 
these supplements usually fed. 

II. Meat and Fish By-products 

- 899. Meat by-products. — The meat 
by-products used for livestock feeding 
come from three sources: First, from the 
meat scrap, fat trimmings, and offal at 
the meat-packing plants and slaughter 
houses; second, from meat scrap of 
buffeher shops, hotels, etc.; and third, 
from dead animals processed for soap 
grease at rendering plants. The various 
meat by-products include tankage, meat 
scrap, meat-and-bone scrap, blood meal, 
and the different types of bone meal. 

900. Meat scrap; meat-and-bone 
scrap; digester tankage. — Two methods 
are used in processing meat by-products. 
In the newer method — the dry-render- 
ing method — the waste meat by-prod- 
ucts are cooked in an open steam-jack- 
eted vessel until the moisture has 
evaporated. Then the fat is drained off, 
the solid residue is pressed to remove as 
much of the fat as possible, and the dry 
residue is granulated or ground into a 
meal. This product is called meat scrap, 
meat meal , or sometimes dry-rendered 
tankage. Sometimes meat scrap or meat 
meal is solvent extracted to remove more 
of the fat. 

In the wet-rendering method, which 
is older, the raw material is thoroughly 
cooked by steam under pressure in closed 
tanks. The fat is then skimmed off, the 
soupy liquid drained off, and the solid 
residue pressed to remove as much of the 
fat and water as possible. 

The liquid is evaporated down until 
it becomes gluey, then being called 
“stick,” This is added to the solid residue, 


and the mixture dried and ground. This 
product is designated as digester tank- 
age, or feeding tankage. It is generally 
called merely “tankage.” The wet-ren- 
dering process is being largely replaced 
by the dry-rendering method, as the lat- 
ter is more efficient. 

The best grade of tankage is usually 
guaranteed to contain 60 per cent pro- 
tein. Often partly-dried blood is added 
before drying, to bring the protein con- 
tent up to the desired Amount. Some di- 
gester tankages contain only 55 per cent 
protein. The tankages produced at small 
rendering plants may have only 40 to 50 
per cent protein. 

According to the definitions of the 
Association of American Feed Control 
Officials meat scrap or tankage should 
not contain hair, hoof, horn, hide trim- 
mings, manure, or stomach contents, ex- 
cept in such traces as might occur un- 
avoidably in good factory practice. 22 

Meat scrap usually contains only 50 
to 55 per cent protein, but is about equal 
in feeding value to digester tankage con- 
taining 60 per cent protein. This is prob- 
ably because the protein in meat scrap 
has a higher nutritive value since it is 
subjected to less heat. Meat scrap does 
not have so strong an odor as digester 
tankage and is lighter in color. It does 
not contain blood meal or “stick.” 

When tankage or meat scrap con- 
tains so much bone that the phosphorus 
content exceeds 4.4 per cent, the word 
“bone” must be included in the name, 
such as meat-and-bone scrap, or digester 
tankage with bone. 

Certain meat by-products that do 
not contain enough fat to be used as 
sources of grease or tallow are dried di- 
rectly and marketed as high-protein meat 
meals, or are blended with tankage or 
meat scrap. 

901. Value and use of meat scrap 
and tankage. — Meat scrap and tankage 
are used chiefly as protein supplements 
for swine and poultry. Meat scrap is gen- 
erally preferred to tankage for poultry. 

High-grade meat scrap and tankage 
are not only very rich in protein, but also 
the protein effectively corrects the de- 
ficiencies in the protein of the cereal 


520 


FEEDS AND FEEDING 


grains. These animal by-products are 
high in lysine, but supply less methionine 
and tryptophan than does fish meal, and 
have less tryptophan than soybean oil 
meal, linseed meal, cottonseed meal, or 
peanut oil meal. Since corn is very low in 
tryptophan and the other grains rather 
low, meat scrap or tankage gives the best 
results when combined with a protein 
supplement that is higher in this amino 
acid. 

Meat scrap and tankage are excel- 
lent sources of vitamin B 12 and are rich 


for horses. (112) However, meat scrap 
or tankage may be used for these classes ! 
of stock, when they are a cheaper source 
of protein than such plant-protein sup- 
plements as soybean oil meal, cottonseed 
meal, or linseed meal. While these ani- 
mals may at first not like the feeds, gen- 
erally they will soon eat a mixture of 
concentrates containing the small propor- 
tion of a meat by-product that is needed 
to balance the ration. Occasionally, a cer- 
tain lot of tankage or meat scrap may 
prove unpalatable to cattle. 





Tankage ok Meat Scrap Can Be Self-fed, Free-choice 

When pigs are self-fed, free choice, on corn and tankage or meat scrap in separate 
compartments of a self feeder, they eat the proper proportion of supplement to balance the 
ration. ( From Wisconsin Station. ) 


in niacin and choline. They also supply 
certain unidentified vitamins that are im- 
portant in poultry and swine rations. 
(222) They do not supply vitamin A or 
vitamin D and are rather low in ribo- 
flavin. 

Meat scrap and tankage are espe- 
cially rich in phosphorus and calcium, 
chiefly because of the bone content. 

Meat scrap and tankage do not have 
the special value for dairy cows, beef 
cattle, sheep, or horses, that they have 
for swine or poultry. This is because the 
kind or quality of protein in the ration is 
of far less importance for ruminants and 


With dairy cows, beef cattle, and 
sheep the results are apt to be better 
when tankage or meat scrap is combined 
with better-liked supplements, than 
when used as the only protein supple- 
ments. 

902. Variations in value of tankage 
and meat scrap. — The nutritive value of 
tankage and meat scrap unfortunately 
varies considerably, depending chiefly 
on the kind of raw material from which 
they are produced. If they consist too 
largely of waste that is high in gristle, 
connective tissue, or bone, the value will 
be much lower than in the case of a 
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Iproduct containing more meat. This is 
because the protein in gristle and con- 
nective tissue, and also in bone, is of low 
value; (121) Moreover, some tankages 
contain too large a proportion of stick or 
of blood meal, both of which supply pro- 
tein of rather low quality. Such poor- 
quality products may have as high per- 
centages of protein and fat as high-grade 
tankage or meat scrap. 

As it is impossible for the usual pur- 
chaser to detect the poor quality by or- 
dinary inspection, it is wise to buy those 
products which are made by establish- 
ments of known reputation for high qual- 
ity. Occasionally, products are found on 
' the 'market which are adulterated with 
such materials as hoof meal, ground hair, 
leather meal, rumen or intestinal con- 
tents, etc. 

* The meat scrap and tankage pro- 
duced in recent years have tended to be 
of lower value than the products made 
earlier. This is because these by-products 
usually now have a smaller proportion 
of hearts, livers, kidneys, beef trimmings, 
and glandular materials, all of which 
supply good-quality protein. More of 
some of these materials are now used for 
human consumption and considerable 
amounts are used in dog and cat foods, 
or for fur animals. This change naturally 
decreases the value of these animal by- 
product feeds. It makes it even more de- 
sirable than formerly to feed pigs not on 
pasture one of the efficient supplemental 
mixtures discussed in Chapter XXXIV, 
instead of using tankage or meat scrap 
as the only supplement to grain. 

Robison of the Ohio Station has re- 
ported that in 9 experiments conducted 
up to 1920 pigs fed corn and tankage in 
dry lot made an average gain of 1.30 lbs. 
and required 389 lbs. feed per 100 lbs. 
gain. 36 In 16 similar later experiments 
the daily gain was only 1.02 lbs. and 410 
lbs. of feed were eaten per 100 lbs. gain. 

On prolonged storage the fat in such 
feeds as meat scrap, tankage, and fish 
meal tends to become rancid, through 
the splitting of free fatty acids from the 
fat. A high content of free fatty acids in 
these feeds may be detrimental, prob- 
ably not because the fatty acids are in- 


jurious, but because of destruction of vi- 
tamins and other changes which have 
occurred. 

903. Rendering-plant tankage, or re- 
duction tankage. — The rendering plants, 
which render scrap meat and bones from 
butcher shops, dead animals, etc., for 
soap grease, produce tankage of vari- 
ous qualities. This rendering-plant or 
reduction tankage is used chiefly for fer- 
tilizer, but some is fed to stock. The high 
temperature in the rendering process 
thoroughly sterilizes rendering-plant 
tankage, but care is necessary in the 
plant to prevent contamination of the 
product by contact with rats, or with 
particles of incoming material, carried 
on the shoes of the workers. If some of 
the raw material has begun to decom- 
pose before it is processed, the tankage 
may be unsuitable for feeding, and may 
be injurious. 

It is not surprising that the results 
have differed widely in the experiments 
in which rendering-plant tankage has 
been compared with high-grade tank- 
age. 37 In some tests low-protein tankage 
having only 35 to 45 per cent protein 
has been worth fully as much as high- 
grade tankage per pound of protein ac- 
tually contained. However, in other trials 
much less satisfactory results have been 
secured with rendering-plant tankage. 
Safety lies only in purchasing rendering- 
plant tankage made by a concern that 
has a reputation for producing a product 
of good quality. 

904. Tankage; meat scrap; meat- 
and-bone scrap for swine. — For swine 
feeding, tankage and meat scrap are the 
most commonly used high-protein sup- 
plements of animal origin. For this rea- 
son, they have generally been the 
standards with which other protein sup- 
plements have been compared in experi- 
ment station tests. These feeds are 
widely used as supplements for growing 
and fattening pigs and also for breeding 
stock. 

Tankage and meat scrap are very 
satisfactory as the only protein supple- 
ments to grain for pigs or brood sows on 
pasture. For swine not on pasture, field- 
cured legume hay of good quality should 
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also be included in the ration wherever 
possible. This provides vitamin A, vita- 
min D, and other vitamins that may be 
deficient when swine are fed in dry lot 
for long periods. The addition of legume 
hay is especially important for young 
pigs and brood sows during winter in the 
northern states. It is shown in Chapter 
XXXIV that certain protein supplemental 
mixtures are even more efficient for pigs 
in dry lot than the combination of tank- 
age and alfalfa or other legume hay. 

Though excellent results are gen- 
erally secured when tankage is used as 
the only supplement to grain for pigs on 
good pasture, it is shown elsewhere that 
combinations of tankage and other sup- 
plements may produce more rapid and 
economical gains, especially when self- 
fed by the free-choice method. Thus, a 
mixture of one-half tankage and one-half 
linseed meal, soybean oil meal, or cotton- 
seed meal is slightly superior for feeding 
in this manner as a supplement to corn 
for pigs on pasture. 

Meat scrap is somewhat superior to 
digester tankage having approximately 
the same percentage of protein. 38 In 6 
Ohio trials 55 per cent protein meat 
scrap was slightly more valuable than 60 
per cent protein digester tankage. 89 On 
the other hand, meat-and-bone scrap of 
the 50 per cent protein grade is generally 
worth appreciably less than 60 per cent 
protein tankage. In 14 trials pigs on 
pasture, fed such meat-and-bone scrap 
as the supplement to corn, gained as 
rapidly as those fed digester tankage, but 
they required a little more feed per 100 
lbs. gain. 40 On the average, 100 lbs. of 
the meat-and-bone scrap were equal in 
value to 85.4 lbs. of the higher-protein 
digester tankage plus 2.5 lbs. of corn. 

When pigs are self-fed corn and 
tankage or meat scrap, free-choice, in 
separate compartments of a self-feeder, 
they will usually eat about the correct 
proportions of these feeds to make a well- 
balanced ration, no matter whether they 
are in dry lot or on pasture. Because of 
the convenience and saving of labor, this * 
method of feeding is popular. Occasion- 
ally, pigs either overeat on tankage or 
else fail to take enough to balance their 


ration properly. In such cases, it may be 
necessary to discontinue free-choice feed-> 
ing and either self -feed them a miJSlfre 
of ground corn and tankage in the proper 
proportions or else self-feed the shelled 
corn and hand-feed the tankage* 

When pigs are self-fed such ; com- 
binations as barley or wheat with tSik- 
age, free-choice, they frequently overeat 
on tankage so much as to increase the 
cost of the gains decidedly. Free-choice 
feeding of such combinations is not, 
therefore, to be recommended generally. 
Instead, a mixture of the proper propor- 
tions of ground grain and tankage should 
be fed, or the grain may be self-fed and 
the necessary amount of tankage hai^d- 
fed twice daily. 

When pigs are hand-fed their ra- 
tions, it makes no difference whether the 
tankage is mixed with the other feed in 
suitable proportions or whether the 
proper amount to balance the ration is 
fed separately. There is no advantage in 
feeding the tankage in the form of a slop 
or in soaking it. 

The proportions of tankage or meat 
scrap needed to balance various rations 
for swine are shown in Appendix Table 
VII. 

905. Meat scrap; meat-and-bone 
scrap; tankage for poultry. — Meat scrap 
is the most widely used protein supple- 
ment of animal origin in poultry feeding 
and is a common ingredient of poultry 
mashes. It is well liked by poultry and 
supplies protein that corrects the de- 
ficiencies in the proteins of the cereal 
grains and their by-products. The pro- 
portions of meat scrap generally used 
in poultry feeding are indicated by the 
example rations in Appendix Table VII. 

The quality of protein in meat scrap 
containing 55 per cent or more of pro- 
tein is apt to be better than in meat-and- 
bone scrap, which is lower in protein 
content. 41 Tankage can replace meat 
scrap in poultry rations, but most poul- 
trymen decidedly prefer meat scrap. 

906. Tankage or meat scrap for 
dairy cattle. — Although these animal by- 
products are not commonly used for 
dairy cows, they are satisfactory when 
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I they furnish protein at lower cost than 
Ido such feeds as soybean oil meal or cot- 
t&ffigd meal. 42 Dairy cows will usually 
eat concentrate mixtures containing 8 to 
17 per cent tankage satisfactorily. Occa- 
r ,sioi&§lly some cows do not like such a 
* * mi|j£tire at first, though later they will eat 


„ The milk production is not increased 
by substituting tankage or meat scrap for 
**the protein supplements ordinarily fed 
dairy cattle, and it may even be reduced 
a trifle. These animal by-products have 
not affected the flavor or odor of the 
milk, even when fed 1 to 2 hours before 
making. 

• ipF'' Meat scrap or tankage can be used 
as V protein supplement in “calf starters,” 
or calf meals, but had best replace only 
part of the dried skimmilk, other dairy 
' by-products, or soybean oil meal. 

907. Tankage or meat scrap for 
beef cattle. — Tankage or meat scrap is of 
much less value for beef cattle than for 
swine or poultry. In 10 experiments fat- 
tening cattle fed either tankage or meat 
scrap as the only protein supplement 
gained 0.1 lb. less per head daily than 
similar cattle fed linseed meal, cotton- 
seed meal, or soybean oil meal as the 
supplement. 43 Where the selling price of 
the cattle was reported in these trials, it 
was slightly less for the cattle fed tank- 
age or meat scrap. While the value of 
these animal by-products varied widely 
in these experiments, on the average 
they were worth less per ton than the 
plant-protein supplements. 

Tankage was also inferior to cotton- 
seed meal or corn gluten meal in Kansas 
tests in which 1 lb. per head daily of 
these various supplements was fed to 
calves and yearlings being wintered on 
Atlas sorghum silage. 44 

It is best to accustom cattle to tank- 
age or meat scrap gradually by mixing a 
small proportion at the start with better- 
liked feeds, such as linseed meal, cotton- 
seed meal, or ground grain. Tankage or 
meat scrap has given better results with 
beef cattle when used in mixed protein 
supplements, combined with such feeds 
as linseed meal, cottonseed meal, and 
sovbean oil meal. 


908. Tankage or meat scrap for 
sheep. — Tankage or meat scrap can be 
substituted for such protein supplements 
as soybean oil meal in feeding sheep. 
Sheep may not like these animal by-prod- 
ucts at first, but after a few days will usu- 
ally eat the small amount needed to bal- 
ance the ration, especially if mixed with 
well-liked feeds. Sometimes fattening 
lambs tire of meat scrap or tankage 
toward the end of the feeding pe- 
riod. 

The results of experiments in which 
either digester tankage or meat scrap 
has been used as the only protein sup- 
plement for fattening lambs have dif- 
fered somewhat. 45 In some of the trials 
the results have been fully as good or 
even slightly better than with cottonseed 
meal or linseed meal, but in other tests 
the gains have been more rapid on the 
latter supplements. 

909. Tankage or meat scrap for 
horses. — One to 2 lbs. a day of either of 
these feeds, or 1 lb. of blood meal, is 
sometimes useful for run-down, thin 
horses. As these feeds are not liked by 
horses, they must be mixed with palat- 
able feeds. 

910. Blood meal; blood flour. — 

Blood meal , or dried blood, is made from 
the blood collected at packing plants. It 
is first heated until it is thoroughly coag- 
ulated; the excess water is then drained 
off; more moisture is removed in a press; 
and finally, the solid residue is dried and 
ground. 

Blood meal is the highest in protein 
of all the packing-plant by-products, 
containing over 80 per cent. However, 
the protein is less digestible and of much 
poorer quality than that in high-grade 
tankage or meat scrap. Blood meal is low 
in calcium and phosphorus, thus differ- 
ing again from tankage or meat scrap. It 
is used chiefly in “calf starters,” or calf 
meals, for raising dairy calves on a mini- 
mum of milk. Blood meal is not usually 
liked by calves at first, and if it is used 
as the chief protein supplement in a calf 
meal, it may be difficult to get them 
started on it. 

Sometimes blood meal is used in 
poultry feeds, but it is unpalatable to 
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poultry and is inferior to meat scrap in 
value. 46 Tankage is usually better and 
cheaper for young pigs. 47 In a Massachu- 
setts test 10 per cent of blood meal was 
a fairly good substitute for other protein 
feeds in a concentrate mixture for dairy 
cows. 48 

Blood flour, or soluble blood meal, 
is produced by special processes, and is 
more soluble than ordinary blood meal. 
It is considered preferable in calf meals, 
but in an Ohio trial ordinary blood meal 
equaled soluble blood flour. 49 

911. Hoof and horn meal. — Experi- 
ments have shown that when animal hoofs 
and horns are ground to an extremely fine 
powder in a ball mill, the product can be 
digested by animals and can be used to 
replace part of the usual protein supple- 
ments for poultry. The product seems to be 
decidedly variable, however, and sometimes 
does not give satisfactory results. 50 

912. Feather meal. — Feather meal, or 
hydrolized feathers, is a new product made 
by treating under high steam pressure the 
feathers from slaughtered poultry. It has 
over 80 per cent protein, and according to 
the definition proposed by the Association of 
American Feed Control Officials, should have 
70 per cent digestible protein. 22 The results 
of the few trials reported with feather meal 
have differed, apparently due to variations 
in quality. 5 1 

Feather meal properly made can appar- 
ently replace part of the ordinary protein 
supplements in rations. Satisfactory results 
have been reported with 2 to 5 per cent in 
a broiler mash. Feather meal seems to supply 
vitamin B i2 and one of the unidentified fac- 
tors needed by chicks. (222) 

913. Liver meal. — Various types of liver 
meal, made chiefly from animal or fish livers, 
are used primarily as vitamin supplements, 
but also supply high-quality protein. Animal 
liver meal should be made entirely from 
liver. Animal liver and glandular meal is 
made from liver and other glandular tissue 
and at least 50 per cent of the dry matter 
should be from liver. 22 Similar products are 
made from fish by-products. 

Liver meals are used chiefly as vitamin 
supplements in poultry mashes or in special 
feeds for pet stock and fur animals, be- 
cause of the content of riboflavin and other 
B-complex vitamins. Adding 2 per cent of 
liver meal to a ration for very young pigs in 
dry lot may increase the thriftiness and gains, 
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but may be uneconomical, because of the f , fcj 
high price. 52 

914. Low-grade animal fat.— Due ^ ; 
in large part to the wide use of de- 
tergents in place of soaps in this coun- ^ 
try, there has recently been a surplus of **§ 
low-grade animal fats, produced in the ' 
meat and rendering industries. (134) 

As a result, the prices of these tallows 
and greases have declined to levels that / ' 
make their use in formula feeds, or mixed 
commercial feeds, practical. The use of 
these fats is discussed in Chapter V and 
in the chapters dealing with the different 
classes of stock. To prevent the develop- 
ment of rancidity in the fat and result- 
ing destruction of vitamins in the feed, 
an effective antioxidant should be added 
to the fat. 

915. Paunch fluid, dried. — In Wisconsin ^ 
tests a product rich in B-complex vitamins 
was prepared experimentally by pressing out 
and drying the fluid that could be pressed 
from the paunch contents of cattle or sheep 

at a slaughter house. 53 It was about as rich 
as dried skimmilk in riboflavin. 

916. Poultry by-product meal. — This 
by-product of poultry processing plants con- 
sists of the ground, dry-rendered, clean, 
wholesome parts of the carcasses of slaugh- 
tered poultry, such as head, feet, undevel- 
oped eggs, gizzard and intestines, exclusive 
of feathers and gizzard and intestinal con- 
tents, except in such trace amounts as might 
occur unavoidably in good factory practice. 22 
Limited data indicate that it may be a satis- 
factory substitute for meat scrap. 54 

917. Fish meal. — Years ago most of 
the fishery wastes were either used to 
make fish meal for fertilizer or were not 
utilized at all, but dumped in the sea. 

Because of the numerous experiments 
which proved the high value of fish meal 
for swine and poultry, the production of 
fish meal has increased until it has be- 
come an important protein supplement. 

Several types of fish meal are made, 
differing both in the raw material used 
and in the method of drying. Menhaden 
fish meal is the most common kind in 
the eastern states. This is made in proc- 
essing menhaden herring (a very fat fish 
not suited for food) for fish oil and fish 
meal. White fish meal is made chiefly 
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| from the cuttings or waste of the cod and 
if haddock industry, not inciuding the en- 
trails, which, except the livers, are 
dumped at sea. Other fish meals are 
made of waste from sardines, herring, 
salmon, tuna, etc. 

At first, fish meal was nearly all 
dried in so-called “flame driers,” in which 
the material was exposed to high tem- 
peratures. This method has been largely 
replaced by drying in steam-jacketed 
drums, often under partial vacuum, to 
lower the temperature. Vacuum-dried 
fish meal is superior to flame-dried fish 
meal made from the same material, as it 
has a higher content of vitamins and the 
protein is more digestible. 

'In the case of fish cuttings that are 
high in fat or oil, most of the oil is ex- 
pressed from the product. A high fat 
* content in fish meal is undesirable, as 
such fish meal may produce a fishy taste 
in eggs, meat, or milk. Also, fish meal 
high in fat is more apt to become rancid 
on storage. 

918. Nutritive value of fish meals. 
— Fish meals differ somewhat in nutritive 
value, depending on the type of raw ma- 
terial used, the method of drying, and 
the care taken in the process. But few 
direct comparisons have been made of 
the various kinds of fish meal, and there- 
fore only general statements can be given 
concerning their relative feeding value. 

Fish meal of good quality has an es- 
pecially high value for swine and poul- 
try, because of the excellent quality of 
protein it supplies. However, the protein 
quality in different samples of fish meal 
varies decidedly. In more than a hun- 
dred samples of various commercially 
produced fish meals recently tried in 
California experiments, only about half 
were rated as good in protein quality. 55 
In these tests sardine fish meals, which 
comprised the greatest number of sam- 
ples, were generally of high quality. 

Apparently, some fish meal pro- 
ducers should use much more care in 
making their product. If decomposition 
of the fish waste occurs before it is proc- 
essed, the fish meal may be injurious and 
entirely unsuitable for feeding. Obvi- 
ously, much more care must be taken to 


prevent decomposition in the production 
of fish meal for stock feeding than in 
making fish meal for fertilizer. Certain 
fish waste is too high in salt to be used 
to make fish meal for feeding, unless the 
salt is removed from the product. 

Fish meal is very rich in protein, 
containing 60.9 per cent, on the average. 
Also, the protein of good-quality fish 
meal is of high nutritive value, tending 
to be more efficient than the protein of 
tankage or meat scrap as a supplement 
to the grains. If fish meal contains too 
large a proportion of fish heads, the value 
of the protein is decreased, because 
much of the protein in the heads is less 
digestible and of lower nutritive value 
than the protein in the flesh. 

Herring fish meal is the highest in 
protein content, averaging 72.5 per cent. 
Sardine, menhaden, and white fish meal 
all average above 60 per cent in protein, 
while fish meal from redfish, salmon, and 
tuna usually has somewhat less protein. 

Fish meal usually has 6 to 10 per 
cent of fat, but some fish meal is now 
made which has only 3 to 4 per cent 
fat. 

Because of the bones it contains, 
fish meal is high in calcium and phos- 
phorus. It has an average of 5.36 per 
cent calcium and 3.42 per cent phos- 
phorus, with a total mineral-matter con- 
tent of 18.3 per cent. It should also be 
noted that fish meal usually contains an 
appreciable amount of iodine. However, 
in regions where there is an iodine de- 
ficiency for livestock, iodine can readily 
be supplied at less expense in the form of 
iodized salt. (170) 

Fish meal is one of the richest 
sources of vitamin B 12 among common 
feeds and also of one of the unidentified 
vitamins required by poultry. (222) It 
is also fair in riboflavin content and has 
considerable niacin. Fish meal processed 
under partial vacuum may contain con- 
siderable vitamin A and vitamin D, but 
other fish meals may have little of these 
vitamins. 

Some have hesitated to use fish meal 
for stock feeding, fearing that it might 
cause a fishy flavor in eggs, meat, or milk. 
In the numerous feeding experiments 
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with fish meal no injurious effect has 
been produced when good fish meal, not 
unduly high in fat, has been fed in such 
amounts as were needed to balance the 
ration. If a larger allowance of fish meal 
is fed there may be danger of producing 
a fishy flavor. 

919. Fish meal for swine. — Numer- 
ous experiments have shown that fish 
meal of good quality is even superior to 
tankage or meat scrap as a protein sup- 
plement for swine. Fish meal produces 
very satisfactory results when used as the 
only protein supplement to grain for pigs 
or brood sows on pasture. For swine not 
on pasture, field-cured legume hay of 
good quality should be included in the 
ration, if possible, to make sure that 
there is a plentiful supply of vitamin A, 
vitamin D, and the B-complex vitamins. 
It is shown in Chapter XXXIV that the 
results are especially good when fish 
meal is used in one of the efficient trio- 
type supplemental mixtures, which in- 
cludes alfalfa or other legume hay and 
also a protein supplement of plant ori- 
gin, such as linseed meal or soybean oil 
meal. 

When fish meal is used in place of 
tankage or meat scrap in a trio-type sup- 
plemental mixture, there is not much dif- 
ference in the value of these protein sup- 
plements. For example, in 11 New York 
and Ohio experiments pigs fed fish meal 
in trio-type supplemental mixtures 
gained an average of 1.51 lbs. a day and 
required 383 lbs. of feed per 100 lbs. 
gain. 56 Similar pigs fed tankage or meat 
scrap in the trio-type mixtures gained 
1.47 lbs. a day and required 385 lbs. of 
feed per 100 lbs. gain. Fed in this man- 
ner, the fish meal was worth only about 
5 per cent more per ton than tankage or 
meat scrap. 

When fed as the only protein sup- 
plement to grain for pigs not on pasture, 
fish meal is decidedly superior to tank- 
age or meat scrap. In 18 trials pigs fed 
fish meal as the only protein supplement 
to corn in dry lot gained 1.68 lbs. daily, 
on the average, and required 349 lbs. 
corn and 35 lbs. fish meal per 100 lbs. 
gain. 57 Others fed digester tankage 
gained 1.46 lbs. a day and required 381 


lbs. corn and 37 lbs. tankage per 100 
lbs. gain. In these trials each 100 lbs. ofi^ 
fish meal was equal in value to 106 lbs. 
digester tankage plus 91 lbs. com, with- 
out considering the advantage of the 
more rapid gains. 

Fish meal has also been superior to 
tankage when fed as the only supplement 
to corn for pigs on pasture, but the dif- 
ference in value of the two supplements 
has not been so great as for pigs in dry 
lot. In 11 experiments with pigs on pas- 
ture, the average daily gain has been 
1.59 lbs. on fish meal and com, in com- 
parison with 1.49 lbs. on tankage and 
corn. 58 In these trials each 100 lbs. ,nf 
fish meal has been equal in value to 113 ' 
lbs. tankage plus 19 lbs. corn. 

Especially good results are secured 
with certain complex protein supple- 
ments that include both fish meal and ** 
also meat scrap or meat-and-bone 
scrap. 

Only a few comparisons have^been 
made of the relative values of the dif- 
ferent kinds of fish meal, but they are 
all apparently very satisfactory when 
made from raw material of suitable qual- 
ity for feeding and when not unduly high 
in fat. 59 

If pigs are fed considerably more 
fish meal than is needed to balance the 
ration, or if the fish meal is unduly high 
in fat, a fishy flavor may be produced in 
the pork. 60 

920. Fish meal for poultry, — Good 
fish meal is an excellent protein supple- 
ment for poultry, the quality of the pro- 
tein being somewhat superior to that in 
meat scrap. 61 Also, the B-complex vita- 
min content is important. However, most 
fish meals are not so palatable to poultry 
as meat scrap, and therefore not more 
than 5 to 10 per cent should be included 
in the ration. 

Fish meal does not give a fishy 
flavor to the flesh of chickens or to eggs 
when the fish meal is of good quality and 
when the ration contains no more than 5 
to 10 per cent. Fish meal may affect the 
flavor of turkeys if it is fed during the 
fattening period. It is therefore best to 
feed no fish meal for at least 8 weeks be- 
fore marketing them. 62 
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921. Fish meal for cattle, sheep, 
J^and horses^ — If fish meal is a cheaper 
r source of protein than protein supple- 
ments of plant origin, it can be used eco- 
nomically for cattle or sheep. However, 
for these classes of stock a pound of pro- 
tein in fish meal usually has no higher 

, value than in such supplements as lin- 
seed meal, soybean oil meal, or cotton- 
seed Tneal. Also, fish meal is often not 
palatable to cattle or sheep. They will 
usually become accustomed to a concen- 
trate mixture containing 10 to 15 per 
cent of fish meal, but occasionally ani- 
mals will refuse to eat such a combina- 
tion. 

• & ~ In most of the experiments in which 
fish -^pieal has been fed to dairy cows, the 
yields of milk and fat have been satis- 
factory, but in some instances the fish 
, meal has slightly decreased the percent- 
age of fat in the milk. 63 The same effect 
is produced by cod-liver oil and certain 
other fish oils. Often the mixture contain- 
ing fish, meal has been less palatable to 
cows than the usual type of dairy concen- 
trate mixture. Fish meal is sometimes 
used to furnish part of the protein in calf 
meals, or "calf starters,” for dairy calves 
being raised on a minimum amount of 
milk. 

Fish meal of good quality has pro- 
duced satisfactory results when used as 
a protein supplement for fattening lambs 
or fattening cattle. 64 It is occasionally fed 
to horses. 

922. Condensed fish solubles; ho- 
mogenized condensed fish . — Condensed 
fish solubles are made by evaporating to 
a semi-solid condition the watery solu- 
tion which is expressed, along with the 
oil, when fish or fish wastes are proc- 
essed. They have about 50 per cent dry 
matter and SO per cent protein. The chief 
value of condensed fish solubles is due 
to the high content of certain B-complex 
vitamins. They may contain about as 
much riboflavin as dried skimmilk; they 
are rich in pantothenic acid, especially 
high in niacin, and even higher than fish 
meal in vitamin B 12 . They also provide 
one of the unidentified vitamins impor- 
tant in poultry feeding. A small amount 
of dried fish solubles is also made. 


Experiments have shown that for 
swine 65 or poultry 66 kept continuously 
in confinement, with no access to green 
feed, adding 2 to 3 per cent or more of 
condensed fish solubles decidedly im- 
proves rations that have little or no pro- 
tein supplement of animal origin. 

Homogenized condensed fish , or 
liquid fish, is a partially dehydrated 
product made from fish and/or fish cut- 
tings from which part of the oil has been 
removed. It should contain not less than 
50 per cent of dry matter, exclusive of 
any added salt. It is used in the same 
way as condensed fish solubles. 

923. Crab meal. — Crab meal is made 
from the waste of the crab industry and 
contains the shell, viscera, and parts of the 
flesh. It is much lower in protein and higher 
in mineral matter (chiefly calcium carbo- 
nate ) than is fish meal, for it has an average 
of 40.9 per cent mineral matter and only 
31.6 per cent protein. For poultry it is a 
satisfactory substitute for fish meal, when it 
is used in combination with other protein 
supplements and if the calcium content of 
the ration is adjusted properly. 67 It requires 
about 4.0 lbs. of crab meal to replace 2.5 
lbs. of fish meal. 

In a Pennsylvania trial crab meal was 
a satisfactory protein supplement for pigs, 
but in a South Carolina test pigs would not 
eat enough of a mixture of crab meal and 
cottonseed meal to balance their ration 
properly. 68 

924. Gelatin. — The protein in gelatin 
has a low nutritive value, and therefore 
gelatin is not satisfactory as a substitute for 
tankage in stock feeding. 69 A by-product 
composed chiefly of gelatin, called "alba 
blood,” made from discarded printers" rolls, 
has been sometimes used as an adulterant 
in tankage. 

925. Shrimp meal. — Shrimp meal is the 
dried waste of the shrimp industry, consist- 
ing of the heads and hulls (or shells), and 
perhaps some whole shrimp. It is steam-dried 
or dried in the sun, in which case salt is 
commonly added to prevent spoilage. Ac- 
cording to the regulations of the Association 
of American Feed Control Officials, it must 
not contain more than 7 per cent of salt, and 
if it has more than 3 per cent, the amount 
must be stated. 22 

Shrimp meal has an average of 46.7 
per cent protein and 27.8 per cent mineral 
matter. Though the protein content is lower 
than in fish meal, the protein is apparently 
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of good quality. Because of the very high 
percentage of mineral matter, it is best to 
use shrimp meal in combination with other 
protein supplements. 

Shrimp meal is a satisfactory protein 
supplement for swine, and especially good 
results were secured in Louisiana and Missis- 
sippi experiments with combinations of half 
shrimp meal and half soybean oil meal or 
cottonseed meal. 70 Shrimp meal is also a 
good protein supplement for poultry rations, 
particularly when used in combination with 
other protein supplements. 71 

For dairy cows shrimp meal was a 
satisfactory substitute for cottonseed meal 
in Louisiana tests. 72 When the shrimp meal 
was gradually introduced into the ration, 
mixtures containing 10 to 19 per cent shrimp 
meal were readily eaten. 

926. Shark meal. — Shark meal ap-^ 
parently differs widely in value, depending 
on the quality of the raw material and the 
method used in manufacture. In Florida trials 
shark meal, having an average of 78 per 
cent protein, was a satisfactory protein 
supplement for pigs and for dairy calves, 
but in tests with chicks the results differed 
widely. 73 

In Washington experiments dry-ren- 
dered meals made from dogfish (a small 
kind of shark ) were of low value for poultry, 
while wet-rendered dogfish meal gave better 
results. 74 In shark meal an appreciable part 
of the nitrogen is in the form of urea, which 
is valueless for swine and poultry. (129) 

927. Starfish meal. — Starfish meal, 
having about the same content of protein 
and mineral matter as crab meal, can be 
made from the entire starfish. 75 This may 
be used for poultry in the same manner as 
crab meal. Starfish are a serious problem 
in the oyster industry, as they eat the young 
oysters. 

928. Whale meal; whale solubles. — 
Whale meal , similar in composition and value 
to tankage or meat scrap, is made from the 
clean, undecomposed flesh of whales, most 
of the fat being expressed. 76 The protein 
and mineral matter content will vary con- 
siderably, depending on the proportion of 
bone present. Some whale meal has not 
been of satisfactory quality for feeding, be- 
cause of decomposition before the material 
was processed or the use of unsatisfactory 
methods of preparation. 

Whale solubles , somewhat similar to 
condensed fish solubles or homogenized con- 
densed fish in composition, were satisfactory 
in Australian tests when supplying most of 
the animal protein in a poultry ration. 77 


Ill, Sugar-Factory By-products 


929. Cane molasses. — Cane mo- 
lasses for feeding, also called “black- 
strap” or “feeding cane molasses,” is a by- 
product in the manufacture of sugar from 
sugar cane. It is the residual molasses re- 
maining after as much sugar as possible 
has been crystallized from the, juice 
which has been purified and then con- 
densed by evaporation. The other by- 
products from sugar cane are the sugar 
cane tops and the bagasse. These are 
sometimes used for stock feeding, as has 
been pointed out in Chapter XVIII. 

In addition to the quantity of cane 
molasses produced in our southern states, • 
a large amount is brought into this coun- 
try from other regions making sugar 
from cane. Only about 10 per cent of the 
cane molasses that is used for feeding is m 
purchased as molasses by stockmen. The 
rest is used in the manufacture of for- 
mula feeds (commercial mixed feeds). 

A greater amount of cane molasses is 
utilized for the production of alcohol, 
yeast, and other fermentation products 
than is used for feeding. 

Cane molasses is much relished by 
stock, and it also has a mild laxative ef- 
fect that is beneficial when the other 
feeds are constipating. Cane molasses 
usually has about 55 per cent of sugars, 
which furnish most of the feeding value. 

The usual kind of cane molasses has 
only 3.0 per cent protein, and this con- 
sists largely of compounds having low 
nutritive value. Also, when any consider- 
able amount of molasses or sugar in other 
forms is added to a ration for cattle or 
sheep, the digestibility of the protein and 
other nutrients of the ration is apt to be 
decreased. (103) As a result, cane mo- 
lasses has, on the average, a negative 
value for digestibility of protein, and in 
Appendix Table I is rated as supplying 
no digestible protein. Because of these 
conditions, it is important that ample pro- 
tein be furnished by the rest of the ra- 
tion when large amounts of molasses are 
fed. 

Molasses made from sugar cane 
grown on muck soil high in nitrogen, as 
in drained areas of the Florida Ever- 
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wMades, may have 9 per cent of crude 
Pprotein . 78 

The digestibility of the protein or 
other nutrients in a ration is usually not 
decreased when only a small amount of 
molasses is added to a well-balanced ra- 
tion. Thus, in Missouri trials the digesti- 
bility was increased, rather than de- 
creased*, when not more than 2 lbs. of 
molasses per head daily was added to a 
dairy ration. 79 In a New York trial there 
was no decrease in digestibility of pro- 
tein when one-fourth of the corn in a 
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pound when a small amount is used to 
induce stock to eat roughage of rather 
poor quality with less waste of the stems 
and coarser parts than there would be 
otherwise. For this purpose it is often 
diluted with 1 to 2 parts of water and 
sprinkled over the roughage. When thus 
fed, molasses may be worth fully as much 
or even more than corn or other grain. 
When molasses is added to a ration 
made up of feeds that are all palatable, 
it is generally worth considerably less 
per 100 lbs. than corn or other grain. 


Molasses Is a Popular Ingredient of Mixed Feeds 

About 90 per cent of the cane molasses diat is fed to livestock in this country is used 
in the manufacture of formula feeds, or commercial mixed feeds. These fattening cattle are 
eating a formula feed containing molasses. 


ration for dairy heifers was replaced by 
molasses, but a larger proportion of mo- 
lasses caused a decrease. 80 

Chiefly because cane molasses has 
an average of 26.6 per cent water, it 
supplies but 53.6 lbs. total digestible 
nutrients per 100 lbs., which is only two- 
tihirds as much as in corn grain. Cane mo- 
lasses weighs about 11.7 lbs. per gallon, 
and therefore approximately 171 gallons 
make a ton. 

Cane molasses is rich in niacin and 
pantothenic acid, but is low in thiamine 
and riboflavin. It has little or no vitamin 
A or vitamin D. 

Molasses has the highest value per 


This is because it supplies only about 
two-thirds as much total digestible nu- 
trients per pound as does grain. 

Cane molasses is fed most com- 
monly to dairy cows, beef cattle, sheep, 
and horses, but may be also fed in 
limited amounts to swine and poultry. 81 
When molasses is very cheap, it is some- 
times self -fed, especially to fattening cat- 
tle. 

Cane molasses is used in many for- 
mula feeds, or commercial mixed reeds, 
especially those for cattle and horses. It 
not only adds to the palatability of the 
feeds, but it is also often one of the 
cheapest sources of carbohydrates for the 
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feed manufacturer, who can use it in 
tank-car lots. Molasses is a good dust in- 
hibitor in ground mixtures, and it is a 
good binder in making pelleted feeds. 

When molasses must be shipped in 
barrels, the cost is much greater than in 
tank cars. It is therefore frequently ex- 
pensive for the individual farmer, though 
it may be cheap at a central feed-mixing 
plant. Farmers who desire to secure mo- 
lasses as cheaply as possible should co- 
operate in arranging with their local 
feed dealer to order a tank car of mo- 
lasses. It can readily be hauled direct 
from the car to the farms in whatever 
containers may be available, such as 
well-cleaned, second-hand oil drums. In 
cold weather it may be necessary to 
warm the molasses by passing steam 
through the coils in the tank car, so the 
molasses will flow satisfactorily. 

930. Beet molasses. — In making 
sugar from sugar beets, the beets are 
washed and cut into thin strips. Next 
the juice is thoroughly extracted by 
means of warm water, leaving the by- 
product known as wet beet pulp, which 
is discussed later. After the juice is puri- 
fied it is evaporated until the sugar crys- 
tallizes, and the sugar is separated from 
the residual molasses by centrifuges. This 
beet molasses still contains a large 
amount of sugar, along with mineral salts 
and other constituents. 

Most of the beet molasses is treated 
further in the Steffen's process to recover 
more sugar. Some is treated in both the 
Steffen's process and also in the barium, 
or Johnstown, process to secure still more 
sugar. The residual molasses remaining 
from these processes contains about as 
much nutrients as untreated beet mo- 
lasses and has a similar feeding value. 

In the barium process, molasses is 
produced at two stages in the process. 
These, called A and B molasses, are com- 
bined for livestock feeding as C mo- 
lasses. 82 Some of the A molasses or other 
beet molasses is processed to separate 
glutamic acid or sodium glutamate, used 
for human food flavor enhancement. A 
by-product from this process, called con- 
densed beet solubles product, or MC 47, 
is used for feeding. (940) 


Beet molasses has as much sugar af J 
cane molasses and is considerably highefijJ#l 
in crude protein, but much of this con- 
sists of simpler compounds thaftf* protein, j-* 
Beet molasses and beet pulp ^rei very g 
low in phosphorus. When these, tfeet. by- jj 
products form any large part of the ra- % t 
tion, it is therefore necessary tqn feed a 
phosphorus supplement, 83 * 

When properly used, beet molasses 
has fully as high a feeding value as can’ll 
molasses. However, it is much more laxa- 
tive than cane molasses, on account of 
the high content of certain alkaline salts 
and other laxative substances. Stock *. 
should therefore be accustomed to beet 
molasses gradually, and the amounts fed 
should be strictly limited. ^ 

The maximum amounts of beet jfao- 
lasses advised by various authorities for 
animals accustomed to the feed are <, 
follows, daily per 1,000 lbs. live weight: 
Dairy cows, 2.5 to 3 lbs.; fattening cattle, 

4 to 5 lbs.; fattening sheep, 3 to 5 lbs.; 
driving horses, 2.5 lbs.; draft horses, up 
to 4 lbs. or even more; and fattening 
swine, 5 to 10 lbs. Breeding animals 
should be given smaller allowances than 
those being fattened, and the amount 
should be materially reduced 6 weeks 
before the young are bora. As in the case 
of cane molasses, beet molasses is used 
in various mixed feeds, especially in 
alfalfa-molasses feeds. Much of the beet 
molasses is used in producing dried 
molasses-beet pulp. ( 938 ) 

931. Cane molasses; beet molasses 
for dairy cattle. — When molasses is 
added to a good dairy ration made up of 
palatable feeds, it is usually worth some- 
what less than com, pound for pound, 
but under special conditions the value 
may be higher. In two Wisconsin trials 
when 10 per cent of cane molasses was 
added to a mixture of palatable concen- 
trates, the milk production was prac- 
tically the same as on the mixture with- 
out molasses. In these trials the molasses 
was worth 89 per cent as much per 
pound as ground com. 84 

When a larger proportion of mo- 
lasses is fed dairy cows, the value of the 
molasses is apparently much lower. In a 
New Jersey experiment the milk and fat 
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fields of cows were markedly reduced 
when molasses replaced one-half the total 
^digestible nutrients in the grain in the 
check m£?d:ure. 85 

In ,j| New York trial with growing 
dairy Infers fed good hay or such hay 
and corn silage, up to 6 lbs. of molasses 
^er.,, hea# daily produced satisfactory 
gains, .^phen the amount of protein sup- 
plement was increased to make good the 
kck of protein in cane molasses. 86 The 
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siderable proportion of the formula, or 
mixed, dairy feeds contain 5 to 10 per 
cent of molasses or more. Feeding much 
molasses to young calves is apt to cause 
scours. 

To induce cows on official test to 
consume more feed, molasses is fre- 
quently added to their rations, often 
being added to the water in which dried 
beet pulp is soaked. In trials by the 
United States Department of Agricul- 


molasses replaced two-thirds the weight 
of corn, corresponding to the difference 
in total digestible nutrients. 

In the New York trials the gains 
were much poorer on a ration of low- 
quality, late-cut hay, molasses, and soy- 
bean oil meal, than when corn replaced 
the molasses on an equal total digestible 
nutrient basis. Very unsatisfactory re- 
sults were secured on a ration of the poor 
hay, molasses, and urea, but they were 
somewhat better when corn replaced part 
of the molasses. (129) 

Chiefly because of the palatability 
and appetizing effect of molasses, a con- 


ture with cows heavily fed on official 
test, molasses thus added to a good ra- 
tion containing corn silage and legume 
hay slightly increased the consumption 
of feed and the production of milk. 87 
Except from the standpoint of the value 
of the increased records, the feeding of 
molasses was not economical. 

In sugar-cane growing regions, cane 
molasses is often so cheap that it is an 
economical substitute for part of the 
grain for dairy cows or heifers. In Ha- 
waiian experiments during 7 years it 
satisfactorily replaced one-quarter of the 
concentrates usually fed dairy cows. 88 


Dairy Heifer Barn at Cornell University 


Experiments to determine the value of cane molasses for dairy heifers were conducted 
with these heifers. (From New York State College of Agriculture, Cornell University.) 
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Though some Hawaiian dairymen be- 
lieved that the continued feeding of con- 
siderable amounts of molasses would in- 
jure the breeding efficiency of the cows, 
there was no such effect. 

Beet molasses is equal to cane mo- 
lasses in value for dairy cows, except 
that too much must not be fed, because 
of its laxative effect. 

932. Cane molasses; beet molasses 
for beef cattle. — In sugar-cane growing 
districts cane molasses is widely used for 
beef cattle, as it is often decidedly lower 
in price per ton than grain. Also, in other 
parts of the United States cane molasses 
shipped in tank cars has often been 
much cheaper than grain during recent 
years. 

Under such conditions cane mo- 
lasses is an economical substitute for 
part of the grain in rations for beef cat- 
tle. In the sugar-beet districts of the 
western states beet molasses is a popu- 
lar feed for fattening cattle. When not 
fed in excessive amounts, beet molasses 
is worth about as much per ton as cane 
molasses for beef cattle. 89 

Molasses is included in a large pro- 
portion of the formula feeds, or commer- 
cial mixed feeds for beef cattle, because 
of its palatability and the prevention of 
dustiness. 

The best results are generally se- 
cured when molasses replaces not more 
than about one-half of the concentrates 
usually fed, and one should be sure that 
the ration provides plenty of protein. 

If the roughage is of poor quality, 
sprinkling diluted molasses over it will 
frequently induce cattle to eat more of it 
than otherwise. Adding a small amount 
of molasses to a ration with poor rough- 
age for fattening cattle may be beneficial, 
even if the molasses is not fed on the 
roughage. For example, in 3 Ohio ex- 
periments the gain of fattening steers 
was increased an average of 0.29 lb. 
by the addition of 1 lb. cane molasses 
to a full feed of corn-and-cob meal, fed 
with 1.5 lbs. soybean oil meal and with 
late-cut, weathered timothy hay for 
roughage. 90 Thus fed, the molasses was 
worth more than corn-and-cob meal per 
pound. Differing from these results, in 


a Texas trial the gain of fattening cattlC 1 
was slightly reduced by feeding 2 lbs. o| 
cane molasses in place of 1.5 lbs. milo 
grain in a ration of ground milo, cotton- 
seed meal, and only cottonseed hulls 
or ground cotton gin trash for rough- 
age. 91 In this trial the molasses had a 
very low value. / 

In southern experiments cane mo- 
lasses has had a somewhat higher yalue 
for fattening cattle than indicated by its 
total digestible nutrient content when 
added to such a ration as cottonseed 
meal with hay, silage, or silage and hay “ 
for roughage. In 12 such experiments the *. 
addition of 3.5 lbs. of molasses per head 
daily increased the average daily gains 
0.18 lb., and 100 lbs. of molasses re- 
placed an average of 20 lbs. cottotjfeed 
meal, plus 88 lbs. hay and 79 lbs. si- 
lage. 02 . . < 

When cane molasses is cheap, some- 
times it is self-fed to fattening cattle on 
pasture. Better gains are produced and 
the molasses has a higher value, when 
it is fed along with some grain than 
when molasses alone is fed. For example, 
in 3 New York trials yearling steers 
self -fed cane molasses alone on good 
pasture ate an average of 11.2 lbs. mo- 
lasses a day and gained 1.6 lbs., in com- 
parison with 2.4 lbs. for others full-fed 
ground corn, and eating 12.9 lbs. corn 
a day. 93 Other steers fed 6.3 lbs. of corn 
a day and self-fed molasses in addition 
gained 2.1 lbs. a day. 

When fed in combination with corn, 
molasses was worth 72 per cent as much 
as com per pound, but when it was the 
only concentrate its value was only 50 
per cent of that of corn. 

In Florida trials cane molasses has 
been compared to ground snapped corn, 
including the husks, for fattening steers 
on excellent pasture on drained land in 
the Everglades. 94 Fair gains were made 
by cattle self-fed molasses on such pas- 
ture and the molasses was worth about 
80 per cent as much as ground snapped 
corn. 

In 7 Nebraska experiments with 
beef calves wintered on corn silage, pro- 
tein supplement, and a small amount of 
com grain, the rate of gain was the same 
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2fyhen 1 lb. of cane molasses was substi- 
tuted for 0.7 lb. of the corn grain. 95 
r When beet molasses is substituted 
for part of the grain in rations for fat- 
tening cattle, it is usually worth some- 
what less per ton than grain. In such ex- 
periments the value of beet molasses has 
Ranged from 75 to about 100 per cent 
of that of grain. 96 

933, Adding molasses to an excel- 
lent ration. — Cattle feeders have been 
much interested in knowing definitely 
!j$hether or not it would pay to add a 
small amount of molasses to an already 
, excellent ration for fattening cattle, such 
as grain, legume hay, corn silage, and 
protein supplement. The statement is 
sometimes made that the addition of mo- 
lassSs will appreciably increase the gains 
and the selling price of the cattle, and 
That molasses, thus fed, will be worth 
more per ton than corn. 

Many experiments have been con- 
ducted to determine the effect of adding 
cane molasses to well-balanced rations 
made up of palatable feeds. In 29 trials 
the addition of an average of 2.2 lbs. 
cane molasses per head daily to an ex- 
cellent ration has made only a trifling 
increase in the rate of gain (an increase 
of only 0.04 lb. per head daily.) 97 The 
molasses-fed cattle sold for a slightly 
lower average price than the others, and 
they required more concentrates for 100 
lbs. gain. Considering all factors, cane 
molasses was actually worth only 54 per 
cent as much per ton as grain in these 
many experiments. 

The results have been similar when 
larger amounts of molasses have been 
added to rations made up of palatable 
feeds, or when molasses has been thor- 
oughly mixed with chopped hay or other 
feeds. Even when molasses has been 
added to a palatable ration during only 
the latter part of the fattening period, 
there has been no advantage from such 
use. 

These numerous experiments show 
definitely that there is no advantage in 
adding cane molasses to a palatable ra- 
tion for fattening cattle, unless the cost 
of molasses is much less per ton than 
that of grain. It must be borne in mind 


that the no-molasses rations in these trials 
were generally made up of feeds of high 
quality and that the feeding was done by 
experienced stockmen. Under less favor- 
able conditions it seems probable that 
the value of cane molasses in comparison 
with grain would at least be proportional 
to the amount of digestible nutrients sup- 
plied. This is 67 per cent of the amount 
furnished by No. 2 grade dent corn. 

Molasses seems to have the highest 
value per ton when added to such a ra- 
tion as cottonseed meal and cottonseed 
hulls or other rather low-grade roughage, 
and less value when added to a ration 
containing a large amount of silage. 

934. Cane molasses; beet molasses 
for sheep, — Cane molasses or beet mo- 
lasses is sometimes added to the rations 
of sheep, especially fattening lambs. Mo- 
lasses has the highest value in a fattening 
ration if not more than one-third to one- 
half pound is fed per head daily. This 
serves as an appetizer and usually in- 
creases the gains slightly. Molasses does 
not produce satisfactory gains if used as 
the entire substitute for grain. 

When replacing part of the grain for 
fattening lambs in a ration made up of 
palatable feeds, molasses is usually worth 
somewhat less than corn or other grain, 
because of the lower content of digestible 
nutrients. If a small amount of molasses 
is fed as an appetizer or to get lambs to 
clean up rather inferior hay or other dry 
roughage, it may be worth fully as much 
as grain per pound. 98 Cane molasses and 
beet molasses probably have about the 
same value for sheep, when containing 
equal percentages of sugar. 99 

In feeding molasses to sheep, it is 
usually poured in the grain troughs as a 
broad “ribbon” or is mixed thoroughly 
with chopped hay or other roughage. 
Care must be taken that the wool does 
not become smeared with molasses. 

In Wisconsin experiments lambs fed 
a concentrate mixture containing 10 per 
cent cane molasses gained a trifle more 
than others fed a similar mixture having 
no molasses. 100 However, in producing 
gain in weight the value of the molasses 
was much lower than that of corn. Simi- 
larly, in North Dakota trials cane mo- 
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lasses had a much lower value per pound 
than com when 10.5 per cent of mo- 
lasses was added to rations for fattening 
Iambs. 101 

The value of beet molasses for fat- 
tening Iambs is shown by the results of 
20 trials in each of which one lot of 
lambs was full fed a good ration with- 
out molasses and another lot received 
molasses in addition. 102 The addition of 
0.32 lb. molasses per head daily in- 
creased the gain a trifle on the average, 
and each 100 lbs. of molasses saved 63 
lbs. grain or other concentrates and 30 
lbs. of hay or hay equivalent in other 
roughage. With feeds at representative 
prices, 100 lbs. of molasses were equal 
to about 78 lbs. of grain, not consider- 
ing the slight advantage in rate of gain. 

935. Molasses for horses and mules. 
— Molasses is well liked by horses and 
mules, and they are sometimes fed a 
quart or so a day as an appetizer or con- 
ditioner, even when molasses is higher 
in price than grain. Diluted molasses may 
be sprinkled over rather coarse or un- 
palatable hay so that it will be cleaned 
up better. 

In sugar-cane regions cane molasses 
is often the most economical source of 
carbohydrates for work animals. The mo- 
lasses is usually mixed with other feeds, 
but is sometimes fed in troughs. As 
much as 9 lbs. per head daily of cane 
molasses were fed to mules in Louisiana 
tests to replace much of the grain. 103 
However, such a heavy allowance tended 
to increase sweating and “winding” in 
hot weather. When fed as a partial sub- 
stitute for grain, molasses was about 
equal to corn in value per pound. Mules 
fed only molasses and chopped hay, 
without grain, were not able to do heavy 
work in hot weather. 

Beet molasses can likewise be used 
for horses and mules, but it should not 
be fed in excess because of its very 
laxative nature. In trials with 130 hard- 
worked horses of a Budapest transporta- 
tion company, good results were obtained 
with a ration, per 1,000 lbs. live weight, 
of 4.1 lbs. beet molasses mixed with 5.6 
lbs. wheat bran and fed with 5.7 lbs. 
corn and an unlimited allowance of 


hay. 104 One pound of molasses replaced 
0.78 lb. of corn. | 

936. Molasses for swine. — Molasses, 
either cane or beet, is used much less 
commonly for swine than for cattle, 
sheep, or horses. However, when consid- 
erably cheaper than com or other grain, 
it can be substituted for a part of th*/ 
grain. A small percentage of molasses is 
often included in formula, or mixed, 
commercial supplements and other for- 
mula swine feeds as a binder, to prevent 
waste in feeding. Vj 

Too much molasses causes scours in 
young pigs. However, in Hawaiian tests " 
as much as 20 per cent of cane molasses 
was satisfactory for pigs from weaning 
up to 70 lbs. in weight, if it was 
duced gradually into the feed mixti3%' 105 
Thus fed, the value of the molasses per 
pound was about two-thirds that of grain^ 
and molasses was economical in Ha- 
waii, where it is very cheap. 

For older pigs molasses can form a 
larger proportion of the ration. However, 
the rate of gain is usually less on rations 
containing 10 per cent or more of mo- 
lasses than on rations without molasses. 
In several experiments in which 10 to 
20 per cent or more of molasses has been 
added to good rations for well-grown 
pigs, the results have varied widely. 106 
In some tests molasses has been worth 
from 70 to 84 per cent as much as grain, 
but in more of the experiments it has 
had an exceedingly low value. It is not 
therefore wise to include any appreciable 
amount of cane molasses in swine rations 
unless its cost is far below that of grain. 

Beet molasses is apt to cause scours 
in pigs unless they are started on it very 
gradually and only limited amounts are 
fed. In Utah experiments adding as little 
as 15 per cent of beet molasses to the 
ration of young pigs produced a serious 
nutritional disease. 107 The pigs not only 
failed to grow but had a staggering gait 
and often died. Supplementing such a 
ration with green alfalfa or with 5 per 
cent of brewers' dried yeast prevented 
the trouble. Hogs weighing 100 lbs. or 
more at the start were fed as much as 
40 per cent of beet molasses without in- 
jury, even without these supplements. 
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|V 937. Molasses for poultry.— Molas- 
||es is not commonly used for poultry, but 
jra to 5 per cent of cane molasses is often 
included in formula, or mixed, poultry 
mashes. Too much molasses in a poultry 
ration makes it too laxative. The best 
results are usually secured with not over 
^2.5 per cent of molasses, though 5 or 6 
per cent is sometimes used in an all-mash 
ration, or 10 per cent in a mash fed with 
scratch grain. 108 

In trials in Hawaii, where cane mo- 
lasses is very cheap, as much as 33 per 
•«*Meent of molasses was economical in ra- 
tions for chicks, 18 per cent for cockerels, 

' and 35 per cent of a mixture of 5 parts 
rrfolasses and 1 part sugar cane bagasse 
pgh *for layers, although the feed effi- 
was lowered considerably with so 
mu(| molasses. 100 

Ty * 938. Molasses feeds; alfalfa-molas- 

# ses feeds. — Cane molasses or beet mo- 
lasses is used as an ingredient in many of 
the formula feeds, or commercial mixed 
feeds, on the market, especially those for 
dairy cattle, beef cattle, and horses. Mo- 
lasses is added to high-grade mixed feeds 
on account of its palatability, because it 
prevents dustiness, and also because it is 
often one of the cheapest sources of read- 
ily digested carbohydrates. Many experi- 
enced dairymen prefer a high-grade mix- 
ture containing molasses to one made of 
the same ingredients, except without mo- 
lasses. 

In lower-grade mixed feeds, molas- 
ses has a special value, as it aids in 
making a mixture palatable that might 
otherwise not be liked by stock. Unfor- 
tunately, molasses also tends to mask 
the presence of low-grade ingredients, 
and therefore may make a trashy feed 
appear much more valuable than it really 
is. From the list of guaranteed ingredi- 
ents and the guarantees for protein, fat, 
and fiber, one can usually determine ap- 
proximately the relative value of any 
particular mixed feed. 

In several experiments at corn-belt 
stations with fattening cattle, rations in- 
cluding various brands of commercial 
molasses feeds have been compared with 
such standard rations as corn grain, corn 
silage, legume hay, and a small amount 


of linseed meal or cottonseed meal. 110 
In nearly all of these tests the gain was 
lower instead of higher on the molasses 
feed, and the profit was less than on the 
standard rations. These trials show that 
in the commercial fattening of cattle in 
the corn belt, corn grain must commonly 
be used as largely as possible, in order 
to secure the greatest net returns. 

In a Michigan test with fattening 
cattle, two brands of commercial molas- 
ses feeds consisting chiefly of cane 
molasses, crushed oats, cracked corn, and 
alfalfa meal, had no appreciable advan- 
tage over a mixture of crushed oats 
and cracked corn, and the latter was 
cheaper. 111 The molasses feeds some- 
times became sour or caked in the 
sacks. 

In the western alfalfa districts a con- 
siderable amount of alfalfa-molasses feeds 
is manufactured. These consist of combi- 
nations of alfalfa meal with various per- 
centages of beet or cane molasses. Usu- 
ally such feeds contain 20 to 40 per cent 
of molasses. 

Alfalfa-molasses feeds are palatable 
to stock and can be used to replace a 
limited amount of the grain in the ra- 
tion of dairy cows, beef cattle, and sheep. 
It must be borne in mind, however, that 
such feeds are more like a roughage 
than like a concentrate. Therefore, when 
any considerable amount is fed to fat- 
tening cattle or sheep, the value of the 
alfalfa-molasses feed is much below that 
of grain, and not greatly different from 
that of alfalfa hay. 112 Sometimes alfalfa- 
molasses feeds are unwisely used as a 
substitute for such protein supplements 
as linseed meal or cottonseed meal. They 
are not high in protein, and therefore 
should be used as a substitute for part 
of the grain, and not as a protein sup- 
plement. 

Molassine meal, sometimes made in 
Europe by mixing molasses with peat or 
sphagnum moss, has occasionally been 
imported into the United States. Peat has 
no nutritive value and the moss is also 
of very low worth, though arctic ani- 
mals live on it to some extent. Practically 
the only nutrients in molassine meal are 
in the molasses, and at the prices usually 
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asked it has been a very uneconomical 
purchase. 113 
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939. Dried molasses mixtures. — Molas- 
ses can be dried to form a dry meal, but 
such a product absorbs so much moisture 
on exposure to the air that it soon becomes 
sticky. It must therefore be shipped in 
moisture-proof bags, and speedily mixed 
with other ingredients. 

Various dry mixtures of molasses and 
absorbent feeds, such as ground light-weight 
grain screenings, brewers' dried grains, or 
com oil meal, are marketed, which are free- 
flowing and do not cake. Some such products 
apparently have a much lower percentage 
of molasses equivalent than is indicated by 
the claims made for them, judging by the 
fiber content. Others may have the equiva- 
lent of 45 per cent or more of molasses. 

The actual economy of such products 
can be estimated from the guaranteed com- 
position and ingredients, especially from the 
fiber guarantee. 

940. Condensed beet solubles product. 
— This feed, also called MC 47, is the con- 
densed residue obtained in the separation 
of glutamic acid from beet molasses or the 
Steffen's filtrate in beet sugar production. 
It has about 64 per cent dry matter, 20 
per cent crude protein, and 18 per cent 
mineral matter. It is very high in betaine, 
which can partially replace choline in the 
diet, and is therefore useful in certain 
poultry rations. 114 (218) 

In California experiments it furnished 
80 per cent as much digestible nutrients 
as average cane molasses. 115 A concentrate 
mixture or ground hay with 10 per cent of 
this product added was readily eaten by 
dairy cows after the second feeding of the 
mixture, and mixtures containing it were 
satisfactory for steers or lambs. 

941. Sugar. — Though the nutritive val- 
ue of sugar is no greater than that of 
an equal weight of starch, the great fond- 
ness for it shown by stock makes it helpful 
in some cases for stimulating the appetite. 
For this reason, a small amount is some- 
times added to concentrate mixtures used 
in fitting animals for show. Also, as shown 
in Chapter XXXV, the consumption of pig 
starters or mixtures for creep-feeding suck- 
ling pigs may be increased by including 5 
to 20 per cent of cane sugar in the mixture. 

Experiments were conducted by the 
Hawaiian Station to find to what extent low- 
grade sugar could be substituted for im- 
ported grain in poultry rations, if imports 
were cut off at any time. 116 Because of the 


sticky nature of this sugar, which contain^-' 
considerable molasses, it was usually mixed/: d 
with 10 to 20 per cent of ground ^ugar&^ » 
cane bagasse pith. The results were satis- 
factory when such a mixture formedas mjteh w 
as 35 per cent of the ration for hens fed 
40 per cent for chicks, the protei|i con&nt 
being adjusted properly. .. Mt V 

In another Hawaiian trial jv 

of 5 per cent of cane sugar to a ration fcv * 

pigs increased the feed consumption and pro- . ! 

duced slightly more rapid gains. 11 '*. In a 
Kansas test there was no advantage in add- 
ing 0.5 lb. of sugar per head daily to a 
ration for horses. 118 V * 

In a recent Utah experiment th«?peecb 
ing of cane sugar to beef cattle and pigs* # 
for about 3 days before slaughter tendeC to * 
improve slightly 4 the dressing percentage 
and also the flavor of the livers. 119 - m 

4 / . 

942. Dried beet pulp; dried nColas- 
ses-beet pulp. — Most of the^beet 
produced in this country is dried 
beet-sugar factories to form dried; 
pulp , or is combined with mola^si 
dried to form dried 
These feeds are palatable, bulky;' 
laxative, and keep well in storage: 

Dried beet pulp and dried molasses- 
beet pulp are rich in carbohydrates, but 
they are relatively low in protein and 
poor in fat. Dried beet pulp has an aver- 
age of 8.8 per cent protein, 0.6 per cent , 
fat, 19.6 per cent fiber, and 58.7 per 
cent nitrogen-free extract. Though it is 
high in fiber for a concentrate, the fiber 
is well digested, and dried beet pulp has 
68.7 per cent of total digestible nutri- 
ents, which is nearly as much as in oats. 

Dried molasses-beet pulp is slightly 
higher in protein and nitrogen-free ex- 
tract and somewhat lower in fiber than is 
dried beet pulp. However its feeding 
value is approximately the same. 

Both dried beet pulp and dried 
molasses-beet pulp have a fair amount 
of calcium, but they are very low in 
phosphorus. When a considerable amount 
of either of these feeds is used, it may 
therefore be necessary to add a phos- 
phorus supplement to the ration. 

Dried beet pulp is fair in niacin 
content, but is low in other B-complex 
vitamins. It does not supply carotene or 
vitamin D. 
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Sk ^ Largely because of the bulky nature are economical substitutes for not over 
and the palatability, dried beet pulp and one-half the grain in rations for fattening 
Wjr dried polasses-beet pulp are very popu- cattle or lambs. Thus used, they produce 
l| r fe^ds for dairy cattle, and most of good gains and have a high feeding 
¥ supply is used for this purpose, value. Adding these bulky feeds to a 

j|L ^ese fpeds are also used extensively fattening ration helps to keep the animals 
B^^pthe sugar-beet districts as a substitute on full feed without digestive disturb- 
part of the grain in fattening cattle ances, and tends to reduce trouble from 
or sheep and may replace part of the bloat on such a ration as ground barley 
’ ; . grain for horses. and alfalfa hay. 

By rolling dried molasses-beet pulp In results of experiment station trials 

throng corrugated rollers, the bulk can compiled by the author, these feeds have, 
K and the feed can be mixed on the average, been about equal to 

readily with grain. Molasses-beet barley or grain sorghum in value per 
; puq> pellets are also made, which weigh ton, when replacing not more than one- 
g#out 4 times as much per bushel as half the grain in rations for fattening cat- 
Igdmary dried molasses-beet pulp. These tie or lambs . 124 Maynard of the Great 
;#gim£nate loss from blowing when fed in Western Sugar Co. states that in 46 ex- 
Ste^pen. periment station trials with fattening cat- 

* 94S t .Dried beet pulp; dried molas- tie or lambs, a ton of dried molasses-beet 

, pulp for dairy cattle.— As a pulp replaced an average of 1,782 lbs. 

IfArce of nutrients for economical milk grain and 836 lbs. alfalfa hay . 125 Harris 

mEMMii ction. these bulky, palatable feeds the Holly Sugar Corporation, from a 
no more, than ground corn study of 51 trials by experiment stations 
or even less . 120 However, as a and beet sugar companies, has computed 
the concentrates for cows on that dried molasses-beet pulp has a net- 
^Bcial test, or when a limited amount is energy value higher than corn grain, 

added? to a heavy concentrate mixture when fed as a substitute for part of the 

to suj^ply bulk, they may be worth more grain in rations for fattening cattle or 
than gf&zn. Cows on official test are often lambs . 126 

fed 6 to 10 lbs. of dried beet pulp per These beet by-products even give 

* head daily, well soaked from one feed- f a * r *° good results as the only concen- 
ing to the next with water to which mo- fr ate ^ or fattening lambs, when fed with 
lasses is sometimes added. alfalfa hay. Thus fed in 18 trials, dried 

When silage or other succulent feed molasses-beet pulp was worth about 80 
is not available, dried beet pulp, soaked P er cen f as much as corn. 1 -* Dried beet 
before feeding, is occasionally used as a P U ^P or dried molasses-beet pulp can also 
substitute, though it is usually more be used as a substitute for grain in win- 
expensive than silage . 121 If cows are pro- tering breeding ewes or beef cattle . 1 - 8 
vided with water in drinking cups, the Dried beet pulp is not well liked by 

results are probably just as good when horses, but when mixed with other con- 
dried beet pulp, up to an allowance of centrates it is satisfactory when forming 
8 lbs. per cow daily, is fed dry as when not over one-third of the concentrate 
it is soaked . 122 allowance. 

' Both dried beet pulp and dried These beet by-products are too bulky 

molasses-beet pulp are too bulky and too *° have much usefulness for swine or 
low in digestible nutrients to be very effi- poultry . 1 * 9 ^ However, in English tests 
dent as the only concentrate for good pig s weighing 60 lbs. or ovei made fair 
dairy cows. They have a considerably gains when dried beet pulp or moksses- 
higher value when mixed with more con- beet pulp replaced part of the grain in 
centrated feeds . 123 *be ration . 130 

944. Dried beet pulp; dried molas- 945 . Wet beet pulp.— The wet pulp 

ses-beet pulp for other stock. — When that is not dried to make dried beet pulp is 
cheaper per ton than grain, these feeds usually stored at the beet-sugar factories 
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in huge open silos, which are merely paved 
areas with strong walls. Here the pulp under- 
goes an acid fermentation similar to that 
which occurs in corn silage. It is then hauled 
to the farms where it is fed, at intervals 
frequent enough to prevent spoilage. Some- 
times the fresh pulp is hauled to the farms 
and stored in ordinary silos or else in trench 
or pit silos. 

Ensiled pulp keeps much better than 
fresh pulp when exposed to the air, and 
it is therefore preferred for feeding. Owing 
both to the draining away of water and to 
the loss of nutrients in the fermentation, 


must be corrected. In the West wet beet 
pulp is generally fed with alfalfa hay, which 
largely or entirely makes good the lack of 
protein and is usually fair in phosphorus 
content. However, Utah experiments show 
that dairy cows or fattening stock may suffer 
seriously from phosphorus deficiency when 
fed rations made up largely of wet beet pulp 
and alfalfa hay without a phosphorus sup- 
plement. 132 To guard against a lack of phos- 
phorus, steamed bone meal or some , other 
safe phosphorus supplement should there- 
fore be added to such rations. When a phos- 
phorus-rich protein supplement is fed, such 



Fattening Steers on Beet Pulp in the West 


In the vicinity of the beet sugar factories thousands of cattle are fattened on wet beet 
>ulp and other feeds. In the feed lots shown in this view the beet pulp is brought from the 
>eet sugar factory on the tramway. 


there will be a shrinkage in weight of about 
30 per cent when the pulp is ensiled in a 
trench silo. 131 

Wet beet pulp is very watery and con- 
tains an average of only 11.6 per cent dry 
matter. Even pulp that has been pressed at 
the factory to remove some of the water has 
only about 14 per cent dry matter. The chief 
value of wet beet pulp is in the carbohy- 
drates it contains. Though most of the sugar 
has been extracted, the fiber and nitrogen- 
free extract of wet beet pulp are well di- 
gested by cattle and sheep. The dry matter 
in wet beet pulp is about equal to that of 
roots in feeding value. 

Beet pulp is low in protein and espe- 
cially low in phosphorus. When heavy al- 
lowances of pulp are fed, these deficiencies 


as cottonseed meal, linseed meal, or wheat 
bran, it may supply enough of this mineral. 

Wet beet pulp is fed chiefly to fatten- 
ing cattle or lambs or to dairy cattle. In 
limited amounts it is satisfactory for idle 
horses and can even be fed to swine as a 
substitute for a part of the grain. 133 

Stock should be accustomed to the pulp 
gradually, but later cattle and sheep may 
be allowed all they will clean up, if there 
is a plentiful supply. 

946. Wet beet pulp for dairy cows, — 
Wet beet pulp is liked by dairy cows and 
produces milk of good quality when fed 
under proper conditions and not in excess. 
In Utah trials cows fed wet beet pulp as a 
substitute for corn silage produced fully 
as much milk as those fed corn silage. 184 
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Because of the much lower dry matter con- 
tent of wet beet pulp, it required 2.1 lbs. 
of it to replace 1 lb. of corn silage. Per 
pound of dry matter, the pulp was worth 
slightly more than corn silage. To avoid any 
danger of injuring the flavor of the milk, 
wet beet pulp should be fed after milking 
and in a sanitary manner, the same as in the 
case of silage. 

947* Wet beet pulp for beef cattle and 
sheep, — In the vicinity of the western beet- 
sugar factories large numbers of cattle and 
sheep are fattened on wet beet pulp. This is 
usually fed with alfalfa hay, which makes 
? l? 00 ^ the low protein content of the pulp. If 
■ a liberal amount of alfalfa hay is not sup- 
plied, a sufficient amount of protein supple- 
/•m$»t should be fed to balance the ration. 

Often cattle are fed only wet beet pulp 
4hn<| r - ilfalfa hay for the first part of the fat- 
ten -n| period and then a limited amount of 
^ j*ra$i or other concentrates is added during 
the^toter part. Sometimes cattle are fattened 
wet beet pulp and alfalfa hay, but 
are much slower than when a lim- 
fcJ^Hpmoimt of concentrates is fed, and also 
•IWHPftttle do not reach as good a finish. 

™ * When beet pulp and beet molasses form 
a large part of the rations, a deficiency of 
phosphorus must be guarded against. The 
importance of this is shown in 3 Utah exper- 
iments in which steers gained only 1.07 lbs. 

„ per head daily on the average when fed only 
wet beet pulp, beet molasses, and all the al- 
falfa hay they would eat. 135 Adding 0.1 lb. 
of bone meal'daily to this ration doubled the 
gains and reduced the feed cost per 100 lbs. 
gain by 44 per cent. 

When a sufficient amount of wet beet 
pulp is available, fattening cattle are often 
red 60 lbs. or more per head daily and fat- 
tening lambs 5 lbs. or more. 125 When wet 
beet pulp is fed along with grain and hay, 
100 lbs. of dry matter in the pulp have a 
higher value than the same amount of dry 
matter in dried beet pulp. 

In 4 Colorado trials with fattening 
calves the addition of wet beet pulp to a ra- 
tion of ground barley, alfalfa hay, and 1.0 lb. 
cottonseed cake slightly increased the rate 
of gain. 136 Each ton of wet beet pulp was 
equal to 145 lbs. of concentrates and 342 
lbs. of alfalfa hay, without considering the 
more rapid gain and slightly better finish 
of the cattle. In 2 Oregon trials, the gain of 
fattening yearlings was increased by adding 
wet beet pulp to a ration of corn and alfalfa 
hay, but each ton of beet pulp saved only 
36 lbs. com plus 382 lbs. hay. 137 

In 32 similar experiments with fattening 


lambs, the addition of wet beet pulp to a ra- 
tion of grain and alfalfa hay has likewise 
usually increased the gains slightly. 138 In 
these experiments 1 ton of wet beet pulp 
replaced 129 lbs. of grain plus 376 lbs. of 
hay. Wet beet pulp is especially suitable for 
fattening aged ewes with poor teeth. In feed- 
ing heavy allowances of the watery pulp, it 
is important that the yards be kept dry by 
proper drainage and the use of bedding. 

Because of the low content of dry mat- 
ter, it usually requires nearly 2 tons of wet 
beet pulp to replace a ton of corn silage for 
fattening cattle or sheep. In 9 experiments 
with fattening cattle the gain has been a lit- 
tle more rapid on a ration of wet beet pulp, 
alfalfa hay, and concentrates than when corn 
silage replaced the pulp. 139 Each ton of si- 
loed wet beet pulp replaced 1,017 lbs. silage, 
plus 24 lbs. concentrates and 13 lbs. hay. 

IV. Distillery and Fermentation 
By'-products 

948. Distillery by-products. — In the 
manufacture of distilled liquors and al- 
cohol from grain, the grain is first ground 
and cooked with water. Then after cool- 
ing, malt is added, to furnish amylase, 
or diastase, the starch-digesting enzyme, 
or else an amylase-containing product 
produced by fermentation, called “fun- 
gal amylase,” is added. 

The mixture, called mash, is held at 
the proper temperature for the amylase 
to change the starch into sugar. In the 
next stage of the process the sugar in 
the watery mash is converted into alco- 
hol by the action of yeast. After the 
fermentation is completed, the alcohol 
is distilled off, leaving a watery residue, 
called stillage , or distillery slop . 

The coarser particles are usually 
strained out of the stillage, forming wet 
distillers grains. The water-soluble ma- 
terial and the fine particles that pass 
through form what is known as thin stil- 
lage, or thin slop. This may be condensed 
by evaporation and dried to form dried 
distillers solubles. Sometimes the distil- 
lers solubles are marketed in condensed, 
or semi-solid, form. 

The condensed distillers solubles are 
often added to the wet distillers grains 
and the mixture then dried, to form dis- 
tillers dried grains with solubles , also 
called dark distillers dried grains. Some- 


< | 


t 


l 1 

ti 

;f f 

If- • I 


FEEDS AND FEEDING 


times the wet distillers grains are dried 
without adding the distillers solubles. 
This product is called distillers dried 
grains without solubles , or light distillers 
grains . 

949. Distillers dried grains. — Dis- 
tillers dried grains made from a grain 
mixture in which corn predominates are 
called corn distillers dried grains . They 
are high in protein, averaging 26 per 
cent or more and are also rich in fat, 
with an average well over 8 per cent. 
Though they are almost as bulky as 
wheat bran, they are highly digestible 
and are as rich as com grain in total 
digestible nutrients. Corn distillers grains 
without solubles have 84.0 per cent of 
total digestible nutrients, on the average. 

The chief difference between dis- 
tillers grains with solubles and the grains 
without solubles is that the former are 
very much higher in B-complex vitamins. 
This higher vitamin content increases 
their value in poultry rations but is prob- 
ably not important for cattle or sheep 
under usual conditions. Distillers grains 
with solubles are also higher in minerals 
than the grains without solubles. 

Rye distillers dried grains , made 
from a grain mixture in which rye pre- 
dominates, are lower in protein than the 
average for the corn grains. Formerly, 
the average protein content was only 
18.5 per cent and the average fiber con- 
tent was 15.6 per cent. The value of 
such rye distillers grains was much lower 
than of corn distillers grains. Some recent 
samples of rye distillers dried grains 
have had an average of 24.4 per cent 
protein and only 11.5 per cent fiber. 
Such rye distillers grains more closely 
approach corn distillers grains in value. 

Some grain sorghum and wheat 
have also been used in the production 
of alcohol or distilled liquors. Sorghum 
distillers dried grains of high grade, 
made from a grain mixture in which 
grain sorghum predominates, resemble 
corn distillers grain in composition, ex- 
cept that they are lower in fat. Some 
sorghum distillers grains have been lower 
in protein and higher in fiber. 

During World War II considerable 
wheat was used in this country in pro- 


ducing alcohol for technical purposes. , 

The wheat distillers dried grains which 
are made when entire; wheat grain is 
processed have about as much protein % 
as do corn distillers grains. When wheat % 
grits are employed, from which most of 
the bran has been removed, the wheat u 
distillers grains may have 46 per cent/ 
protein. 

Distillers dried grains made by the 
fungal-amylase process are about equal 
to those made by the malt process. 140 

Distillers dried grains are used 
chiefly for dairy cattle but are also a. satis-*' 
factory protein supplement for beef cat- \ 
tie or sheep. They have decided limi- 
tations as a feed for swine or poultry. ; 
Distillers grains are not especially /Cvelk* 
liked by stock when fed alone, but Jjter# 
is no difficulty when they are usee ill 
suitable mixtures. ’*** 

Occasionally, distillers dried grains 
are cheaper than corn or other cereal 
grains. They may then be used as a sub- 
stitute for part of the grain in feeding 
dairy cattle, beef cattle, sheep, or horses. 

They had best form not more than about 
half of the concentrate mixture for cat- 
tle or sheep and not more than one- 
fourth of the concentrates for horses. 

Because of the considerable range 
in composition of various types of dis- 
tillers dried grains, they should be bought 
on a definite guarantee of composition. 

Some of the distillers dried grains sold 
as com distillers grains have not been up 
to the usual grade for tills feed, appar- 
ently being made from a mixture con- 
taining a large proportion of other grain. 

950. Distillers dried grains for dairy 
cattle. — Corn distillers dried grains are 
a popular protein supplement for dairy 
cows and are a favorite ingredient in 
concentrate mixtures for cows on official 
test. Because of the high fat content of 
corn distillers grains, they are especially 
valuable for milk production when the 
other feeds in the ration are rather low 
in fat. (1020) 

In New York experiments com dis- 
tillers grains have been slightly superior 
to a mixture of corn gluten feed and soy- 
bean oil meal for dairy cows, and rye 
distillers grains having 25 per cent pro- 
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f tein were about equal to corn gluten 
feed. 141 Sorghum distillers grains with 
30 per cent protein also equaled com 
distillers grains. 

II 951. Distillers grains for beef cat- 

jj* ti e , — Distillers dried grains are a satis- 

fy 11 *' factory protein supplement for beef 
cattle. Because of their lower protein con- 
tent, it will take about 1.5 lbs. to furnish 
as much protein as in 1.0 lb. of soybean 
oil meal or cottonseed meal, but this 
amount of distillers grains will supply 
^more total digestible nutrients. 142 Corn 
• distillers dried grains have about as much 
protein and total digestible nutrients as 

t Mixture of half soybean oil meal and 
a14 grain or corn-and-cob meal. They 
*yerr equal to such a mixture in Ohio 
Me&s* with beef calves being wintered 
in a Kentucky trial with beef cows 
nursing calves in winter. 143 When used 
* 4 $s the only protein supplement in rations 
* ;.{pr fattening cattle, distillers grains may 
^ not produce quite as rapid gains as soy- 
bean oil meal, linseed meal, or cotton- 
seed meal. 

In 3 Kansas tests 4 lbs. of corn dis- 
tillers grains were worth somewhat more 
than 2 lbs. cottonseed cake to supple- 
ment sorghum grain and sorghum silage 
for fattening steers. 144 In Kentucky ex- 
periments with fattening cattle a mix- 
ture of half com distillers grains and half 
soybean oil meal produced slightly more 
rapid gains, on the average, than dis- 
tillers grains as the only supplement. 143 
Replacing half the distillers grains with 
urea plus sulfur reduced the gains. In 
Kansas trials corn distillers grains were 
very slightly superior to sorghum dis- 
tillers grains for fattening cattle. 144 

Used as a substitute for one-third 
the corn for fattening cattle in Maryland 
trials, rye distillers grains were worth 
73 per cent as much as No. 2 grade 
corn. 146 

952. Distillers dried grains for 
sheep. — Corn distillers grains with solu- 
bles produced nearly as good results as 
did linseed meal as the protein supple- 
ment for fattening lambs in 4 New York 
experiments. 147 Because of the lower pro- 
tein content of distillers grains, some- 


what more was needed to balance the ra- 
tion, and the distillers grains were worth 
91 per cent as much per ton as linseed 
meal. In one trial corn distillers grains 
without solubles had a lower value, per- 
haps due to the use of a considerable 
proportion of other grains in the manu- 
facture. As a substitute for part of the 
corn grain, distillers grains were worth 
slightly more per ton than corn when 
they replaced one-third the corn, and 100 
lbs. were equal to 95 lbs. corn minus 11 
lbs. hay when they replaced half the 
com. 

Rye distillers dried grains were not 
satisfactory as the only concentrate for 
wintering breeding ewes in Maryland 
trials. 148 Death losses and nervous dis- 
orders occurred, apparently because of 
some nutritive deficiency. 

953. Distillers grains for swine. — 
Distillers dried grains are not usually fed 
to swine, since they are much better 
suited for feeding cattle, especially dairy 
cows. 149 They are unsatisfactory as the 
only protein supplement for pigs not on 
pasture. Distillers grains produce fair re- 
sults when replacing not over one-half 
the tankage or meat scrap in a ration, or 
when used as the protein supplement for 
pigs on good pasture. In an Ohio test 
com distillers dried grains had a low 
value when used as a substitute for one- 
fourth of the com in a well-balanced 
ration for pigs not on pasture. 150 

954. Distillers grains for poultry. — 
Distillers dried grains can be used satis- 
factorily in rations for poultry, if there is 
a sufficient amount of such a protein sup- 
plement as dried skimmilk, fish meal, or 
meat scrap, which have protein of better 
quality. 151 Because of the bulkiness of 
distillers dried grains, rations for laying 
hens had best not have more than 10 
per cent of distillers grains, and rations 
for chicks not over 7 or 8 per cent. For 
poultry, distillers grains with solubles are 
decidedly preferable to grains without 
solubles, unless an abundance of ribo- 
flavin and other B-complex vitamins is 
supplied by other feeds. 

When corn distillers dried grains are 
much cheaper than corn, they may 
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be an economical substitute for one-half 
of the corn in an all-mash laying ra- 
tion. 152 

955 . Distillers dried solubles. — 
Distillers dried solubles are used chiefly 
in formula, or mixed, feeds for poultry, 
swine, and dairy calves, because of their 
high content of certain B -complex vita- 
mins. However, the dried solubles may 
have fully as much protein as do corn 
distillers dried grains, and they are a 
satisfactory protein supplement for dairy 
cows, beef cattle, and sheep. 

The protein of distillers solubles is 
not of high quality for poultry and swine 
and does not effectively supplement the 
protein of the cereal grains. 153 Distillers 
solubles are very rich in niacin and cho- 
line and have a good content of ribo- 
flavin, pantothenic acid, and thiamin, but 
they do not have much vitamin B 12 . They 
also supply one or more of the unidenti- 
fied vitamins important in poultry ra- 
tions. 154 

Molasses distillers dried solubles 
contain much less protein than the solu- 
bles from grain fermentation, having an 
average of only 12.9 per cent. They have 
over 24 per cent mineral matter, and 
hence furnish much less total digestible 
nutrients than the grain solubles. 

Because of the content of B-com- 
plex vitamins, 2.5 to 5.0 per cent of dis- 
tillers solubles is included in many for- 
mula poultry feeds. The addition of 
distillers solubles to a practical ration con- 
taining little or no animal protein sup- 
plements appreciably increases the rate 
of growth and the feed efficiency. 155 Not 
more than 5 to 10 per cent of distillers 
solubles should generally be used in poul- 
try rations, because of the laxative effect. 

For swine, distillers solubles have a 
distinct value as a source of B-complex 
vitamins when added to dry-lot rations 
low in these vitamins. Catron of the Iowa 
Station has recently summarized the re- 
sults of 21 experiment station trials in 
which distillers solubles have been added 
to various types of rations for growing 
and fattening pigs, with and without an 
animal protein supplement. 156 On the 
average, the addition of distillers solubles 
increased the daily gain 4.2 per cent and 


reduced the amount of feed per 100 lbs. 
gain 3.3 per cent. In 9 of the trials dis- i. 
tillers solubles did not increase the -gains, i 

The benefit from adding distillers 
solubles to such a ration as corn,, soy- 
bean oil meal, 4 per cent alfalfa ; meal, 
and minerals for growing and fattening 
pigs is shown by 4 Ohio trials. 157 Jhe j 
pigs remained healthier, the dailyitifain 
was increased 0.24 lb., and 12 lb#; less 
feed were required per 100 lbs.**gain. 
Adding distillers solubles to the. ration 
produced about as good results as adding 
meat scrap. h 

In Illinois experiments with brood 
sows and pigs kept continuously in dry 
lot, without pasture or any green fa£d;X 
there was a benefit from adding 6 ^jSer^' 
cent of distillers dried solubles to toicaj^ 
rations that contained no alfalfa mea/ or 
not over 5 per cent of alfalfa. 158 IncreatS** 
ing the alfalfa to 15 per cent produced 
similar improvement. 

Wisconsin tests indicate that the 
addition of extra alfalfa to swine rations 
fed under restricted dry-lot rations gen- 
erally produces as good results aS^adding 
distillers solubles, and at lower cost. 159 
Kentucky and Nebraska * experiments 
show that distillers solubles are not sat- 
isfactory as the only protein supplement 
for pigs, but that they can be used as a 
substitute for linseed meal or soybean 
oil meal in trio-type supplemental mix- 
tures. 160 

Distillers dried solubles may be 
used in dry calf starters or milk replacers 
as a source of B-complex vitamins. Corn 
or sorghum distillers solubles have been 
a satisfactory substitute for dried skim- 
milk or dried whey and also dried yeast 
in calf starters where the chief protein 
supplement was soybean oil meal, which 
provides excellent protein. 161 There is no 
advantage in adding distillers solubles to 
a calf starter that otherwise has ample 
B-complex vitamins. 

Dried distillers solubles are a satis- 
factory protein supplement for dairy 
cows or beef cattle, but they do not have 
the especial value as a source of B-com- 
plex vitamins that they have for poultry, 
pigs, or young dairy calves. In New York 
trials corn distillers solubles were slightly 
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superior to corn gluten feed as a protein 
supplement for dairy cows, but not quite 
equdbto corn distillers dried grains. 162 

In 2 Kentucky trials fattening steers 
fed Qorn distillers solubles high in pro- 
tein ' as ^ the supplement gained more 
rapidly than steers fed soybean oil meal 
as the protein supplement, and they re- 
quited 7 per cent less feed per 100 lbs. 
gain. 163 In another trial corn distillers 
solubles having only 20 per cent protein 
were much less valuable. Corn distillers 
^solubles were very satisfactory as the 
protein supplement for wintering stocker 


^56. Stillage, or distillery slop. — The 
K$I§*ge, or distillery slop, left after the al- 
icbhol is distilled from the fermented mash, 
'Is soyfe times fed to livestock on farms near 
a^istillery. The whole stillage has only 6 
m 8 per cent dry matter, and the strained 
stillage, after the wet distillers grains are 
removed, about 4 per cent or less. 

Stillage has been chiefly used for fatten- 
ing cattle, which are allowed to drink all 
of it that they will take. To produce satis- 
factory Results the cattle should also be fed 
at least 5 lbs. per head daily of hay of 
reasonably good quality, that will supply 
considerable vitamin A value. If the stillage 
comes from grain other than yellow corn, 
there may be a serious deficiency of vitamin 
A, unless the hay is of good quality or a 
vitamin A supplement is fed. It is wise to 
supply a mineral mixture to furnish addi- 
tional calcium. 

Cattle will make fair gains — as much as 
1.5 to 1.9 lbs. per head daily — when fed no 
grain in addition to stillage and a limited 
amount of hay. To increase the gains and 
improve the finish, a small amount of grain 
is often fed. No protein supplement is 
needed. The stillage sometimes has an un- 
duly laxative effect. In such cases roughage 
should be fed that will counteract the effect, 
such as grass hay, straw, or cottonseed 
hulls. 

In a Kentucky trial yearling cattle full- 
fed on stillage with 5 lbs. of hay a day 
consumed an average of 20.6 gallons, or 
about 175 lbs., per head daily and gained 
1.55 lbs. a day. 164 Per pound of gain, 113 
lbs. of stillage and 3 lbs. of hay were re- 
quired. It was estimated that 13.4 lbs. of 
total digestible nutrients were required per 
pound of gain, which is considerably more 
than needed when cattle are fattened on a 
ration with a liberal amount of grain. 


In a Maryland test, rye stillage con- 
taining 5 per cent dry matter satisfactorily 
replaced one-half the concentrates for dairy 
cows. 165 Thus fed, the stillage was worth 
5 per cent as much per ton as the concen- 
trate mixture. To get some of the cows to 
consume a large amount of stillage, it was 
necessary to warm it and add a little mo- 
lasses. 

Strained or thin stillage proved too 
watery for use in swine feeding in Ken- 
tucky tests. 166 Heavy feeding of distillers 
stillage tends to produce soft pork. 

In another Kentucky test whole stillage 
containing 8 to 9 per cent dry matter was 
used satisfactorily to replace a considerable 
part of tlie corn in a growing mash for 
chickens. 167 

957. Yeast. — The most common 
kind of yeast used in stock feeding is 
brewers' dried yeast , made from the yeast 
filtered from beer or ale after the fer- 
mentation is completed. This yeast is of 
the Saccharomyces type. Dried yeast of 
the Torula type is now made in this 
country by the fermentation of the waste 
sulfite liquor from making paper pulp. 
Yeast for feeding can also be produced 
in the fermentation of molasses for al- 
cohol. 

The chief use of brewers' dried 
yeast in stock feeding is as a vitamin B- 
complex supplement, especially for poul- 
try. It is very rich in all the B vitamins, 
except that it has very little vitamin B 12 . 
It also supplies two of the unidentified 
vitamins important for poultry. 

Brewers" dried yeast has an average 
of 44.9 per cent protein, and is high in 
phosphorus, containing 1.56 per cent. In 
drying the yeast, it is commonly heated 
sufficiently to kill the yeast cells and de- 
stroy the fermenting power. Otherwise, 
too great fermentation might be pro- 
duced in the digestive tract, causing in- 
digestion. 

It is shown in Chapter VII and in 
the chapters of Part III that there is 
generally no advantage in adding yeast 
as a vitamin supplement to livestock ra- 
tions that already supply sufficient 
amounts of the B -complex vitamins. 
(210) The use of irradiated yeast as a 
vitamin D supplement is discussed in 
Chapter VII. (203) 




FEEDS AND FEEDING 


Yeast may sometimes have a special 
value to restore the appetite of animals 
that are badly run down. In the case of 
animals which are very debilitated be- 
cause of heavy infection with internal 
parasites, treatment with an anthelmintic 
to remove the parasites is often fatal. 
Drenching the animal with a yeast sus- 
pension and then feeding yeast for a few 
days tends to restore the appetite and 
build the animal up so it can stand the 
treatment for removal of parasites. 168 

• If the price of brewers’ dried yeast 
or other dried yeast is such that it is an 
economical source of protein, it can be 
used in place of other protein supple- 
ments in stock feeding. In Canadian ex- 
periments brewers’ dried yeast equaled 
linseed meal for dairy cows. 169 In Ha- 
waiian trials dried yeast, fed as 25 to 35 
per cent of the concentrate mixture for 
dairy cows, gave nearly as good results 
as soybean oil meal. 170 

Though the protein in dried yeast 
helps to supplement the protein of the 
cereal grains, dried yeast is not satis- 
factory as the only protein supplement 
for swine or poultry. It gives satisfactory 
results when used in combination with 
supplements that provide protein of bet- 
ter quality. 171 In English experiments 
dried yeast tended to produce rickets in 
pigs when forming 20 per cent of the 
ration, unless an abundance of calcium 
was supplied and also of vitamin D. 172 

Dried tonda yeast , or wood yeast, 
produced from sulfite waste liquor, re- 
sembles brewers’ dried yeast in composi- 
tion and may be used similarly. Torula 
yeast is apparently lower in methionine 
than brewers’ yeast, and should be used 
with feeds that supply an ample 
amount. 173 It also has considerable non- 
protein nitrogen, which cannot be uti- 
lized by poultry or swine. 174 

Dried torula yeast satisfactorily re- 
placed soybean oil meal as the protein 
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958. Other fermentation by-products. — i 
Other dried or condensed by-products are 
produced from the residue that remains 
when alcohol is made from molasses, or 
when molasses or grain is fermeiited in 
special processes to make acetone, butyl 
alcohol, and other products. These by-prod- 
ucts are used chiefly in poultry rations as 
vitamin supplements to supply riboflavin 
and other B -complex vitamins, and also cer- 
tain unidentified vitamins or factors. Jj 22 f) 
They are sold under various trade names, 
with guaranteed content of riboflavin. 

Yeast dried grains and vinegar dried 
grains are by-products in the manufacture! « 
of yeast and of malt vinegar from grain 
and other materials. They resemble rue ‘ 
distillers dried grains in composition. ^ A 

V. Formula Feeds, or CoMJviteR^^v 
cl\l Mixed Feeds; Mineral a^d 0 

Vitamin Mixtures; Premixes 

959. Formula feeds. — The manu- 
facture of formula feeds (commercial 
mixed feeds) has become a very impor- 
tant industry in the United States. It is 
estimated that 33 million tons of formula 
feeds are made annually in this country, 
with a value of well over two billion 
dollars. About 6,000 feed manufactur- 
ers produce formula feeds under their 
own brands, and a much greater number 
of feed stores make mixed feeds for their 
customers. 

About 60 per cent of the tonnage of 
formula feeds is made for poultry, about 
19 per cent for dairy cattle, 11 per cent 
for swine, and smaller amounts for beef 
cattle and sheep, which are fed chiefly 
home-grown grains. 176 In the intensive 
dairy districts of the Northeastern and 
North Atlantic States by far the greater 
part of the concentrates fed dairy cows 
are formula feeds, and large-scale poul- 
trymen use chiefly formula feeds. 

Most of the formula feeds on the 
market are intelligently and honestly 
made of good ingredients, and such feeds 


supplement in New Hampshire tests with produce very satisfactory results. In pur- 
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dairy cows and laying hens. 175 A com- 
bination of torula yeast and soybean oil 
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chasing formula feeds one should con- 
sider the general reputation of the manu- 



meal was a satisfactory protein supple- facturers of the various brands of feed 
meat for chicks, but the growth was re- available. He should also find from the 
duced when the yeast was the only pro- feeding stuff inspection reports of his 
tein supplement. ’ 


state whether any particular manufae- 
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* turer has in the past been fully meeting 
his guarantees of composition and of de- 
clared ingredients. 

In the opinion of the author there 
is no- one best formula for a feed mixture 
for any class of stock, in spite of claims 
sometimes made to the contrary. Many 
formulas can be recommended that will 
produce excellent results, and the choice 
among them will depend primarily on the 
prices of the various individual ingre- 
dients at any particular time. 

It has been emphasized in Chapter 
XII that it is decidedly uneconomical to 
adhere to the same formula, month after 
jh|&Lth and year after year, without re- 
jpjjwl to the relative cost of the various 
fJS&vidual ingredients that are available. 
?f%ed f manufacturers can obviously study 
th^ changes in the prices of various feeds 
much more closely than most farmers. 
They are therefore in a position to make 
such changes in their formulas as are 
necessary to furnish efficient mixed feeds 
to their customers at the minimum price. 

Manufacturers of formula feeds who 
have chemical laboratories or who have 
chemical service available can control 
the vitamin content of such feeds as poul- 
try mashes. This is difficult when they are 
made on the farm. 

Suitable concentrate mixtures and 
complete rations are recommended in 
Part III and in Appendix Table VII for 
each class of stock. It is believed that 
these mixtures and rations will all pro- 
duce excellent results, when made of 
good-quality feeds, and fed intelligently. 
It is hoped that these recommendations 
may be helpful both to farmers and to 
those manufacturing mixed feeds. 

In deciding whether to buy a com- 
mercial mixed feed or to mix a suitable 
feed himself, one should base his deci- 
sion on the cost of the mixed feed and 
the cost of the home mixture, including 
the labor for the mixing. Convenience 
must also be considered. Unless a manu- 
factured vitamin and mineral premix is 
used, it is difficult to mix on the farm 
such complicated formulas as are now 
commonly used for poultry mashes, pig 
starters, and milk replacers for dairy 
calves. This is because of the very small 


quantities of certain vitamin and mineral 
supplements usually included in such 
formulas. 

Often a high-grade mixed feed can 
be bought at a price little or no higher 
than it would cost to mix a feed of the 
same value on the farm. The wise manu- 
facturer secures his profits by building 
up a large volume of sales through sell- 
ing his feed on a narrow margin of profit. 
He uses his ability to purchase ingredi- 
ents in large quantities and his knowl- 
edge of the prices and values of various 
ingredients to make mixed feeds that 
furnish nutrients most economically. 

Especially in using molasses, the 
feed manufacturer has a great advantage 
over the individual farmer. When bought 
by the feed manufacturer in tank cars, 
molasses is often the cheapest source of 
carbohydrates in many parts of the coun- 
try. Yet, when purchased by a farmer in 
barrels, molasses may be more expensive 
than grain. 

960. Importance of keeping safely 
within the guarantee. — It is exceedingly 
important for the permanent success of 
any feed manufacturer that his feeds at 
all times conform strictly to the guar- 
antees of chemical composition and in- 
gredients. Only when this is done, can a 
reputation for uniformly high quality of 
product be gained. 

If a feed manufacturer does not 
make chemical analyses at frequent in- 
tervals of the ingredients he uses and of 
his mixed feeds, he must fully consider 
the variations in the composition of the 
ingredients. Otherwise, the formula feeds 
may fall below their guarantees. To be 
safe, the guarantees for protein and fat 
must be sufficiently below the average 
composition, and the fiber guarantee 
enough above the average, so that the 
feeds will always meet the guarantees. 

961. Lower-grade feeds. — A large 
proportion of the formula feeds are made 
of only high-grade ingredients. Others, 
especially some of those for cattle, con- 
tain more or less of cheaper products, 
such as ground grain screenings, oat 
hulls, and oat mill by-product (oat mill 
feed). These materials have a definite 
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feeding value and can be used best when 
intelligently combined in reasonable pro- 
portions with feeds of higher value. 
In particular, molasses adds to the pala- 
tability and usefulness of a mixture 
containing considerable grain screen- 
ings. 

Formula feeds of this kind are some- 
times economical when honestly sold for 
what they actually are. In purchasing 
such feeds one should use good judgment 
and not pay more than the product is 
really worth, as shown by the guaranteed 
composition and ingredients. Particular 
attention should be paid to the fiber 
guarantee. For example, high-quality 
formula feeds for dairy cows should have 
no more than 10 to 12 per cent fiber. If 
the fiber guarantee for the feed is over 12 
per cent, it probably contains consider- 
able of a low-grade ingredient. 

962. Open formulas and closed 
formulas. — Most of the formula feeds are 
made with what are called “closed form- 
ulas/' In this method the minimum per- 
centages of protein and fat and the maxi- 
mum percentage of fiber are guaranteed. 
Also the ingredients in the feed are usu- 
ally stated on the feed tags, for this in- 
formation is required under the feeding 
stuff laws in most states. However, the 
amount of each ingredient is not speci- 
fied. In the “open-formula" method, 
which has been used chiefly by co-opera- 
tive organizations of farmers in manu- 
facturing formula feeds, the number of 
pounds of each ingredient in a ton of the 
mixture is also stated. 

The open-formula method has cer- 
tain advantages, but also certain disad- 
vantages. The exact amount of each in- 
gredient is known at a glance, and a 
farmer can easily compare the cost of the 
feed with the cost of making the same or 
a similar mixture on his own farm. Also, 
the amounts of digestible protein and of 
total digestible nutrients in the mixture 
can readily be computed, and the com- 

E utations can be checked by anyone 
:om such tables as Appendix Table I of 
this volume. The amounts of digestible 
protein and of total digestible nutrients 
are usually stated on the feed tag, along 
with the open formula. These figures are 


r 


necessary, if one desires to compute a 
balanced ration accurately in accordance • 
with the feeding standards. , * 

Such data are not commonly gi^en 
by manufacturers of closed-formula 
feeds, and, if given, the accuracy of the v 
figures cannot be checked, because the 
amounts of the various ingredients are * 
not known by the purchaser. 

Unfortunately, there is no method 
by which the exact amount of any feed- 
ing stuff in a formula feed can be deter- 
mined with accuracy. The best that can. 
be done by a skilled microscopist is to^ 
ascertain whether any particular ingredi- . 
ent is present and to estimate approSg-^ ' 
mately the proportion in which is occmfeT^ 
The laws can be enforced that reqirijB^^ 
the ingredients in a formula feed tp b 
declared, for the microscopist can testify 
definitely on the witness stand that » 
has or has not identified any particular 
ingredient in the feed. 

On the other hand, a law requiring 
that the manufacturer guarantee the 
amount of each ingredient in a formula 
feed could not be enforced. This is be- 
cause the amounts of the various individ- 
ual ingredients could not be determined 
with sufficient accuracy to serve as a 
basis for prosecution when the law was 
violated. 

One of the reasons why nearly all 
private manufacturers of formula feeds 
have been unwilling to use the open- 
formula plan is that this might make pos- 
sible unfair competition from unscrupu- 
lous competitors. Such competitors could 
print the same formulas on the feed 
tags, but cheapen the actual composition 
of their feeds by making changes in the 
proportions of various ingredients. Never- 
theless, they could meet the samP guar- 
antee of ingredients and of content of 
protein, fat, and fiber. Therefore, they 
could not be prosecuted under any feed- 
ing stuff law. Such an unscrupulous man- 
ufacturer could sell his cheaper feeds at 
a lower price than the first concern could 
sell the feeds which had been made ac- 
cording to the published formulas. Yet, 
he might claim that his feeds were the 
very same products as those made by the 
honest manufacturer. 


/ 
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' In addition, if a feed manufacturer 
, believes that through knowledge and ex- 
perience he has developed formulas that 
are particularly efficient, he may natu- 
rally" hesitate to give this information to 
his competitors by using the open-for- 
^ mula plan. 

\ 963. Mixing feed on the farm. — 

Statements are sometimes made that it is 
difficult to mix on the farm several in- 
gredients into a mixture that is suffi- 
ciently uniform to produce the best re- 
. .suits in stock feeding. As a matter of fact, 
it is relatively simple, except in the case 
’ a m * xture mac ^ e u p of many ingre- 
.^T'ents, such as some poultry mashes, pig 
^^psarters, or mixtures for young dairy 
Jppkl ves. 

One should first decide on the 
jp^^unt of each ingredient to be put in 
each ton or each 1,000 lbs. of the mix- 
ture, and write down this formula, so it 
can be followed exactly. Then a smooth, 
tight floor should be swept well, and the 
ingredients assembled. Scales should be 
c' at hand to weigh the feed, if full 100- 
% pound sacks of each ingredient are not 
used. 

Some of the ground grain, if it is the 
chief ingredient, should be spread on the 
floor to a depth of a few inches. Then a 
layer of each of the other ingredients 
should be distributed over the grain, and 
the process repeated until a long pile 
has been made, two or three feet deep. 
If only a small amount of some ingredi- 
ent is used, as in the case of salt, this 
should be distributed evenly over the 
top of the pile. If a very small quantity 
of some mineral or vitamin supplement 
is to be included, this should first be well 
mixed with several pounds of some fine 
feed ingredient, before being added to 
the pile. 

Finally, starting at one end, the feed 
is shoveled into a new pile of the same 
shape, a convenient distance from the 
first pile. Shoveling the mixture over 
three times will usually make it suffi- 
ciently uniform. Where a large amount of 
feed is mixed on a farm each year, it is 
advantageous to use one of the small 
feed mixers that have been developed 
for farm use. 


964. Premixes. — To aid the smaller 
formula feed manufacturer or the feed 
dealer in making complicated mixtures, 
premixes are manufactured, for mixture 
with the ordinary feed constituents. These 
contain the important but very small 
amounts of certain vitamin supplements 
or trace mineral supplements needed, for 
example, in poultry mashes. In a premix, 
the vitamin and trace mineral supplements 
have been very thoroughly mixed with a 
certain amount of a carrier, which is usu- 
ally one of the ordinary feed ingredients. 

These are designed to supply the 
proper amounts of vitamins or trace min- 
erals, or both, when the correct percent- 
age of the premix for the particular kind 
of animal is included in a formula feed. 
If available, such a premix can be used 
by a farmer in making up concentrate 
mixtures on the farm. 

965. Storage of concentrates. — If 
feeds contain too much moisture, they 
will heat and mold when stored, espe- 
cially in warm weather. The rate and de- 
gree of spoilage depend on the air tem- 
perature and humidity, as well as on the 
percentage of water in the feed. 

Heating or molding not only de- 
creases the palatability and general nu- 
tritive value of a feed, but still more im- 
portant, it seriously reduces the vitamin 
content, especially of carotene. As has 
been stated previously, the loss of caro- 
tene in a feed mixture is more rapid 
when the mixture contains meat scrap, 
tankage, dairy by-products, or certain 
mineral supplements. (195) 

For storage without injury, ground 
grain must be drier than the whole grain. 
When molasses is included in a feed 
mixture, the water content may be 
brought up to an unsafe level, if it is al- 
ready near the danger point. This is be- 
cause molasses contains much more water 
than most other concentrates. 

To be stored safely in warm weather 
for any long period, the percentages of 
water in various feeds should not exceed 
the following: 177 Ground corn, 13.0; 
whole shelled com, 14.7; ground oats, 
12.3; ground wheat, 12.0; ground sor- 
ghum grain, 13.0; wheat bran, 13.0; 
wheat shorts, 12.7; corn gluten meal, 
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11.2; cottonseed meal, expeller, 12.0; 
cottonseed meal, prepress solvent, 13.0; 
fish meal, 10.0-12.0; meat-and-bone 
scrap, 10.6; linseed meal, 11.0; soybean 
oil meal, 44 per cent protein, 13.1-14.5; 
soybean oil meal, 50 per cent protein, 
15.5; alfalfa leaf meal, dehydrated, 15.5. 

966. Antibiotic feed supplements. 
— The discovery in 1949 that certain 
antibiotics can increase the rate of 
growth of chicks and young pigs opened 
up a new development in swine and 
poultry feeding. Since then literally hun- 
dreds of experiments have been con- 
ducted with various antibiotics under 
different conditions. 

The antibiotic feed supplements on 
the market generally supply not only an 
antibiotic or a mixture of antibiotics, but 
also vitamin B 12 . These supplements are 
produced through the growth of micro- 
organisms that synthesize the antibiotic 
and also B-complex vitamins. 

At first such feed supplements were 
often called APF, or animal protein 
factor, supplements. Now a supplement 
used for its antibiotic activity is called 
an antibiotic feed supplement . A supple- 
ment supplying both an antibiotic and vi- 
tamin B 12 is called an antibiotic-vitamin 


, supplement. 


A suitable antibiotic feed supple- 
ment will generally, but not always, in- 
crease appreciably the rate of gain of 
pigs, of chicks, broilers, and poults, and 
of dairy calves during the first 2 or 3 
months of age. In most such cases the 
antibiotic will very slightly reduce the 
amount of feed required per pound of 
gain. 

The antibiotics most commonly used 
thus far as feed supplements are aureo- 
mycin (chlortetracycline), terramycin 
( oxy tetracycline ) , penicillin ( a stabi- 
lized form), and bacitracin. Certain 
other antibiotics are much less effective 
growth stimulants or have no such effect. 

Several extensive reviews have been 
published, which summarize the results 
of the many experiments with antibiotic 
feed supplements for the various classes 
of farm animals. 178 Only a very brief 
summary can be given here of the data. 
Further information on antibiotic feed 


supplements is given in the chapters * I 
dealing with the feeding of each kind 
of stock. " 

The causes of the growth-stimulat- 
ing effect of certain antibiotics are not M 
entirely known. It is believed that an im- * 
portant effect is a reduction in the num- 
ber of detrimental bacteria in the diges- * 
tive tract, especially under insanitary 
conditions of housing and management 
Supporting this view are English ex- 
periments in which chicks placed in iso- 
lation boxes immediately after being 
hatched showed no response to a peni- 
cillin supplement. 179 On the other hand, ; 
when a small amount of intestinal cop^ 
tents of normally housed chicks 
mixed with the feed, penicillin gavt^a-^ ^ 
marked growth stimulation. Similarly, in * 
an experiment at Notre Dame'Univeiiy 
chicks raised under germ-free conditSns 
did not respond to an antibiotic supple- 
ment. ' 

It was found in these studies that 
the intestinal wall was thinner in the un- 
infected chicks or in the infected chicks .i 
fed the antibiotic than in chicks raised 
under normal conditions. This might in- 
crease the efficiency with which nutrients 
are absorbed. 

In certain recent experiments chicks 
kept under practical conditions have re- 
sponded much less, or not at all, to an 
antibiotic feed supplement, while in pre- 
vious years the growth stimulation on 
similar rations had been marked. 180 It is 
believed that this difference was due to 
the reduction in harmful bacteria brought 
about by the continued use of an anti- 
biotic supplement in the preceding years. 

An antibiotic feed supplement tends 
to increase appetite and feed consump- 
tion. It may also stimulate the pituitary 
gland, so that more growth hormone is 
produced. Possibly, an antibiotic supple- 
ment may increase the efficiency with 
which protein is utilized, or decrease the 
need for certain vitamins. Also, certain 
studies indicate that an antibiotic feed 
supplement may increase the assimila- 
tion of calcium. Experiments have shown 
that an antibiotic supplement does not 
generally increase the digestibility of a 
ration. 
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" A beneficial effect of an antibiotic- 
B 12 feed supplement may be due to the 
B 12 content as well as the effect of the 
antibiotic. 

^ 4 ^ In most of the experiments with 
Airy calves, especially those weaned 
mom milk at a very early age and fed a 
I milk substitute, a suitable antibiotic feed 
supplement has generally increased the 
gain during the first 2 or 3 months. How- 
ever, by the time the calves are 6 months 
old or older, there may be little or no 
. f difference in weight. In some trials the 
antibiotic has reduced trouble from 

* scours during the first few weeks. 

Jv • It has generally not been beneficial 
pa add an antibiotic or antibiotic-vitamin 

feed supplement to ordinary rations 

* for dairy cows, for dairy heifers over 4 

months of age, or for brood sows. 
Confe|cting results have been secured 
from antibiotic feed supplements with 
beef cattle and sheep. 

As is shown in Chapter XXXVI, the 
results have also differed in experiments 
where an antibiotic feed supplement has 
been added to rations for laying hens. 
The supplement often does not increase 
the egg production of hens fed a nutri- 
tionally complete ration which are laying 
at a high level, but may be beneficial at 
a lower level of production or with a 
poorer ration. 

An antibiotic-vitamin B 12 feed sup- 
plement is now included in a large pro- 
portion of the commercial mixed feeds, 
or “formula” feeds, for chicks and 
broilers, for growing and fattening pigs, 
and for young dairy calves (especially in 
milk replacers). The amount of such a 
supplement to be added to a feed mix- 
ture is so small (usually only 10 lbs. or 
less per ton) that it is difficult to mix it 
thoroughly by hand. 

Many different antibiotics have 
been discovered, and several different 
antibiotic feed supplements are on the 
market. The effectiveness of various anti- 
biotics apparently differs widely, and 
some produce no increase in growth. The 
reputation of the feed manufacturer for 
producing feeds of high quality and effi- 
ciency is therefore the best guide in pur- 


chasing formula feeds containing an anti- 
biotic feed supplement. 

967. Arsonic supplements; surfac- 
tants. — In a few experiments certain 
arsonic compounds (including arsanilic 
acid and other derivatives of arsonic 
acid), when added to a good ration, have 
generally, but not always, had an effect 
upon chicks and poults somewhat similar 
to that of an antibiotic. In certain trials 
an arsonic supplement has even stimu- 
lated growth when added to a ration con- 
taining an effective antibiotic. There is 
as yet but little experimental data con- 
cerning the effect of an arsonic supple- 
ment on laying hens. 

Data are yet too limited to show 
definitely whether there will be an ap- 
preciable advantage for healthy young 
pigs from adding an arsonic supplement 
to a good ration that contains an effec- 
tive antibiotic. In herds where there has 
been much trouble from dysentery in 
young pigs, an arsonic supplement may 
reduce the trouble. 

The data concerning the effect of an 
arsonic supplement on young dairy calves 
are yet too limited to warrant conclusions. 
In Illinois experiments with fattening 
lambs it was concluded that 3 arsonic 
supplements tested were not bene- 
ficial . 181 

If an arsonic supplement is used, 
care must be taken so that safe levels are 
not exceeded. Experiments have shown, 
when properly fed, meat does not con- 
tain as much arsenic as permitted under 
regulations. As a precaution, the law 
requires that feeds containing such com- 
pounds must not be fed for at least 5 
days before slaughter for human food. 

Further information on arsonic sup- 
plements for pigs, poultry, and dairy 
calves is given in the chapters dealing 
with these classes of stock. 

Much interest has been shown in 
the addition of certain surfactants (sur- 
face active agents) to feeds. In most of 
the experiments so far conducted, mostly 
with chicks and young pigs, little effect 
has been noted. 

Tests with a new “chemobiotic * (tet- 
ra alkylammonium stearate) have given 
variable responses when added to rations 
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of ruminants and pigs. No apparent bene- 
fit was obtained in tests at Purdue or 
Iowa while Montana and Washington 
have reported increases in gain and feed 
efficiency from its use in beef cattle ra- 
tions. Further information about surfac- 
tants is given in the chapters dealing 
with the feeding of swine, poultry, and 
dairy calves. 

968. Complex mineral or vitamin 
mixtures; enzyme preparations; stock 
tonics. — Many complex mineral mixtures 
for stock feeding are extensively adver- 
tised, as are also preparations including 
both minerals and vitamins. Some of 
the mineral mixtures are honest efforts 
to supply at a reasonable price the min- 
erals which may be lacking in certain ra- 
tions. Extravagant claims are made for 
others, or they are sold at excessively 
high prices or are even of poor quality. 

Many commercial mineral mixtures 
are high in calcium and rather low in 
phosphorus. This is because ground lime- 
stone or another calcium supplement is 
so much cheaper than a safe phosphorus 
supplement. Such a mineral mixture is 
generally very uneconomical and may 
even be detrimental where the animals 
already have plenty of calcium but lack 
phosphorus. 

It has been pointed out in Chapter 
VI that simple mineral mixtures, such as 
are there recommended, will produce just 
as good results as complex mixtures that 
contain a large number of ingredients. 

( 187 ) One cannot therefore afford to pay 
much more for a commercial mineral 
mixture than it would cost to make up a 
suitable mixture on the farm. 

The vitamin requirements of farm 
animals have been considered in detail 
in Chapter VII. It has there been shown 
that, for all livestock except poultry, an 
ample supply of the necessary vitamins 
can generally be provided in rations 
made up of common feeds, without the 
use of special vitamin supplements. 
There is usually no benefit from adding 
yeast to ordinary rations, except in the 
case of poultry or swine fed rations de- 
ficient in B-complex vitamins. (210) 

In spite of claims that are some- 
times made to the contrary, there is no 


scientific evidence that any mineral mix- c 
ture or vitamin supplement will prevent - ^ 
or cure Bang s disease (contagious abor- % 
tion) in cattle. This disease must be 
clearly distinguished from the rare cases 
of abortion that may be produced > 

serious lack of vitamins or minerals. i ^ n " ^ 
Sometimes claims are made that cer- ' 
tain enzyme preparations will greatly ffn- 
prove livestock rations. The author knows # 
of no scientific evidence that such prepa- 
rations improve ordinary rations./- It has 
been shown in Chapter IV that methods- 
which have been exploited for ferment- 
ing, malting, or pre-digesting feeds do 
not cause any saving of feed or result ' 
greater production. (94) 

In spite of the advice of the exper4^i^ 
ment stations to the contrary, some fanjp v% ( ¥/- 
ers still spend money for various prod- ^ ‘ 
ucts called “stock tonics,” etc. Tests^f 
many stock tonics by the experimeiy'pla- 
tions show clearly that there is generally , 
no advantage in their use. Farm amtftals 
managed with reasonable care hav&f%p- ,, 
petites which do not need stimulating. J 
Sick animals or those out of conditiia ' j 
should receive specific treatment ratfe y 
than be given some cure-all. 

The testimonials which the stock- 
tonic companies advertise are readily ex- 
plained. The stock tonics are usually ac- 
companied by directions which advocate 
liberal feeding and good care for the ani- 
mals to be fed, in order to “secure the 
benefits from the tonic.” The farmer 
therefore feeds and cares for his stock 
better than ever before and secures bet- 
ter results, due not to the tonic but to 
following the directions which accom- 
panied it. Rather than purchase advice 
with costly tonics, the wise feeder will 
secure it in standard agricultural papers 
and books, or from the experiment sta- 
tions and the United States Department 
of Agriculture. 

VI. Miscellaneous Concentrates 
and Other Products 

969. Apples and other fruits. — Windfall 
and surplus apples and other fruit can 
sometimes be fed advantageously to stock. 

Apples, peaches, plums, and even pears 
contain somewhat more dry matter than do 
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such roots as mangels and rutabagas. The 
chief nutrients are sugars, and fruits are 
extremely low in protein. 

In a Virginia experiment in which dairy 
H cows were fed 36 lbs. of apples per head 
m addition to hay and concentrates, 
WRT Jjjpwas concluded that a pound of dry matter 
i§l hi the apples was nearly equal to a pound 
of /dry matter in corn silage and slightly 
superior to a pound in hay. 182 On this basis 
*7 apples would be worth about 60 per cent as 
much: per ton as corn silage. If cows have 
access tfo all the apples they can eat, as in 
jin orchard where there are many on the 
Aground, serious digestive disturbance may 
result. 

* Iir Washington tests good results were 

flMSained when fattening lambs were fed 0.9 
J0&|£] t 5 lbs. of apples per head daily in addi- 

to hay and grain. 1S3 Thus fed, apples 
even equal to corn silage in value per 
i ton. When larger amounts of apples were 
ftf$jv£he results were less satisfactory, 
"m^od silage can be made by chopping 
* a mixture of about 80 per cent by weight 
of apples and 20 per cent of alfalfa or other 
go<m ; hay, or else 60 per cent of apples and 
^ 40.J|er cent of wilted green hay crop. The 

L\ losi by drainage is excessive if apples are 
|\ ensiled alone. Apple-alfalfa silage was about 
' * equal to sunflower silage for dairy cows in 

Washington tests. 184 Silage can be made 
similarly from apple and pear cores and 
peelings. 185 

In California tests cows readily ate 20 
to 30 lbs. of peaches a day. Only a few of 
the pits were swallowed. 186 Pears were not 
quite so palatable. When cows were fed 
more than about 15 lbs. of fresh prunes a 
day, scouring resulted. Smaller amounts were 
satisfactory. Cows could be allowed all the 
fresh grapes they would eat. None of these 
fruits injured milk flavor. Dried fruits of 
these kinds were also satisfactory in suitable 
amounts. 

When apples replaced part of the grain 
for pigs in Utah trials, it required 9 to 15 
lbs. of apples to equal 1 lb. of grain. 187 

In Florida trials fattening cattle made 
good gains when fed fresh grapefruit with 
hay, cottonseed meal, and 2 lbs. of corn a 
day. 1 88 Well-grown cattle can eat whole 
grapefruit, but for young animals it is best 
to quarter or slice the fruit. In another 
Florida test oranges were less satisfactory 
for fattening cattle, unless they had been 
grated to remove the outside of the peel. 189 
Pigs made good gains on tangerines when 
fed an efficient protein supplement, and still 
better gains when also fed some corn. 100 


A ration of ripe olives and alfalfa pro- 
duced satisfactory gains on lambs in an 
Arizona test. 1 91 

Chopped pineapple tops, or crowns, 
which form about 7 per cent of the weight 
of the fresh fruit, were palatable and about 
equal to green Napier grass as the only 
roughage for dairy cows or dairy heifers in 
Hawaiian experiments. 192 The cows ate 60 
lbs. or more of the tops per head daily. 

In a Guatemala trial ripe bananas, in- 
cluding the skins, were a satisfactory and 
economical feed *for growing and fattening 
pigs, when as much as 2 lbs. of bananas 
was fed with each pound of a high-protein 
concentrate mixture. 193 

In Hawaiian trials bananas and avo- 
cados were economical supplemental feeds 
for laying hens, but the feeding of papaya 
over a long period of time produced detri- 
mental results. 194 

970. Apple pomace; apple pectin pulp. 
— Wet apple pomace is the by-product when 
the juice is expressed from apples for cider 
or vinegar. It may be fed fresh, it may be 
ensiled, and it is sometimes dried to make 
dried apple pomace. 

Wet apple pomace and apple pomace 
silage have about 21 per cent dry matter, in 
comparison with 27 per cent for silage from 
well-matured corn, and they are very low in 
protein. Though apple pomace silage is 
slightly lower in total digestible nutrients 
than average corn silage, it has proven about 
equal to corn silage in value per ton for 
dairy cows. 195 It should be fed after milk- 
ing, to avoid tainting the milk. Unless stray 
box nails are removed from the apples or 
pomace at the mill, there may occasionally 
be injury to cattle from this source. 

Dried apple pomace has given satis- 
factory results when used like dried beet 
pulp in dairy rations, and has been worth 
75 per cent as much per ton as dried beet 
pulp or even more. 196 Fed as one-third the 
concentrates to fattening cattle in a Wash- 
ington trial, dried apple pomace produced 
slightly less rapid gains than did dried mo- 
lasses-beet pulp. 197 Because more protein 
supplement was needed with it, the apple 
pomace was worth only 57 per cent as 
much as the dried molasses-beet pulp. 

Apple-pectin pulp is the residue left 
when the pectin is extracted from apple 
pomace for jelly making. Dried apple-pectin 
pulp was not as palatable to dairy cows as 
dried beet pulp in a test by the United 
States Department of Agriculture, when 
both were fed after soaking with water. 198 
This difficulty can be avoided by mixing 
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the apple-pectin pulp with well-liked con- 
centrates. 

971. Bakery waste. — Sometimes stale 
bread or other bakery waste can be secured 
at a price that makes it an economical stock 
feed. Such waste can be used in place of 
part of the grain usually fed. Since bread 
usually contains over 30 per cent water, 
its feeding value is only about three-fourths 
that of corn or other grain. 

Kiln-dried bakery waste is similar to 
grain in composition, except that it is lower 
in fiber and may be higher in fat. In Penn- 
sylvania trials kiln-dried stale bread, fed after 
being moistened with water, was about 
equal to corn for pigs on pasture, but was 
constipating unless fed with some laxative 
feed. 199 Stale crackers were somewhat less 
valuable. 

972. Cassava meal.- — This by-product, 
also called tapioca meal, manihot meal or 
manioc meal, is produced in the manufacture 
of starch from the roots of the tropical 
cassava. It is rich in nitrogen-free extract 
and low in fiber, but is unusually low in 
protein and fat. It may be used as a sub- 
stitute for part of the grain in feeding dairy 
cows and other stock, being approximately 
equal to grain in value, except for its low- 
ness in protein. 200 In German trials it was 
concluded that not more than 10 per cent 
should be included in a ration for chicks, 
or the feed consumption would be de- 
creased. 201 

973. Chicken litter. — Because ruminants 
can use non-protein nitrogen as a partial 
substitute for protein, experiments have re- 
cently been conducted at the Arkansas 
Station to find whether chicken litter, in- 
cluding the manure, could be used as a 
substitute for ordinary protein supplements 
in feeding beef cattle and sheep. 202 The 
dry chicken litter had an average of 4.6 
per cent nitrogen, equivalent to 28.8 per 
cent crude protein. About one-fifth of the 
nitrogen was uric acid, which is the chief 
nitrogenous waste product in the case of 
birds. 

In a test with ewes during gestation 
and lactation, the results were satisfactory 
when 23 per cent of dry chicken litter was 
included in the concentrate mixture, re- 
placing soybean oil meal. In a trial with 
fattening lambs, 23 or 42 per cent of dry 
chicken fitter was included in a pelleted 
mixture having 10 per cent of cane molasses. 
The gains were nearly as good as on a 
ration with cottonseed meal as the protein 
supplement. On the basis of feed required 
per 100 lbs. gain, 100 lbs. of chicken litter 


was equal to 63 lbs. other concentrates minus 
15 lbs. hay. 

Differing from these results, in a trial 
with fattening steers, the gain was decidedly 
less on a mixture containing 25 per it « 
dried chicken litter than on the check~JsL$*-*~ 
centrate mixture, unless considerably nVi" / 
feed was given the steers fed chicken fitter. , 
On the basis of the feed required per 100 
lbs. gain, 100 lbs. of chicken litter replaced 
only 9.2 lbs. other concentrates nfiinus 28.8 
lbs. hay. 

974. Citrus pulp and other citrus by- 
products. — Citrus pulp is a by-product <s£, 
citrus-canning factories, which make citrus* 
fruit juices, canned fruit, and other products. 

It consists of the peel, the residue of th * 
inside portion, usually including the seed&£ i 
and occasional cull fruits, with or withg^jj* \ 
the extraction of part of the oil of the pJpl^jf 
for flavoring extracts. Certain factories re- 
move the seeds, which are processed for^pil 
production, with citrus seed meal as 
product. Citrus pulp is generally drim and 

f round, and sold as dried citrus palp. The 
ner particles may be separated and mar- 
keted as citrus meal , usually at a slightly 
lower price. 

Dried citrus pidp and molasses is also 
made, usually containing 10 to 33 per cent 
of citrus or cane molasses. 

Before drying the pulp, lime is added to 
free water which is chemically bound to 
constituents of the pulp. Then ’the pulp is 
pressed to remove as much of the juice as 
possible. This may be condensed by evap- 
oration to form citrus molasses. 

Dried citrus pulp somewhat resembles 
dried beet pulp in composition and nature. 

It is a little higher in total digestible nu- 
trients, having 74.9 per cent, but is very low 
in digestible protein, with only 2.7 per cent. 
Because of the lime added in the drying 
process, it has 2.04 per cent calcium, but 
the phosphorus content is only 0.15 per cent. 

Dried citrus pulp is made chiefly from 
grapefruit or orange residue, but in some 
districts may contain lemon residue. There 
is not much difference in the composition 
or value of pulp from the various kinds of 
citrus fruits, except that lemon pulp is less 
palatable. 

Dried citrus pulp is fed chiefly to dairy 
cattle and is a satisfactory substitute for 
dried beet pulp. In 3 Florida experiments it 
was about equal to dried beet pulp for dairy 
cows when forming as much as 40 per cent 
of the concentrate mixture, 203 In other tests 
it was not considered quite equal to dried 
beet pulp for milk production. 204 In 5 Texas 
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trials with dairy cows, dried citrus pulp was 
T nearly equal to corn-and-cob meal (not in- 
cluding husks), when forming half of the 
concentrate mixture. 205 In an Arizona test 
tip dried grapefruit pulp increased the milk 
MM^Hiction of dairy cows .that had declined 
W^l^tnilk yield when fed only alfalfa hay. 200 

Though citrus pulp is less palatable than 

- dried beet pulp, there is generally no diffi- 
culty in getting cows to eat a concentrate 

: mixture containing it. If a mixture with a 

large percentage of citrus pulp is to be fed, 
,it is well to increase the proportion grad- 
ually. In most of the tests the flavor of the 
* milk has not been affected by dried citrus 
pulp. 207 

- m In Arizona trials dried grapefruit pulp 
;f}was a satisfactory substitute for other con- 

jr Centra tes for dairy heifers fed alfalfa hay 
▼ of on pasture. 208 

Dried citrus pulp is a good substitute 
f >r part of the grain in rations for fattening 
■ckiCfe In Arizona trials it was equal to rolled 
barleyi when replacing half of the grain. 200 

Used as a partial substitute for grain in 
fattening cattle, dried citrus pulp was equal 
to ground snapped corn, including the husks, 
in Florida and Texas trials. 210 In the Texas 
tests the ration tended to be too laxative 
when it formed one-half of the concen- 
trate mixture. For steers on excellent pasture, 
dried citrus pulp was satisfactory as the only 
concentrate in Florida trials, being worth 
more than cane molasses. 211 

Dried citrus pulp is not suited for use 
as any important part of a ration for 
swine 2X2 or poultry. 213 In a Florida trial 
5 per cent of dried citrus meal, (the finer 
particles ) could be satisfactorily fed to 
pigs. 214 

Dairy or beef cattle eat fresh citrus pulp 
readily after they become used to it. The 
pulp may also be ensiled, preferably with 
chopped "hay or fodder, as it is very high in 
water. When ensiled in trench silos, the 
shrinkage in weight of pulp was 21 to 43 
per cent in Florida and Arizona tests. 215 In 
the Arizona trials fattening cattle would not 
eat as much grapefruit-pulp silage as of 
hegari sorghum silage. Considering the 
shrinkage of the grapefruit-pulp silage, it 
was not considered economical, unless the 
cost of the pulp at the silo was less than 30 
per cent of the cost of hegari silage. 

Citrus molasses , made from the juice 
pressed from citrus waste at canning fac- 
tories, contains nearly as much sugar as 
does cane molasses. Although it has a very 
bitter after taste to humans, it is consumed 
readily by cattle and may be fed them 


much like cane molasses. As much as 6 lbs. 
a day has been fed satisfactorily to fatten- 
ing cattle to replace part of the grain, and it 
has even been fairly satisfactory as the only 
concentrate for fattening cattle on excellent 
pasture. 216 When replacing not more than 
half the grain for fattening cattle citrus mo- 
lasses has been nearly equal to ground 
snapped corn, including the husks, and 
worth slightly less than ground milo. 

In Florida trials pigs did not at first like 
concentrate mixtures containing citrus mo- 
lasses, but after a week ate mixtures con- 
taining as much as 30 to 40 per cent of the 
molasses. 217 Fed as 10 per cent of the ration, 
the molasses was worth 91 per cent as much 
as corn. The value decreased if the propor- 
tion of molasses became larger. Citrus mo- 
lasses is not liked by horses and mules. 

Ten per cent of citrus molasses in a 
ration for chicks was satisfactory in one 
Florida trial, but not in another. 218 

Citrus seed meal , the by-product in 
processing hulled citrus seed for oil is rich 
in protein, having over 30 per cent. Florida 
tests show that it is a satisfactory protein 
supplement for cattle, but that it is poisonous 
to poultry and does not give good results 
when used in swine rations. 219 When used 
as the protein supplement for fattening 
cattle, citrus seed meal containing 35 per 
cent protein was fully equal to cottonseed 
meal of low grade, having 36 per cent pro- 
tein. 

975. Garbage; processed garbage.— In 
the vicinity of some cities, garbage is used 
extensively for swine feeding. Generally the 
garbage is fed by contractors who purchase 
the collected garbage from the cities or 
else collect it themselves under rigid rules. 
To prevent the spread of disease, the cook- 
ing or sterilization of garbage is now re- 
quired by law in practically all our states. 

Garbage varies greatly in composition 
and feeding value, but on an average and 
allowing for normal losses of hogs by death, 
a ton of city garbage may be expected to 
produce 35 to 40 lbs. of marketable live 
weight of hog, deducting the pork made 
from any feed supplied in addition to the 
garbage. 220 Garbage of excellent quality, 
such as that from large hotels and restau- 
rants, may be worth twice as much, or even 
more. In prosperous times city garbage has 
a considerably higher feeding value than 
during a depression. The garbage on farms 
can be well utilized by feeding it to swine 
or poultry. 

Very often, swine are not fed grain or 
other feeds in addition to garbage at gar- 
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bage-feeding plants, because garbage is so 
much cheaper. To prevent rickets, it may 
be necessary to feed some field-cured alfalfa 
hay or a vitamin D supplement. 

Hogs fattened exclusively on garbage 
shrink rather more than grain-fed hogs on 
shipment to market, have a slightly Tower 
dressing percentage, and may yield pork 
that is somewhat soft. It is also of interest 
that the lean meat of garbage-fed hogs is 
lower in thiamine content than that from 
grain-fed hogs. 

Sometimes city garbage is processed and 
dried to produce processed garbage and to 
recover some of the fat for industrial uses. 
This product, also called “garbage tankage” 
or “table scrap meal,” is much different from 
digester tankage or meat scrap, as it has only 
17 to 23 per cent protein. 

Processed garbage is not a satisfactory 
substitute for fresh garbage, apparently be- 
cause of unpalatability. 221 It can be used to 
replace part of the tankage or fish meal in 
swine rations, but does not give good re- 
sults when used as the only protein supple- 
ment for young pigs, even when they are 
on good pasture. 222 Processed garbage was 
not satisfactory as the only protein supple- 
ment for fattening lambs in Indiana tests, 
but the results were fair when equal parts 
of digester tankage and garbage tankage 
were used. 223 In Hawaiian tests dairy cows 
ate a mixture containing 25 per cent proc- 
essed garbage satisfactorily, and chicks grew 
well when 20 to 30 per cent of processed 
garbage was included in a ration that also 
contained better protein supplements. 224 

976. Incubator waste eggs. — Incubator 
waste, consisting of infertile eggs and eggs 
that fail to produce live chicks, can be used 
for feeding swine and poultry. In Delaware 
and New York tests pigs gained satisfac- 
torily on waste incubator eggs and corn. 225 
On the average, 100 lbs. of the eggs re- 
placed 17 lbs. corn and 21 lbs. of '"a trio- 
type protein supplement. 

A considerable amount of raw egg 
white in the ration produces a nutritional 
deficiency disease in some animals, includ- 
ing pigs. This is because a compound in the 
raw egg white makes biotin (one of the B- 
complex vitamins) unavailable. 226 This com- 
pound is destroyed by cooking. However, in 
the Delaware and New York tests, there was 
no such trouble when pigs were fed raw 
incubator waste eggs. 

Experiments have shown that incubator 
waste that has either been boiled and run 
through a food chopper or been dried, is a ; 
good addition to a ration for chicks. 227 The < 


incubator waste should be heated high y f j 
enough to kill any disease germs. 

977. Kelp; other seaweed. — Dried kelp j 
and also proprietary mixtures consisting S' 
chiefly of dried kelp, or kelp meal, are sold -yi 
as supplements for livestock. Dried < lcelp,^*^| 
or kelp meal, is prepared from giant "Sea- f# 
weeds, called kelp. It contains over 30 per 
cent of mineral matter, including 0.15 to '• 
0.20 per cent of iodine and also various^ ' 
other minerals. v ^ 

Several experiments have been con- 7 
ducted by various experiment stations to find 
whether or not there is a benefit from add-^ 
ing kelp to the usual type of well-balancec\ 
rations for various classes of livestock. 228 


Similar experiments have been conducted^ * 
with Manamar. a nrnnrietarv r m'xhirp onnsishA 




with Manamar, a proprietary mixture consist^, 
ing chiefly of dried kelp and fish meal. 2 jftt^ 
After considering the results oi^th^se'jfpK 
various tests, it is the opinion of the author r 
that it has not been proved in scientific # in- ^ 

vestigations by the experiment statidn^^at " 

rations containing kelp will generaljff pro- 
duce results that are superior to those that - 
can be obtained on rations that contain no 
kelp, which have no lack of iodine or the i 
other essential minerals, and which provide 
sufficient protein and protein of proper 
quality. 

In the coastal areas of some countries 
other kinds of seaweed are sometimes used 
as a partial substitute for other roughage, 
especially for cattle or sheep. Also, some 
dried seaweed meal is made from certain 
species of seaweed. In an English test, when 
used as 10 per cent of the concentrate 
mixture for dairy cows, seaweed meal was 
of low palatability and was rated as having 
a value equal only to a mixture of 7 parts 
of oat feed (oat-mill by-product) and 1 
part of common salt. 230 In a Canadian ex- 
periment the addition of 2 to 6 per cent of 
dried seaweed meal to a ration for bacon 
pigs did not increase the gain or improve 
the carcass quality, 231 In another Canadian 
trial dried seaweed meals from two species 
of seaweed were poorly digested by hens. 232 

978. Olive pulp. — Olive pulp, the by- 
product in expressing oil from olives, has "a 
very low feeding value if it contains the pits. 


for they form about 40 per cent of such pulp. 
In an Italian test olive pulp was worth only 
one-third as much as corn when it formed 
30 per cent of the concentrate mixture for 
dairy cows. 233 In California trials including 
20 to 23 per cent of ground dried olive 
pulp, including the pits, in a ration for pigs 
reduced the gains and it took 4 lbs, of the 
olive pulp to equal 1 lb. of other feed. 234 No 
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J.- better results were secured with olive pulp 
if. without pits. 

979. Pear by-products . — Dried pear 
^ pomace, containing 13 per cent fiber, was 
^ equal to dried beet pulp for dairy cows in 

P an 'Oregon trial when forming one-quarter 
of the concentrate mixture. 235 In a California 
- trial with fattening steers dried pear pulp 
containing 31 per cent fiber, was worth only 
#70 to 75 per cent as much as dried molasses- 
beet pulp, when fed as one-quarter of the 
concentrate mixture. 236 

In this experiment pear molasses, fed 
at the same level, was fully equal to cane 
l nolasses. 

* In a Washington trial silage made from 
gjg|mixture of 3 to 4 parts of pear waste and 
' part pasture clippings was a fair substitute 
grass silage in feeding dairy cows, but it 
NSurnisWed considerably less digestible nu- 
trients. 237 

980. Pineapple bran, or pulp. — Pine- 
appi^toan, or pulp, is a by-product from 
the caching of pineapples. It consists princi- 
pally of the outer shells and usually the 
cores. Pineapple bran is occasionally fed wet, 
but is usually dried, molasses sometimes 
being added. 

Pineapple bran resembles dried beet 
ppjff in composition, except that it contains 
very little protein and this is poorly di- 
gested. Also, the content of total digestible 
nutrients is slightly lower than in dried beet 
pulp. 

Pineapple bran is a popular dairy feed 
in Hawaii and considerable amounts are 
shipped to the Pacific Coast states. In 
Hawaiian experiments good results were se- 
cured when it formed one-third to two-thirds 
of the concentrate mixture for dairy cows. 238 
It was also satisfactory for work mules when 
forming half of the concentrates, and for 
pigs when used as 30 to 50 per cent of the 
concentrates. Sometimes pineapple bran is 
soaked before feeding and used as a sub- 
stitute for silage in dairy rations. The wet 
or dry pineapple bran has also given good 
results when fed to fattening cattle in 
Hawaii. 

981. Potato meal; potato pulp. — Cull or 
surplus potatoes can be dehydrated, or dried, 
to make potato meal. This is a satisfactory 
substitute for grain in feeding cattle or 
sheep, and if the potatoes are heated suffi- 
ciently in the drying process to cook them 
thoroughly, a limited amount of potato 
meal can be used in swine or poultry rations. 
It must be remembered that potatoes are 
low in protein and deficient in carotene 


and calcium. These lacks must be made good 
by other feeds. 

Potato meal has been equal to grain 
when forming 20 to 25 per cent of the con- 
centrate mixture for dairy cows. 239 In an 
English test it was satisfactory when it was 
fed as 61 per cent of the mixture, with oil 
cake making up the remainder. 240 It was also 
equal to grain as a substitute for part of it in 
Arizona, Colorado, and Nebraska trials with 
fattening cattle or lambs, but in an Idaho 
test air-dried potatoes did not give good 
results with fattening lambs. 241 



Dehydrated Potatoes 

Dehydrated potatoes, or potato meal, 
can be substituted for part of the grain in 
feeding livestock. (From Connell, Colorado 
Station. ) 

The results with potato meal for swine 
and poultry have differed greatly, probably 
depending on how much the potatoes were 
heated in the drying process. 242 In some 
tests the results were good when potato 
meal formed 10 per cent of the ration for 
young pigs, 30 per cent for older pigs, and 
10 to 20 per cent for poultry. In other trials 
potato meal has been unsatisfactory for pigs 
or chickens. 

Dried potato pulp, or potato pomace, 
is the by-product in starch production from 
potatoes. It is slightly higher than potato 
meal in total digestible nutrients, but is low 
in protein. If lime is added in the drying 
process, the calcium content will be high. 

In Maine trials dried potato pulp was 
palatable to dairy cows and was nearly equal 
to hominy feed when forming 20 per cent 
of the concentrate mixture. 243 It was un- 
satisfactory for chicks or growing chickens 
in Maine tests, even when only 5 to 10 per 
cent was included in the ration. 244 

982. Raisins and other dried fruits; 
grape pomace . — Cull raisins may be fed to 



were wff Substitute for gnrfn. They 
were worth 82 per cent as much as barley 

third Se bX ° ne - 

laxnbs “s pf„ 7 a ra ? lon for fattening 
gates whe n P gS n a S °- PTOd V Ced satisfactory 
hah the ! ralS “ S re pfaced up to one- 
,® § ram m a ration, but the value of 

oteerSo^ ^ than f ° r Iambs - In an- 
other California trial raisins were fully eoual 

forming as much as^per 

r l le , ratlon for growing turkeys.^ P 

rari c- m apples - P ears ° r Prunes 
can similarly be used for feeding. 247 ' 

Raisin pulp, a by-product in the pro- 
duction of seeded raisins or in the manu- 
acture of syrup from raisins, is of much 

onsTsts^st CUlI / aisin J S > for ™-h of it 
consists of stems and seeds. For fattening 

S'barlevte'rTf 11 0nly 59 per Cent as 
parS t6StS ’ When re P Ia -g 

refuse^irT^ 1 R omaC j’ 01 winery pomace, the 
etuse m the production of grape juice or 

S “s chiefly of the Jp? se'eds and 
skins. It is of such low value, even when 

faTln’c Vf 14 sh °j lcl not be used for feed- 
" g ; jn California digestion trials it supplied 

S* digestible nutrients than straw, and in a 
New York test it had no value whatsoever j 

a ratten>« " part of the § rain “ j 

982a. Sewage sludge.—The dried resi- 
due from septic-tank disposal of sewage is f 

tni f0r / e ,o iliZer - 11 has nitrogen equfrffete a 
to about 30 per cent of protein, much of n 
which is non-protein nitrogen. It is very h 
™g b “ mmera! matter, having about 40 per u 

wTs fo" ffTf I [ lin0 ' S studies with steers P it 
was found that tliey would readily eat 1 lb. d 

per head daily of dried sewage sludge when gi 
it was mixed with palatable feeds, but with di 
theftr fatte ? ln # steers ‘he palatability of te 
sewage , 1 ? T d the , ga “f were reduced when wl 
oil m S eal P o ge ^ a ° Cd part ° f the so y bean § r 
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The nitrogen of the sludge was less 
digestible and not utilized so well as that in 
soybean oil meal. Some manner in which 
this material can be successfully used for 

studied IUmimnts ma y be found in further 

In Illinois tests with baby pigs fed a 
purified synthetic milk, 4 to 5 It cent 0 { 

mnte to 1Vated f SeWage Sludge was an ade- 
quate source of vitamin B 12 . A larger per- 

grotth e 25° f r n the SeW f ge slud 8 e decreased 
growth.-^ In a similar test with chicks 2 
or 10 per cent of sewage sludge was a 

SE 1S OSa° r e Vltamin Bl - supplement. 

983. Sweet potato meal.— In the south- 


fhey ern states many experiments have been con- 
vey ducted to determine the value of sweet 
one- potato meal, or dried sweet potatoes for 
nmg stock feeding. This is because sweet potatoes 
tory yield more dry matter and a greater feeding 

me- va l U e per acre there than does com or- any . 

' „ other cereaI - However, the cost per acre of 

an- growing sweet potatoes is considerably 
[ual higher than for com, because of the large ’ 
per amount of labor required, and the cost of 
dehydrating them is rather high. 
heS Sweet potato meal is usually made from 

cull or surplus sweet potatoes. The sweet 

m P w° e wtf 6 US t UaUy , drfed at d^ydrating 
m plants. Where the climate is suitable, they, 

I can be dned outdoors by spreading theni f 
* after being shredded or sliced in a machine; 
n p u P on a suitable hard surface.^ 1 

a Sweet P ot ato meal is even, richer thiniS 

8 an? if r° gen ; f r e eXtfaCt ’('chiefly starch) 
be 1, ° W ln . fiber - ft is therefore nearly 
or • 1° “ TO , m con tent of total digestible 

id dum 16 o 3 l Xt % V6ry l0W in P rote hte,caI- 
Jd cium, and phosphorus. Care must betaken 

t is° feT-f th f 6 kcks when a ] arge allAvance 
i is fed. Sweet potato meal is fully as rich as 
d well-cured alfalfa hay in carotene) if made 

■r Va ?7 Witb P° d yellow.* color, if 

« vit d ar ( ge y from Peehngs or trimmings, the 
iowef. ° f SW6et P ° tat0 meal is d^dedly 

- Sweet potato meal is a good substitute 

s for gram m feeding dairy cattle, beef cattle 
t and sheep. It is not liked well by horses or 

; a e Tt best i not fonn mor ® than one - 

f ? f , the concentrate mixture. It is least 
■ useful for swine or poultry. 

d,mir; eraI cx Penments' have been con- 

eround corn 0 ” 150 ?! SW6et . P ° tato meal with 
drite rirh f ,. otle . r £ rain as a carbohy- 

te hoff 01 dair -i C0WS - M3 fn some 
tests it has been equal to ground corn 

when replacing a considerable® part^ of ^ the 

gram in a concentrate mixture. In other trials 

to" 95 nl eet p ° tatoes have been worth 88 
n c f i - P t r ? ent as touch as com. Because 
of their high carotene content, dried sweet 
potatoes increase the vitamin A value and 
the yellow color of milk. In most of the ex- 
Per ™ e f s swe f Potato meal has been equal 
30 nr ^ e f ua to ootn when forming up to 
vaLrf 06111 0f *e concentrate lixtL 
, vaIu . e has usually h een somewhat less 
when it has replaced all the com of ot£r 

for Z h f n re P lac ™g not over half the grain 
for fattening cattle sweet potato meal has 
generally been worth 95 to 100 per cent 
as much as com, but may have P a Wr 
value when it replaces all the grate, as If 
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is less palatable than grain and is somewhat 
laxative. 354 In Georgia trials dried sweet 
potatoes were an excellent concentrate for 
^wintering pregnant ewes, as the ewes thus 
'“^-fed tended to produce more milk after 
lambing. 255 

The results have differed greatly in 
experiments in which dried sweet potatoes 
have been fed to swine. 256 Fairly good re- 

f suits are usually secured when dried sweet 
potatoes replace not more than one-fourth 
the grain. When a larger proportion is fed, 
| the gains of pigs have often been very poor. 
I Similarly, the results have differed decidedly 
• when dried sweet potatoes have been used 
in poultry rations. 257 It therefore seems best 
"'^buse them for. other classes of stock. 

$ 984. Tomato pomace. — Dried tomato 

^ f pemace is a dried mixture of tomato skins, 
w ' * pulp, an d crushed seeds resulting from the 
manufacture of tomato juice or catsup. It 
has 22.9 per cent protein and 15.0 per cent 
fat, , ut is high in fiber, having 30.2 per 
cent, jomato pomace is high in thiamine, is 
fair in ■, riboflavin, and has considerable 
carotene. 1 It is used chiefly in special feeds, 
such as dog foods. 

In Delaware tests dried tomato pomace 
was satisfactory for dairy cows when forming 
15 per cent of the concentrate mixture, and 
wet tomato pomace was a good addition to 
a ration for pigs. 258 

QUESTIONS 

1. What is the composition of cow’s milk? 
To what extent is whole cow’s milk 
used in stock feeding? 

2. Compare the composition of skimmilk 
and whole milk. 

3. Why should dairy by-products be 
pasteurized at the dairy plant before 
being brought back to the farm? 

4, Compare the composition of buttermilk 
and skimmilk. 

5. Discuss the use and value of skimmilk 
and buttermilk for swine. How should 
they be fed to have the greatest 
value? 

6. What is the approximate value of 100 
lbs. of skimmilk for swine in terms 
of tankage and corn? 

7. Discuss the use of skimmilk and butter- 
milk for poultry. 

8. Compare the composition of whey and 
skimmilk. 

9. Discuss the use of whey for: (a) Dairy 
calves; (b) swine; (c) poultry. 

10. Discuss the use of the following in stock 
feeding: (a) Dried skimmilk and 


dried buttermilk; (b) condensed 
buttermilk; (c) dried whey. 

11. Describe the two methods used in 

processing meat by-products. 

12. What is the approximate protein content 

of the most important grades of di- 
gester tankage and of meat scrap? 

13. What is rendering-plant tankage, or re- 

duction tankage? 

14. Discuss the use and value of tankage 

and meat scrap for: (a) Swine; (b) 
poultry; (c) dairy cattle; (d) beef 
cattle; (e) sheep; (f) horses. 

15. For what purpose is blood meal chiefly 

used in stock feeding? 

16. What is the composition of fish meal? 

What are the chief types of fish 
meal? 

17. Discuss the use and value of fish meal 

for: (a) Swine; (b) poultry; ..(c) 
other classes of stock. 

18. Are any other meat or fish by-products 

used for stock feeding in your region? 

19. Discuss the composition and nutritive 

value of: (a) Cane molasses; (b) 
beet molasses. 

20. Discuss the use and value of cane and 

beet molasses for: (a) Dairy cattle; 
(b) beef cattle; (c) sheep; (d) horses 
and mules; (e) swine; (f) poultry. 

21. Discuss the use and value of any of the 

following that are important in your 
region: (a) Dried beet pulp and dried 
molasses-beet pulp; (b) wet beet 
pulp; (c) molasses feeds; (d) alfalfa- 
molasses feeds. 

22. Compare the composition and value of 

corn distillers dried grains and rye 
distillers dried grains; of distillers 
dried grains with solubles and with- 
out solubles. 

23. Discuss the use and value of distillers 

dried grains for: (a) Dairy cattle; 
(b) beef cattle; (c) sheep; (d) 
swine; (e) poultry. 

24. What is the special value of distillers 

dried solubles? 

25. For what purpose is dried yeast chiefly 

used in stock feeding? 

26. How should a fanner decide whether 

to buy a commercial mixed feed or to 
prepare a suitable mixture on the 
farm? 

27. What is meant by open formulas and 

closed formulas for commercial mixed 
feeds? What are the advantages of 
each? 

28. Tell how you would prepare a concen- 

trate mixture on the farm. 

29. What are premixes? 
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30. Discuss the use of antibiotic feed sup- 

plements. 

31. For what classes of stock are arsonic 

supplements used? 

32. What is your opinion concerning the use 

of complex mineral or vitamin sup- 
plements? 

33. Discuss the use of stock tonics. 

34. Discuss the use and value of any of the 

feeds considered in Articles 969 to 
984, which are assigned by your 
instructor. 


REFERENCES 


. Blackwood, Morris, and Wright, Jour. Dairy 
Res., England, 7, 1936, pp. 228-237; Wil- 
kie, Edwards, Fowler, and Wright, Jour. 
Dairy Res., England, 8, 1937, pp. 311-323; 
Wilson, Minett, and Carling, Jour. Hygiene, 
England, 37, pp. 243-253. 

. Eckles and Shultz, Minn,, Jour. Dairy Sci., 14, 
1931, pp. 189-197; see also: Beach and 
Clark, Conn. ( Stores) Rpt. 1904; Tretsven, 
Mont. Bui. 282. 

. Woodward, Shepherd, and Graves, U.S.D.A. 
Misc. Pub. 179. 

. Hughes and Feldmiller, Cal. Exten. Cir. 15; 
Goesmann, Mass. Rpts. 1S84, 1885; Wilson, 
S.D. Bui. 136. 

. Horlacher, Ky. Rpts. 1921, 1922. 

. Bureau Anim. Indus., U.S.D.A., Rpt. 1946. 

. Robison, Ohio Bui. 316; see also: Ferrin and 
Johnson, Minn., mimeo. rpts.; Ellenberger 
and Aplin, Vt. Bui. 273; Henry, Wis. Rpt. 
1895. 

, Headley, Nev. Buis. 125, 147. 

. Freeman, Mich. Cir. 53; Bohstedt, Fargo, and 
• Beeson, Wis. Bui. 425. 

, Freeman, Mich. Quar. Bui., 16, 1933, No. 2; 
McCarty, Penn. Bui. 179; Fargo, Bohstedt, 
and Lacey, Wis. Bui. 454. 

, Fargo and King, Wis. Bui. 440. 

Dvorachek, Ark. Cir. 38; Skinner and Cochel, 
Ind. Bui. 137; Robison, Ohio Buis. 316, 
349; Morrison, Fargo, and Bohstedt, Wis., 
mimeo. rpts.; see also: Thompson and Voor- 
hies. Cal. Bui. 342; Hughes, Cal., mimeo. 
rpt.; Osland and Morton, Colo. Bui. 381; 
Ferrin and McCarty, Minn., mimeo. rpts.; 
Joseph, Mont. Bui. 169; Headley, Nev. Buis. 
114, 125; Headley and Wilber, Nev. Rpt. 
1934; Loeffel, Nebr., mimeo. rpt. 

Brown, Mich., Amer. Soc. Anim. Prod., Proc. 
1930; Freeman, Mich. Cir. 53; Loeffel, 
Nebr., mimeo. rpt.; Morrison and Fargo, 
Wis., mimeo. rpts. 

Ferrin and McCarty, Minn., mimeo. rpt.; 
Weaver, Mo. Bui. 247; McCarty, Penn. Bill. 
179; Morrison and Fargo, Wis. Bui. 373; 
Fargo, Bohstedt, and Lacey, Wis. Bui. 454. 
Johnson, Ark. Bui. 417; Culbertson and Ev~ 
vard, Iowa, Amer. Soc. Anim. Prod., Proc. 
1924; Headley, Nev. Buis. 164, 173, 175; 
Kuhlman and Wilson, S.D. Bui. 216. 

Martin, Ky. Bui. 260; Walker, New Mex. 
Bui. ISO; Bryant and Schlamb, N.D. Bui. 
356; Cassel, Wash. Bui. 210. 

Payne, Sehumaker, and Bushnell, Kan., Poul- 
try Sci., 24, 1945, pp. 93-94. 

Morrison, Hulce, and Humphrey, Wis. Buis. 

339, 362; Rupel, Wis. Bui. 404. 

Morrison and Bohstedt, Wis. Buis. 319, 323. 
Thompson and Voorhies, Cal. Bui. 342. 


21. Braude, Jour. Min. Agr., Great Britain, 48^'dLM 

1941-42, pp. 10-11. * 

22. Assoc.' Amer. Feed Control Officials, Official M 

Pub., 1956. , 

23. Id. Buis. 160, 179; Jacobson and Alien, Iowa*- ^ 

Rpt. 1949—51, Part 1; Shaw and Beck, Kap:. 

Rpt. 1938-40; Burch and Frye, La. Rpt. 

1951; Ingham, Meade and Berry, Md. Bui. n 
319; Berry, Md. Bui, 330; Eckles and Gul- '* 
lickson, Minn. Bui. 215; Lindsey and Archi- » 
bald. Mass, Bui. 253; Krauss and Crawford, 

Ohio Bimo. Bui. 137; Leighton, and Huff, \,- 
Tex. Prog. Rpt. 1482; Arrington arid Reaves, 

Va., Jour. Dairy Sci., 31, 1948, pp. 1—9; El- 
lington and Knott, Wash. Bui. 178; Morrison, 
and Rupel, Wis. Bui. 388; Rupel, Wis. Bui. 

404; Bohstedt and Rupel, Wis., Amer. Soc. 

Anim. Prod., Proc. 1930; Willard, Wyo. Rpt* 

1942; McCandlish, West of Swfc Agr. Cbh^ ' 
Res. Bui. 7. ' ’ 


24. Cave and Atkeson, Kan. Rpt. 1936-38; NJg|* 


m 


Bui. 319. * r\ 

"25. Turk, N.Y., unpublished data. ( 

26. Neidermeier, Zehner, and Allen, Wis. Bnl. dflffL jfc 

27. Fairbanks, King, Gobble, Krider, and CanHum 

111., Jour. Anim. Sci., 3, 1944, pp. 25(WsjPY ' * 
Eward, Culbertson, and Wallace, A' 

278; Ferrin, Minn., mimeo. rpt.; Roh UmL x # ^ 
Ohio Bimo. Bui. 192; Bohstedt, Fargy; ' 

Ries, Wis. Bui. 428; Crampton, S<^T Agr., 
Canada, 11, 1931, pp. 347—350; '\:e 
Whitehair and Hillier, Okla. Misc. Pub, 
MP-27. 

28. Eward, Culbertson, and Wallace, Iowa Bui. 

278; Brown, Mich. Rpt. 1923; Ferrin and 
McCarty, Minn. Bui. 221 and mimeo. rpt.; 

Ferrin and Engebretson, Minn., mimeo. rpt.; ,</:> 
Weaver, Mo. Bui. 247; Smith and Maynard, / 
Utah Bui. 254; Bohstedt, Fargo* and mM, 

Wis. Bui. 428. 

29. For reviews of the experiments on dairy by- 

products for poultry, see Heuser, Feeding 
Poultry, 2nd Ed., 1955; Ewing, Poultry Nu- 
trition, 4th Ed. 1951. 

30. Krider, Becker, Curtin, and Van Poucke, IIL, 

Jour. Anim. Sci., 8, 1949, pp. 112-120; 

Briggs and Beeson, Ind., Jour. Anim. Sci., 

II, 1952, pp. 103-111; Vohs, Haddock, 

Catron, and Culbertson, Iowa, jour. Anim. 

Sci., 10, 1951, pp. 42-49; N.J. Rpt. 193X; 

Orr and Crichton, Scot. Jour. Agr., 6, 1923, 
pp. 63-67. 

31. Ark. Rpt. 1942. 

32. Id. Bui. 164; Eckles and Gullickson, Minn. Bui. 

215; Ellington and Knott, Wash. Buis. 178, 

208; Rupel, Wis. Bui. 404. 

33. Thompson and Voorhies, Cal. Bui. 342; Eward 

and Culbertson, Iowa, mimeo. rpt.; Vestal, 

Ind., mimeo. rpt.; McCampbell, Kan. Cir. 

78; Aubel and Connell, Kan. Cir. 188; Ferrin 
and McCarty, Minn. Buis. 213, 221; 

Weaver, Mo. Bui. 247; Gramlich, Nebr. Bui. 

176; Gramlich and Loeffel, Nebr., mimeo. 
rpt.; Helyar, N.J. Rpt, 1921; Grimes, Penn. 

Bui. 168. 

34. Morrison, Fargo, and Thomas, Wis. Bui. 388. 

35. Bohstedt and Fargo, Wis. Buis. 430, 438; 

Fargo and King, Wis, Bui. 440; Halpin and 
Holmes, Wis. Bui. 435. 

36. Robison, Ohio Bimo, Bui, 224; see also: Teirill 

et al.. 111., Jour. Anim. Sci., 13, 1954, pp. 
'622—629; Guerin, Hoefer, and Beeson, Ind., 

Jour. Anim. Sci., 10, 1951, pp. 607-616; 

Texas Rpt. 1947—49; Cunha, Warwick, Ens- 
minger, and Hart, Wash., Jour. Anim. Sci., 

7, f948, pp. 117-126. 

37. Grimes, Sewell, and Cottier, Ala. Rpt, 1931— 


mm 


MISCELLANEOUS CONCENTRATES 


5®$$? *| * ■ 32; Lampman, Petersen, and Wiese, Id. Bui. 

K' l t>' .% 270; Vestal, Ind. Rpt. 1930; Nebr. Rpt. 
||r : ,1935; Ohio Bui. 579; Gobble,' Miller, Zie- 

gler, and Bentley, Penn. Bui. 516. 

W Culbertson and Hammond,. 1 " Iowa, mimeo. rpt.; 

Johnson, Minn., mimeo. rpt.; Loeffel, Nebr., 
mimeo. rpt.; Robison, Ohio Special Cir. 32. 
i - . 39. Robison, Ohio Bui. 552. 

^ ? 40, Vestal, Ind., mimeo. rpts.; Aubel and Connell, 

^ ' Kan, Qir. 22.3; Ferrin, 'Minn., mimeo. rpt.; 

p, Kyzer, Clybum, Jones, and Godbey, S.C. 

! v , Cir, 65; see also: Aubel and Connell, Kan. 

Git, 189; Heidebrecht, Ross, and MacVicar, 
1/ Ofcla., Misc. Pubs. MP-13, MP-15. 

fir 41. Wilgus, Norris, and Heuser, N.Y., Jour. Agr. 
r Res., 51, 1935, pp. 383-399; Ky. Rpt. 1939. 

42. Cannon, Iowa, information to the author; At- 
| keson, Cave, and Riddell, Kan. Rpt. 1934- 

. . 36;. t Archibald, Mass. Bui. 321; Petersen, 

k Minn., information to the author; Dice, N.D. 

. M . Bui. 286; Olson, S.D. Rpt. 1936. 

* f |M3. Stanley and Walker, Ariz. Bui. 170; Rusk and 
;|T Snapp, 111. Rpts. 1935* 1936; Skinner and 

* | f King, Ind, Bui. 428; Culbertson, Hammond, 

k A ~ Beard, and Thomas, Iowa, mimeo. i*pts.; 

, ' McCampbell and Aicher, Kan., Annual Cat- 
: tlemen’s Round-up, 1938, 1939; Thalman, 

rfiBIU* Nebr. Bui. 345; Wilson and Wright, S.D. 

PgrT* Bui. 329. 

44. x.fcCampbell and Aicher, Kan., Annual Cattle- 
R jpaien’s Round-up, 1938, 1939. 

I"' ' 45. '"M®fer,' CaL, mimeo. rpt.; Harper, Ind. Bui. 
i 470; Iowa Sta,, mimeo. rpt.; Cox, Kan. Rpt. 

f 1934-36; Jordan and Peters, Minn., mimeo. 

, ; a rpt,; Fox, Nebr. Bui. 211; Alexander, Nebr., 

ipimeo. rpt.; Christensen, N.D. Bui. 286; 
\ Morrison and Kleinheinz, Wis. unpublished 

data. 

■ Titus, Byerly, Ellis, and Nestler, U.S.D.A., 
V Jour. Agr. Res., 53, 1936, pp. 453-465; 
Bird and Groschke, Flour and Feed, Oct. 
1942. 

47. Burkett, N.C. Bui. 189; Robison, Ohio Bimo. 

Bui, 223; Quick, Va. Bui. 176. 

48. Archibald, Mass. Bui. 334. 

49. Krauss and Monroe, Ohio Bui. 548. 

50. Wagner and Eivehjem, Wis. Buis. 456, 461; 
Olcott, U.S.D.A., Soc. Expt. Biol, and Med. 
Proc., 54, 1943, pp. 219-220; Slinger, 
Evans, Kellam, and Marcellus, Canada, Poul- 
try Sei., 23, 1944, pp. 431-436; Slinger, 
Pepper, and Hill, Canada, Poultry Sci., 34, 
1955, pp. 919-922. 

51. Runnels, Shor, and Tomhave, Del. Bui. 233; 
Wilder, Ostby, and Gregory, 111., Poultry 
Sci., 34, 1955, pp. 518-523; Draper, Iowa 
Res. Bui. 326; Kan. Rpt. 1926-28; Gerry 
and Smith, Me., Poultry Sci., 33, 1954, p. 
1089; Jordan and Jordan, Minn., Jour, Anim. 
Sci., 14, 1955, pp. 1211-1212; Jordan, 
Groom, and Jordan, Minn. Mimeo. Rpt. S-48; 
Naber and Morgan, S.C., Poultry Sci., 34, 
1955, p. 39; Lillie, Menge, Sizemore, and 
Denton, U.S.D.A., Poultry Sci., 34, 1955, 
pp. 33-34; Kincaid, Copenhaver, and Mc- 
' ' Claugherty, Va. Rpt. .1950-53. 

52. Weaver, Mo. Buis. 340, 376; Willman and 
Morrison, N.Y. (Cornell) Bui. 836; Robison, 
Ohio Bimo. Bui. 209, Ohio Bui. 617; Keith, 
Miller, Thorp, and McCarty, Penn., Jour. 
Anim. Sci., I, 1942, pp. 120-125; Ellis and 
Madsen, U.S.D.A., Amer. Soc. Anim. Prod., 
Proc. 1939; see also: Heidebrecht, Ross, and 
MacVicar, ' Okla. Misc. Pub. MP-13. 

53. Booth and Hart, Wis. Bui. 456; see also: Frey 
and Kratzer, Colo. Farm Bui. 7, 1945, No. 6. 

54. Stewart and Mussehl, Nebr., Poultry Sci., 20, 
1941, p. 450; Tenn. Rpt 1953. 


55. Grau and Williams, Cal., Poultry Sci., 34, 

1955, pp. 810—816; see also: Willman and 
Morrison, N.Y. (Cornell) Bui. 730; N.J. Rpt. 
1935; Robison, Ohio Bimo. Bui. 217; Dodi, 
Italy, Riv. Zootec., 28, 1955, pp. 43-45. 

56. Willman and Morrison, N.Y. (Cornell) Bui. 

730; Robison, Ohio Bimo. Bui. 217 and in- 
formation to the author. 

57. Edwards, Ga. Cir. 84; Vestal, Ind., mimeo. 

rpts.; Evvard, Culbertson, et al., Iowa, 
mimeo. rpts., and Amer. Soc. Anim. Prod., 
Proc. 1924; Hostetler, N.C., information to 
the author; Robison, Ohio Bui. 349; God- 
bey and Durant, S.C. Bui. 234; Wilson and 
Kuhlman, S.D. Bui. 192; Morrison and 
Bohstedt, Wis., mimeo. rpt.; Ala. and Tenn. 
Stations, data from U.S. Dept, of Agr.; see 
also: Headley, Nev. Rpt. 1950. 

58. Evvard, Culbertson, et al., Iowa, mimeo. rpt.; 

Culbertson and Hammond, Iowa, mimeo. 
rpt.; Aubel, Kan. Cir. 207; Robison, Ohio 
Spec. Cir. 32; Grimes, Penn. Bui. 168; Ky- 
zer, Clybum, Jones, and Godbey, S.C. Cir. 
65. 

59. Vestal and Barrick, Ind. Rpt. 1941; Culbert- 

son and Evvard, Iowa, mimeo. rpts.; Will- 
man and Morrison, N.Y. (Cornell) Bui. 730; 
Robison, Ohio Bimo. Bui. 217; Kyzer, Cly- 
bum, Jones, and Godbey, S.C. Cir. 65. 

60. Vestal, Shrewsbury, Jordan, and Milligan, Ind., 

Jour. Anim. Sci., 4, 1945, pp. 63-67; Hil- 
ton, Sci. Agr., Canada, 19, 1938, pp. 121- 
137; Wood, Orr, and Crowther, Jour. Min. 
Agr., Great Britain, 53, 1928, No. 5. 

61. Heuser, Feeding Poultry, 2nd Ed., 1955; 

Ewing, Poultry Nutrition, 4th Ed., 1951; 
Robertson, Carver, and Cook, Wash. Bui. 
388 . 

62. Bryant and Stevenson, Va. Bui. 321. 

63. Scott, Fla. Rpt. 1922; Henke, Iwanaga, Web- 

ster, and Morita, Hawaii Rpt. 1948-50; Cor- 
bett and Hall, Maine, information to the 
author; Ingham, Md. Bui. 342; Bartlett, N.J. 
Rpt. 1929; Monroe, Krauss, and Hayden, 
Ohio Bimo. Buis. 176, 178, 185; Ohio Buis. 
497, 532; Campbell, Vt. Bui. 333; Elling- 
ton and Knott, Wash. Bui. 229; Woodward 
et- al., U.S.D.A. Bui. 1272; Archibald, Do- 
minion Expt. Farms, Canada, Pamphlet 17; 
De Lisle, Fisheries Dept., British Columbia, 
Canada, Rpt. on Edible Fishmeal, 1930. 

64. Miller, Cal. Rpt. 1930 and mimeo. rpts.; Hunt, 

Md. Buis. 379, 398; Carmichael, Md. Rpt. 
1937; Paterson, West of Scot. Agr. Col. Bui. 
97. 

65. Stephenson, Camp, and Noland, Ark., Jour. 

Anim. Sci., 10, 1951, pp. 1062—1063; 
Krider et al.. 111., Jour. Anim. Sci., 5, 1945, 
pp. 556-563; Terrill, Becker, Adams, and 
Mead, III., Jour. Anim. Sci., 11, 1952, pp. 
84-91; Geurin, Hoefer, and Beeson, Ind., 
Jour. Anim. Sci., 9, 1950, pp. 94—100; 
Culbertson, Catron, Shearer, and Thomas, 
Iowa Rpt. 1949; Robison, Ohio Res. Bui. 
699. 

66. Stephenson and Clower, Ark., Poultry Sci., 

31, 1952, pp. 936-937; Fuller, Ga., Poul- 
try Sci., 32, 1953, p, 900; Petersen, Wiese, 
and Pappenhagen, Id., Poultry Sci., 32, 
1953, p, 921; Hauge and Needham, Ind. 
Rpt. 1952; Arscott and Combs, Md., Poul- 
try Sci., 32, 1953, pp. 730-733; Johnson, 
Minn., Poultry Sci., 33, 1954, p. 1063; Hal- 
brook. Buckler, and Smith, Mont., Poultry 
Sci., 32, 1953, pp. 1058-1068; Edwards, 
Dam, Norris, and Heuser, N.Y., Poultry Sci., 

32, 1953, pp. 551-554; Hart, Higgins, and 
Wiley, R.I. Misc. Pub. 35; German, James, 


FEEDS AND FEEDING 


r 


! ! ! lir 


f ' 


and Sherwood, Tex. Prog. Rpt 1106; Cra- 
vens, Halpin, and McGibbon, Wis. Buis. 
466, 469. 

•• Parlchurst, Gutowska, Fellers, et al.. Mass., 
Poultry Sci., 23, 1944, pp. 58-64, 118-125. 
L Gobble, Penn. Bui. 553; Kyzer and Pace, S.C. 
Rpt. 1942. 

). Ind. Rpt. 1926; N.J. Rpt. 1928. 

>. Bray, Francioni, and Gregory, La. Bui. 228; 
Singletary, Bray, and Davis, La. Bui. 368; 
Fletcher, Miss. Farm Res., 16, 1953, No. 2, 
Miss. Inform. Sheet 491. 

■* Hpp, La. Bui. 262; Polk and Barnett, Miss. 
Bui. 374; Heuser, Feeding Poultry, 2nd 
Ed. 

Lush, La., Amer. Soc. Anim. Prod., Proc. 1935. 
Marshall and Davis, Fla., Jour. Anim. Sci., 5, 
1946, pp. 211-218; Marshall, Becker, and 
Davis, Fla., Jour. Dairy Sci., 29, 1946, pp. 
801—808; Davis, Mehrhof, and Driggers, 
Fla. Rpt. 1946. 

Rhian and Evans, Wash. Bui. 425. 

Heuser, Feeding Poultry, 2nd Ed., 1955. 

. Hainan, Jour. Agr. Sci., England, 32, 1942, 
PP- 179-193; see also: Hostetler, N.C. Rpts. 
1928, 1929; Tangauf and Detitius, Archiv. 
fur Gefliigelk, 8, 1934, p. 383. 

. Chem. and Eng. News, Sept. 22, 1952. 

. Kidder and Beardsley, Fla. Bui. 493; Chap- 
man, Kidder, and Plank, Fla. Bui. 531. 

. Foreman and Herman, Mo. Res. Bui. 535. 

. Trimberger, Davis, Turk, and Loosli, N.Y. 
Farm Res., 21, 1955, No. 2; see also: Briggs 
and Heller, Okla., Jour. Agr. Res., 71, 1945, 
pp. 81-87. 

. For a review of feeding experiments with mo- 
lasses, see: Scott, Use of Molasses in the 
Feeding of Farm Animals, Tech. Rpt. Series 
No. 9, 1953, Sugar Research Foundation. 

, Madsen, Colo. Farm and Home Res., 3, 1952, 
No. 9. 

, Beeson, Hickman, Bolin, Johnson and Rine- 
hart, Id. Buis. 239, 251; Maynard and 
Greaves, Utah Bui. 250; Madsen and Niel- 
sen, Utah Buis. 294, 306, 315. 

, Bohstedt, Roche, et al., Wis. Bui. 430; see 
also: Lindsey, Holland, and Smith, Mass. 
Bui. 118; Britnall, Miss. Cir. 38; Arnett, 
Mont. Rpt. 1929; Williams, Jour. Dairy Sci., 
8, 1925, pp. 94-104; Grisdale, Canada 
Expt. Farms, Rpt. 1913. 

Mather, Brockett, and Poulton, N.J., Jour. 

Anim. Sci., 12, 1953, p. 924. 

Davis, Trimberger, Turk, and Loosli, N.Y. 
(Cornell) Bui. 914; Bohman, Trimberger, 
Loosli, and Turk, N.Y., Jour. Dairy Sci., 37 
1954, pp. 284-293. 

Woodward et al., U.S.D.A. Bui. 1272. 

Henke, Hawaii Bui. 73. 

Evvard and Culbertson, Iowa, mimeo. rpts.; 

Gerlaugh, Ohio Bui. 463. 

Klosterman, Kunkle, Bentley, and Burroughs, 
Ohio Res. Bui. 732; see also: Klosterman, 
Moxon, and Bentley, Ohio, A.S. Mimeo. 
Rpt. 94. 

Melton, Willey, Jones, and Lyerly, Tex. Prog. 
Rpt. 1277; see also: Duitsman and Kessler, 
Kan. Cirs. 307, 322. 

Grimes, Ala. Bui. 231; Templeton and Goodell, 
Miss. Bui. 242; Quesenberry, U.S.D.A. Cir. 
65; see also: Tillman, Singletary, Kidwell, 
and Bray, La., Jour. Anim. Sci., 10, 1951, 
pp. 936-946; Dyer and Weaver, Mo. Bui. 
641; McComas, Douglas, and Southwell, 
U.S.D.A. Tech. Bui. 864. 

Miller, Ferguson, Brannon, and Thomdyke, 
N.Y., mimeo. rpt.; see also: Henke, Work, 


and Burt, Hawaii Bui. 85; Jones, T mes. fj* f 
Hail, and Neal, Tex. Bui. 599, „ f Jt 1 ' 9 

94. Kidder and Beardsley, Fla. Bui. 493; Chapman, I 

Kidder, and Plank, Fla. Bui. 531.* ^ 

95. Baker* and Jackson, Nebr., North Platte Prog.^^ 

Rpt. 69. 

96. Osland, Maynard, and Morton, Colo. Bui. 422; 

Beeson, Hickman, Bolin, Johnson, and Rine- 
hart, Id. Buis. 239, 244; Singleton, Ens- 
minger, and Heinemann,Wasb.BuL 469. 

97. Stanley, Ariz. Bui. 198; Edwards and Massey, 

Ga. Bui. 184; Skinner and King,/ Ind. Buis. j 
183, 191, 430; Evvard, Gulberfson, et ah. If 
Iowa, mimeo. rpts.; McCampbell ‘and Win- 
chester, Kan. Cir.; 92; Snell and Bray, La. 

Rpt. 1931-33 and mimeo. iptsfr Peters, 

Minn, Bui. 300; Trowbridge*, Mo. Bui. 223; 
Thalman, Nebr. Bui. 355; Gerlaugh, Ohio 
Bimo. Buis. 154, 159, 166, 173/ i98, Ohicr 
Bui. 463; see also: Guilbert, Cal. Bui. 481; 

Kidder and Kirk, Fla. Bui. 360; Rusk a»4 - 
Snapp, 111. Rpt. 1938; Webb .and B 
HI. Bui. 510; Culbertson, Evvard, Ham-V\ 
mond, and Bassett, Iowa Leaflet 27; Diuts-VjjA 
man and Kessler, Kan.' Cir. '322; Leinb&bh, J aL 
Md. Bui. A-20; Trowbridge, Moffett, an ^^l p| * 
Hazen, Mo. Bui. 413; ■ Dickson, Mont. 

359; Thalman, Nebr. Bui. 355; Pope, B^nlj 
nett, Heller, and Campbell, Okla. Misc, Pub. "jj 
MP-43; Ore. Cir. 137; Tomhave and Bent- f 
ley, Penn. BuL 183; Jacob, Ten/:, Rpts. uvAi 
1931, 1932, 1933; Jacob and Duncal, Tenn. iK j 

Bui. 156; Burns, Tex. BuL 110; Jones, 'fv f 

Jones, Hall and Neal, Tex. Bui. 599; Hunt, 

Va. Rpt. 1920-27; Ensminger and' Heine- vjf 
mann. Wash. Bui. 570; Fuller et al., Wis. iff 
Bui. 428; Hazen and Comfort, U.S.D.A. JWl 
Tech. Bui. 862. Jt/ 

98. Skinner and King, Ind. Bui. 192. 

99. Morton, Maynard, and Fairbanks, Colo. Press 

Bui. 76; Evvard, Culbertson, and Wallace, 

Iowa Bui. 215. 

100. Bohstedt et al., Wis. Buis. 428, 430. 

101. Richard et al., N.D. Bimo. BuL, 17, 1954, 

No. 1. 

102. Maynard, Morton, and Osland, Colo. BuL 379; 

Cox and Erhart, Kan. Cir. 250; Jordan and 
Peters, Minn. BuL 306; Maynard, Esplin, 
and Boswell, Utah BuL 238 and mimeo. rpt.; 
Hackedom, Singleton, and Sotola, Wash. 

BuL 351; Quayle, Wyo. BuL 191; Ingraham, 

Wyo. BuL 257; see also: Morton, Osland, 
and Tom, Colo. Press Buis. 91, 92; Johnson, 

Id. Buis. 244, 251; Cox and Sloan, Kan. 

Rpt. 1938-40; Bell, Ohio BuL 497. 

103. Snell and Taggart, La. BuL 230. 

104. Weiser and Zaitschek, Landw. Jahrb., 37, 

1908, pp. 138-149. 

105. Willett, Work, Henke, and Maruyama, Ha- 

waii Tech. Bui. 3; see also: Sewell, Stringer, 
and Cullison, Ga., Jour. Anim. Sci., 13, 

1954, pp. 998-999. 

106. Carroll and Burroughs, 111. Rpt 1937; Aubel, 

Kan. Cir. 207; Snell, Upp, and Lush, La. 

Cir. 19; Loeffel, Nebr. Rpt 1937; Robison, 

Ohio Bui. 607; Thompson, Okla. Rpt. 1936- 
38; Fargo, Bohstedt, and Lacey, Wis. Bui. 

454; see also: Ferrin, Minn., mimeo. rpt.; 

Barnett and Goodell, Miss. BuL 218; Fjeld- 
sted and Potter, Ore. Bui. 165; Bums, Tex. 

Bui. 131; Hackedom and Sotola, Wash. 

BuL 169. 

107. Rasmussen, Smith, Phillips, and Cunha, Utah 

BuL 302. 

108. Rice, Hawaii BuL 67; Draper, Hawaii Rpt. 

1942—44; Upp, La. BuL 289; Norris'' and"' 

Heuser, N.Y. (Cornell) Rpt. 1935; Boucher, 


MISCELLANEOUS CONCENTRATES 


• ^ enn ‘ Buis. 399, 414; Ott, Boucher, and 

^ Knandel, Penn., Poultry Sci., 2 1-/ 1942, pp. 
'* * 340-345, 536—539. 

109. Rosenberg, Hawaii Bui. 109; Rosenberg, Ha- 

waii, Poultry Sci., 32, 1953, pp.: 605-612; 
33, 1954, pp. 382-389; Weeth and Rosen- 
berg, Hawaii, Poultry Sci., 33, 1954, pp. 
1135-1140. 

110. Evvard, Culbertson, et al., Iowa, mimeo. rpts.; 

Skinper and King, Ind. Buis. 183, 191; 
Trowbridge, Mo., Amer. Soc. Anim. Prod., 

' Prod. 1931, and mimeo. rpt.; Thalman, 

* Nebr. Bui. 355; see also: Ky. Rpt. 1946. 

111. Hudson, Mich. Quar. Bui., 16, 1933, No. 1. 

112. Hickman, Rinehart, and Johnson, Id. Cir. 18; 

Gramlich, Nebr. Rpts, 1921, 1922, 1927, 
and mimeo. rpts. 

113. Lindsfey and Smith, Mass. Bui. 158; Hills, Vt. 

Bui; i7i. 

f 14. Madsen, Charkey, Manning, and Wilgus, Colo., 
i_. Poultry Sci., 30, 1951, p. 935; Madsen, 

’{fa* Colo., Poultry Sci., 31, 1952, p. 925. 

. greeny Mever, and Weir, Cal. Agr., 6, 1952, 
M / No. 8; Lof green. Cal. Agr., 7, 1953, No. 7; 

ji J | f Mead, Weber, and Dunkley, Cal. Agr., 7, 

1953 ’ No * 5 * 

Rosenberg, Hawaii Farm Sci., 1, 1952, No. 2; 
pTi _ Rosenberg, Hawaii, Poultry Sci., 32, 1953, 
W pp. 69-77; Palafox and Rosenberg, Hawaii, 

n Poultry Sci., 33, 1954, pp. 127-133. 

: 117, Hguike, Hawaii, information to the author. 

118. ;^:BSampbelI, ' Kan. Bui. 186. 

119. Wilcox et al., Utah Farm and Home Sci., 13, 

1952, No. 2. 

120. Lindsey, Mass. Rpt. 1913; •Rothwell, Canada 

Expt. Farms, Anim. Husb. Div., Interim 
w Rpt, 1922; see also: Grinnells, N.C. Rpt, 

X 1938; Willard, Wyo. Rpts. 1935, 1942, 

1943. 

121. White and Johnson, Conn. (Storrs) Bui. 198; 

Billings, N.J. Bui. 189; Foster, N. Mex. 
Bui. 122; Monroe, Hayden, and Perkins, 
Ohio Bui. 470. 

122. Woodward, Shepherd, and Graves, U.S.D.A. 

Misc. Pub, 130; Pratt, Va. Bui. 301; Hen- 
derson and Teague, West Va., Jour. Dairy 
Sci., 16, 1933, pp. 363-368. 

123. Billings, N.J. Rpt. 1904; Lindsey, Mass. Rpt. 

1913. 

124. Connell et al., Colo. Farm. Bui., 6, 1944, No. 

4; 7, 1945, No. 2; Connell, Colo. Farm and 
Home Res., 4, 1953, No. 1; Maynard, Mor- 
ton, and Osland, Colo. Bui. 379; Johnson, 
Id, Bui. 251; Id. Bui. 269; Cox and Sloan, 
Kan. Rpt. 1938-40, Kan. Livestock Feeders* 
Day Rpts., 1947, 1948; Kiser, Christgau, 
and Peters, Minn., mimeo. rpt.; Dickson, 
Mont. Bui. 359; Clark, McCall, and Wood- 
ward, Mont. Cir. 184; Holden, Nebr. Bui. 
194 and mimeo. rpt.; Baker, Reinmiiler, and 
Baker, Nebr. Bui. 359; Baker and Baker, 
Nebr. Bui. 414; Maynard, Utah, mimeo. rpt; 
Singleton, Ensminger, and Heinemann, 
Wash. Bui. 469; Quay le, Wyo. Bui. 191. 

125. Maynard, Beets and Meat, Rev. Ed., 1950. 

126. Harris, information to the author. 

127. Holden, Nebr. Buis. 194, 216, 268; Quayle, 

Wyo. Bui. 191; see also: Miller, Cal,, mimeo. 
rpt. 

128. Dickson and Bamum, Mont Bui. 312; Baker, 

Nebr. Bui. 350. 

129. Ore. Bui. 461. 

130. Woodman, Jour, Min. Agr. (Great Britain), 

50, 1943, pp, 415-416; Woodman and 
Evans, Jour. Agr. Sci., England, 33, 1943, 
pp, 155-168. 

131. Osland, Maynard, and Morton, Colo. Bui. 422. 


2. Madsen and Nielsen, Utah, North Amer. Vet., 

21, 1940, pp. 81-89, Utah Buis. 294, 306, 
315; Maynard and Greaves, Utah Bui. 250. 

3. Clark, Utah Bui. 101. 

4. Bateman and Caine, Utah Bui. 239. 

5. Maynard and Greaves, Utah Buis. 235, 250. 

6. Osland, Maynard, and Morton, Colo. Bui. 422. 

7. Hoffman and Bogart, Ore. Bui. 479. 

8. Maynard, Morton, and Osland, Colo. Bui. 

379; Maynard, Morton, and Fairbanks, Colo. 
Press Bui. 76; Hickman, Rinehart, and John- 
son, Id. Cir. 40; Johnson, Rinehart, and 
Hickman, Id. Buis. 239, 244, 251, 268; 
Vinke, Bergstedt, and Hansen, Mont. Cir. 29 
and mimeo. rpts.; Aune, S.D. Rpts. 1938, 
1939, 1941; Ingraham, Wyo. Bui. 257; 
Quayle and Paules, Wyo, Cir. 44. 

L Osland, Maynard, and Morton, Colo. Bui. 422; 
Johnson, Id. Cir. 94; Carroll, Utah Bui. 192; 
see also: Esplin and Connell, Colo. Farm 
Bui., 8, 1946, No. 2. 

). Ky. Rpt. 1949; Drown and Forbes, Ky., Jour. 
Anim, Sci,, 9, 1950, pp. 20-22; Dowe and 
Arthaud, Nebr. Rpt. 63; Lindahl, Davis, and 
Ellis, U.S.D.A., Proc. 5th Distillers Feed 
Conf., 1950. 

1. Loosli, Turk, and Morrison, N.Y., Jour. Dairy 
Sci., 35, 1952, pp. 868-873; Loosli and 
Warner, N.Y., Jour. Dairy Sci., 36, 1953, 
pp. 1135—1139; Loosli and Warner, N.Y., 
Proc. 9th Distillers Feed Conf., 1954; War- 
ner, Loosli, and Davis, N.Y., Proc. 10th 
Distillers Feed Conf., 1955; see also: Lind- 
sey, Mass. Bui. 94; Hills, Vt. Rpt. 1907. 

5. Ky. Rpts. 1949, 1950; Dowe and Arthaud, 
Nebr. Rpt. 63. 

1. Klosterman and Bentley, Ohio An. Sci. 
Mimeo. 94; Ky. Rpt. 1941. 

Aicher and Kessler, Kan. Cir. 292. 

!. Garrigus, Ky., Proc. 8th Distillers Feed Conf., 
1953; Ky. Rpts. 1951, 1952. 

!. Leinbach, Md. Bui. A-20. 

Willman, Morrison, and Klosterman, N.Y. 
(Cornell) Bui. 834. 

. Outhouse, Leinbach, and Meade, Md. Bui. A- 
32. 

. Tomhave, Del. Buis. 205, 207, 214, 220; 

Good and Smith, Ky. Bui. 190. 

. Robison, Ohio Bui. 607. 

. Wilcke and Thomas, Iowa Rpts. 1939, Part 1; 
1940, Part 1; Parkhurst et al.. Mass. Bui. 
417; Parkhurst and Kuzmeski, Mass., Poul- 
try Sci., 25, 1946, pp. 162-172; Sloan, 
Minn., Poultry Sci., 20, 1941, pp. 83-96; 
Mussehl, Sandstedt, and Ham, Nebr. Bui. 
371; Wilson and Moxon, S.D. Rpt. 1944. 

. Buckner, Insko, and Harms, Ky. Bui. 423. 

. Hauge and Hughes, Ind. Rpt. 1943; Wilford, 
Garrigus and Barnhart, Ky. Bui. 577. 

. Runnels, Del., Proc. 10th Distillers Feed Conf., 
1955; Scott, 111., Proc. 10th Distillers Feed 
Conf. 1955; Novak and Hauge, Ind., Jour. 
Biol. Chem., 174, 1948, pp. 647-651; Nor- 
ris, N.Y., Proc. 10th Distillers Feed Conf., 
1955; Sunde, Cravens, Elvehjem, and Hal- 
pin, Poultry Sci., Wis., 29, 1950, p. 627. 

. Scott, 111., Proc. 10th Distillers Feed Gonf.» 
1955; Carrick, Roberts, Hauge, et al., Ind. 
Rpts. 1942, 1943, 1944, 1945, 1949; Park- 
hurst, Fellers, and Kuzmeski, Mass., Poultry 
Sci., 24, 1945, pp. 8-19; Morgan, S.C., 
Proc. 10th Distillers Feed Conf., 1955; 
Couch et al., Texas, Proc. 10th Distillers 
Feed Conf., 1955. 

, Catron et al., Iowa, Proc. 10th Distillers Feed 
Conf., 1955. 

. Robison, Ohio Res. Bui. 699; see also: Aubel, 


FEEDS AND FEEDING 


: eIi 


.'i: 'J 


Kan. Cir. 273; Kan. Rpt. 1948-50; Hanson, 
Baker, Baker, and Rumery, Nebr. Bui. 415; 
Willman and Morrison, N.Y. (Cornell) Bui. 
836. 

8. Krider, Fairbanks, and Carroll, 111., Jour. Anim. 

Sci., 3, 1944, pp. 107—119; Fairbanks, 
Krider, and Carroll, 111., Jour. Anim. Sci., 
3, 1944, pp. 29-40; 4, 1945, pp. 410-419. 

9. Bohstedt, Grummer, and Ross, Wis. Bui. 

463. 

0. Wilford, Garrigus, and Barnhart, Ky. Bui. 577; 

Hanson, Baker, Baker, and Rumery, Nebr. 
Bui. 415. 

1* Elliott, Seath, and Bastin, Ky., Jour. Dairy 
Sci., 34, 1951, p. 505; Lassiter et al., Ky. 
Bui. 623; Huffman, Noller, and Williams, 
Mich., Proc. 9th Distillers Feed Conf., 1954; 
Morrow, Keener, and Teeri, N.H. Bui. 363- 
Slack and Turk, N.Y. Jour. Dairy Sci., 34, 
1951, p. 505; Krauss, Monroe, Hibbs, and 
Poimden, Ohio Bui. 674; Schabinger and 
Knodt, Penn., Jour. Anim. Sci., 7, 1948, pp. 
434-439; Williams and Knodt, Penn., Jour. 
Dairy Sci., 33, 1950, pp. 809-814. 

1. Loosli, Turk, and Morrison, N.Y., Jour. Dairy 

Sci., 35, 1952, pp. 868-873; Loosli and 
Warner, N.Y., Jour. Dairy Sci., 36, 1953, 
pp. 1135-1139. 

1. Garrigus, Ky. Bui. 564. 

L Black, Ellis, and Garrigus, U.S.D.A. and Ky., 
Jour. Anim. Sci., 4, 1945, pp. 158-163; see 
also: Ky. Rpt. 1944; Leinbach, Md. Bui. 
A-20. 

»• Turk and Berry, Md., Jour. Dairy Sci., 23 
1940, pp. 560-561. 

i. Wilford, Ky. Rpts. 1935, 1936, 1937. 

'. Insko, Ky. Cir. 46. 

>• Baker, N.Y., Cornell Vet., 31, 1941, pp. 13-16. 

'* Barton, Ness, and Crampton, Macdonald Col., 
McGill Univ., Canada, Tech. Bui. 3. 

». Plenke, Hawaii Bui. 95. 

. Temperton and Dudley, Harper Adams Util. 
Poultry Jour., England, 26, 1941, pp. 172- 
173; Richter, Bunger, et al., Biedermann's 
Zentbl., Abt. B, Tieremahr., 8, 1936, no. 
594-607. “ 

. Braude and Kon, England, Jour. Compar. 

Pathol, and Ther., 54, 1944, pp. 88-96. 

. Sure, Ark, Bui. 493. 

. N.H. Bui. 372. 

. Ritzman, N.H. Engin. Sta., Pub. 7; see also: 
Vedvik, Cravens, and Sunde, Wis. Bui. 509; 
Morimoto et al., Japan, Bui. Nat. Inst. Agr. 
Sci., G, 1954, No. 9, pp. 133—140. 

. Diamond, Secretary, Amer. Feed Manufactur- 
ers Assoc., information to the author; see 
also: Wherry. The Golden Anniversaiy of 
Scientific Feeding, 1947. 

, Richardson and Halick, Tex. Bui. 754; Halick 
and Richardson, Tex. Bui. 768; Richardson 
and Halick, Tex., Jour. Anim. Sci., 12 
1953, pp. 929-930. 

Reid, Warner, and Loosli, N.Y., Antibiotics in 
the Nutrition of Ruminants, Jour. Agr. and 
Food Chem., 2, 1954, pp. 186-192; Lassi- 
ter, Ky., Antibiotics as Growth Stimulants 
for Dairy Cattle, Jour. Dairy Sci., 38, 1954 
pp. 1102-1138; Braude, Wallace, and 
Cunha, Fla., The Value of Antibiotics in 
the Nutrition of Swine, Antibiotics and 
Chemotherapy, 3, 1953, pp. 271-291; 

Braude, Kon, and Porter, England, Nutr. 
Abstracts and Reviews, 23, 1953, pp. 473- 
495; Stokstad, Antibiotics in Animal Nu- 
trition, Physiol. Reviews, 34, 1954, pp. 25- 
51. 


179. Coates et ah, England, cited by Braude, ' 

Abstracts and Reviews, 23, 

180. Libby and Schaible, Mich., SciJlfe, 121, ,.95$, 

pp. 733—734; Waibel, Abbott, Bauma nn , 
and Bird, Wis., Poultry Sci., 33, 1954, pa . ^ 
1141-1146. . 

181. Bucy et ah. 111., Jour. Anim. Sci., 13, 1954, 

pp. 668-676. 

182. Pratt and Holdaway, Va. Bui. 326. 

183. Hackedom, Singleton, and Sotola, Wash. Buis. 

291, 351. ; v 

184. Knott, Murer, Hodgson, and Overholser, Wash. 

Bui. 362. V! ’ 

185. Heinemann, Wash. Sta. Cir. 84. 

186. Gordon, Cal. Leaflet 7. 

187. Clark, Utah Bui. 101. * 'V 

188. Kirk, Felton, Fulford, and Hodges, Fla. 1%L 

189. Kirk, Hodges, and Kelly, Fla. Rpt. 1956? 

190. Cunha et ah, Fla. Cir. S-ll. "ftp 

191. Ariz. Rpt. 19. 

192. Henke, Willett, and Marayama, 

193. Squibb and Salazar, ' Guatemala, Jour. 

Sci., 10, 1951, pp. 545-550. 

194. Bice, Hawaii Cir. 4. «* 

19 5. Atkeson and Anderson, Id. Bui. 150;-* 1 An 

Mass. Rpt. 1905; Hills, Vt. Rp 

also: Perkins and Monroe, Ohi6 ** ** 

196. Lindsey, Beals, and Archibald, Buj} ’ 1 

205; Holdaway, Va. BuL 243; KnC&cxig- ! 
son, and Ellington, Wash. BuL 270jJpse ajjin ] 
Walton and Bidwell, U.S.D.A. 

197. Heinemann, Ensminger, and Ham, tfwsil# BuL I* : 

543. gy a:, 

198. Woodward et al., U.S.D.A. BuL 127JL , Jj$ 

199. Grimes, Penn. Buis. 215, 230. **: ».**. ' *,f J rS 

200. Plenke, Hawaii BuL 6; de Alba, 

Cano, and Ulloa, Costa Rica, Turrla^®S^" 
1954, pp. 29-34. ' J 

201. Klein and Barlowen, Germany, Arch. 

fliigelk., 18, 1954, pp. 415-428. 

202. Noland, Brown, and Baugus, Ark. Farm Res., 

4, 1955, No. 2; Noland, Ford, and Ray, 
Ark., Jour. Anim. Sci., 14, 1955, pp. 860- 
865. 

203. Dix Arnold, Becker, and Neal, Fla. BuL 354, 

204. Ga. Rpt. 1938; Archibald, Mass. BuL 355; 

Garrett, Arm Id, and Hartman, N.J., Jour. 
Dairy Sci., 24, 1941, pp. 71-83. 

205. Copeland and Shepardson, Tex. Bui. 658; see 

also: Faires, Van Horn, Dawson, and 
Waugh, U.S.D.A. Cir. 811. 

206. Kemmerer, Harland, and Davis, Ariz. Bui. 218. 

207. Cal. Agr., 5, 1951, No. 6; Becker and Dix 

Arnold, Fla. Cir. S-40. 

208. Kemmerer, Harland, and Davis, Ariz. Bui. 218; 

Ariz. Rpt. 1951. 

209. Ariz. Rpts. 1949, 1950. 

210. Kirk, Felton, Fulford, and Hodges, Fla., BuL 

454; Peacock and Kirk, Fla., Jour. Anim. 

Sci., 14, 1955, p. 1120; Jones, Hall, Neal, 
and Jones, Tex. BuL 613; Tex. Bui. 724. 

211. Chapman, Kidder, and Plank, Fla. Bui. 531, 

212. Crown, Kirk, and Neal, Fla. Rpts. 1938, 1939. 

213. Cal. Rpt. 1936—38; Mehrhof and Rusoff, Fla. 

Rpts. 1938, 1939; Driggers, Davis, and 
Mehrhof, Fla. Rpt, 1947. 

214. Wallace, Combs, and Cunha, Fla. Rpt. 1953. 

215. Becker, Davis, Kirk, Dix Arnold, and Hayman, 

Fla. Bui. 423; Stanley, Ariz. Bui. 198; Ariz. 

Rpt. 1942. 

216. Baker, Fla. Cir. S-22; Baker, Fla. Rpt. 1953; 

Chapman, Kidder, and Plank, Fla. Bui. 531; 

Texas BuL 724, 



MISCELLANEOUS CONCENTRATES 


/JP^ unha et al ‘» Fla.. Rpts. 1949, 1950, 1952. 
.*T41?nggers^n d Mehrhof, Fla. Hjjts. 1951, 1952. 

219. ? DriggerSv Davis, and Mehrhof, Fla. Bui. 476; 

Glasscock et al, Fla.Cir. S-12. 

220. Ashbrook and Wilson, U.S.D.A., Farmer’s Bui. 

1133; Stanley, Bell, and Rigden, Ariz. Bui. 
185; Sullivan, Maharg, and Hughes, Cal. 

. .Exten. Cir, 166; Willett et al., Hawaii Tech. 

\ Bui. 7; fCy. Rpt. 1918; Allen, Md. Bui. 227; 
t M?Ehsmiager, Mass. Exten. Leaflet 188; Miss, 
f Bui 218; N.J. Rpt. 1945;. Robison, Ohio 
Bui 607; Thompson, Okla. Rpt. 1919; Ore. 
BUL 359; Hultz and Reeve, Wyo. Bui. 135. 

221. Willett et al., Hawaii Tech. Bui. 7. 

222. ^ Vestal, Ind., mimeo. rpt.; Eward, Culbertson, 
Jf* et al., Iowa Leaflet 6; Weaver, Mo. Bui. 247. 

» . Harper, Ind. Bui. 470. 

|Ienke, Hawaii Bui. 95; Draper, Hawaii Prog- 
< S2' 5 ress Notes 42. . 

Tomhave and Hoffman, Del. Bui. 251; Will- 

■ * man, McCay, Salmon, and Krider, N.Y., 
rkj J° ur ’ Anim. Sci., 1, 1942, pp. 38-40. 
H® r 'Cunha, Lindley, and Ensminger, Wash., Jour. 
Mr . Ahim. Sci., 5, 1946, pp. 219-225. 

Kempster, Mo., Poultry Sci,, 24, 1945, pp. 
BE 396-398; Kennard and Chamberlin, Ohio 
B|Ej&|fifeno. 'Bid. 228; Halpin, Holmes, and 
■■ ^lip^esliew. Wis. Bui. 443; Hammond, Fritz, 

K I^Hwestler, and Titus, Poultry Sci., 23, 1944, 

Ind. Bui. 413; Shrewsbury and Vestal, 

• IKp ..ImkL Bul. 489; Berry and Turk, Md., Jour. 
'”* , r‘«^liry Sci., 27, 1944, pp. 861-866; Hostet- 
, N.C., information to the author; Monroe, 

and Hayden, Ohio Bimo. Bui. 178; 

f mroe and Bachtell, Ohio Buis. 497, 532; 
bison, Ohio Spec. Cirs. 32, 39; Ikeler, 
^a^g^tah, mimeo. rpt.; Miller and Bearse, Wash., 
'^rWm Poultry Sci., 15, 1936, pp. 19-22; Schultze, 
m Elvehjem, Hart, and Halpin, Wis. Bul. 435; 
MacIntyre and Jenkins, Canada, Sc, Agr., 

32, 1952, pp. 559-567. 

229. Embleton, Ariz. Rpts. 1932, 1933; McCrary 
and Taylor, Mich. Quar. Bul., 26, 1944, No. 

3; Freeman and Brown, Mich. Quar. Bul., 

% 26, 1944, No. 3; Card, Mich., information 

to the author; Bartlett, N.J. Rpts. 1930, 
1931; N.J. Rpts. 1937, 1938, 1939; Skelley, 

N.J. Rpt. 1931; Monroe and Mahan, Ohio 
Bimo. Bul. 155; Monroe, Krauss, and Hay- 
den, Ohio Bimo. Bul. 174; Miller and 
Bearse, Wash., Poultry Sci., 15, 1936, pp. : 
19-22; Clark, West Va., information to the 
author. 

230. Burt, Bartlett, and Rowland, England, Jour. 

Daily Res., 21, 1954, p. 299. 

231. Cameron, Canadian Jour. Sci. Agr., 34, 1954, 

pp. 181-186. 1 

232. MacIntyre, Canadian Jour. Sci. Agr., 35, 1955, i 
pp. 168-174. 

233. Raimonde, Riv. Zootec., 14, 1937, pp. 77—84, 
114-116, 119-125. 

234. Anderson, Cal, mimeo, rpts. 

235. Jones, Ore. Cir. of Inf. 430. 

236. Guilbert and Weir, Cal. Agr., 5, 1951, No. 11. 5 

237. Murdock, Hodgson, Blosser, and Shaw, Wash., 
Jour. Dairy Sci., 35, 1952, p. 503. 

238. Henke, Hawaii Cir. 2; Henke and Goo, Ha- 
waii Sta., Anim. Husb. Div. Progress Notes 5 
No. 13; Henke, Work, and Burt, Hawaii 


Bul. 85; see also: Becker, Davis, Dix Arnold, 
and Marshall, Fla. Rpt. 1950. 

I Dickey, Highlands, and Getchell, Me. Bul. 491; 
Dickey, Me. Bul. 483; Turk, N.Y., informa- 
tion to the author. 

). Wokes, Still, and Organ, Jour. Min. Agr., 
Great Britain, 49, 1942, pp. 18-21. 

l. Stanley, Ariz. Bul. 198; Connell, Tom, and 
Wheeler, Colo. Tech. Bul. 37; Johnson, Id. 
Bul. 251; Harris, Nebr. Rpt. 59. 

5. Ariz. Rpt. 1945; Hughes and Heitman, Cal 
Bul. 709; Connell, Tom, and Wheeler, Colo. 
Tech. Bul. 37; Gerry, Me. Bul. 535; McMil- 
lin, Brown, and Luecke, Mich. Quar. Bul., 
30, 1948, No. 4; Heuser, Scott, and Norris, 
N.Y. (Cornell) Rpt. 1948; Heuser, Scott, 
Eskew, and Edwards, N.Y., Poultry Sci., 
30, 1951, pp. 672-678; Longwell and Bu- 
chanan, N.D. Bimo. Bul, 7, 1945, No. 6; 
Woodman and Evans, Jour. Agr. Sci., Eng- 
land, 33, 1943, pp. 1-14. 

i. Dickev, Me. Farm Res., 2, 1955, No. 4; Dickey, 
Me' Bul. 539. 

Gerry, Me. Bul. 535; see also: Fangauf, Ger- 
many, Archiv. Gefliigelk, 17, 1952, pp. 27- 
29 

Miller, Cal. Bul. 431. 

. Kratzer and Williams, Cal. Agr., 5, 1951, No. 
4. 

. Hughes and Ittner, Cal Exten. Cir. 15; Folger, 
Cal Bul. 635; Ore. Bul 401. 

. Miller, Cal Bul 431. 

. Folger, Cal Bul 635; Willman and Morrison, 
N.Y. (Cornell) Sta., unpublished data. 

. Adams et al, III Jour. Anim. Sci., 14, 1955, 
pp. 1191-1192. 

. Firth and Johnson, III, Jour. Agr. and Food 
Chem., 3, 1955, pp. 795-796. 

. Briggs et al, Okla. Tech. Bul T-28. 

. Frye, Thomason, and Henderson, Ga., Jour. 
Dairy Sci., 31, 1948, pp. 341-346; Frye, 
Hawkins, and Henderson, Ga., Jour. Dairy 
Sci, 31, 1948, pp. 897-903; Massey, Denny, 
and Southwell, Ga. Cir. 156; Henke and 
Morita, Hawaii Rpt. 1948-50; Seath, Rusoff, 
Miller, and Branton, La. Bul 423; Grinnells, 
Moore, Waugh, and Colvard, N.C. Res. in 
Farming, 8, 1950, No. 4; Lease and Mit- 
chell, S.C. Bul 329; Copeland, Tex. Rpt. 
1941; Mather, Linkous, and Eheart, Va., 
Jour. Dairy Sci., 31, 1948, pp. 569-576. 

Grimes, Ala. Rpts. 1941, 1942; Kidder, Fla. 
Bul 456; Ga. Coastal Plain Bul. 45; Single- 
tary, McCraine, and Berwick, La. Bul 446 ; 
CulUson, Miss. Farm Res., 5, 1942, No. 7; 
Darlow et al, Okla. Bul B-342; Duncan, 
Tenn. Rpt. 1942; Tex. Bul 724. 

Massey and Buice, Ga. Bul 236. 

Grimes, Ala. Rpt. 1941; Ga. Coastal Plain 
Bul 36; Singletary, La., Jour. Anim. Sci., 
7, 1948, p. 533; Bedenbaugh, Miss. Farm 
Res., 5, 1942, No. 7; N.C. Rpt. 1943; 
Thompson, Okla. Bul 296; Godbey, Mit- 
chell, and Starkey, S.C. Rpt. 1947. 

Driggers, Mehrhof, and Davis, Fla. Rpt. 1948; 
Tillman and Davis, La. Bul 358; Miss. 
Rpt. 1943; Dearstyne, Peterson and Nesbit, 
N.C. Res. and Farming, 3, 1944, No. 1. 

Tomhave, Del Buis. 172, 179; Hays, Del 
Bul 124. 


1 


(II 


<1 I 





CHAPTER XXIV 

MANURIAL VALUE OF FEEDING STUFFS 


985. Importance of manure in main- 
taining fertility. — One of the great ad- 
vantages of livestock farming is that the 
use of farm manure makes possible the 
maintaining and building up of soil fer- 
tility at minimum expense. Unless the 
plant food removed by the growth of 
crops is returned in some form, the land 
will sooner or later become so poor that 
profitable crops cannot be grown. 

When proper use is made of farm 
manure, most of the plant food contained 
in the crops fed to stock is returned to 
the fields. If, in addition, legumes are 
grown regularly in the crop rotation to 
help in supplying nitrogen, the soil fer- 
tility can then be built up with but mini- 
mum use of commercial fertilizers. 

986. Farm manure as a fertilizer. — 
Farm manure, like commercial fertilizers, 
is valued chiefly on the basis of the nitro- 
gen, phosphorus, and potassium it con- 
tains. These fertilizing constituents and 
calcium are the only plant foods that or- 
dinarily need be replaced of those which 
are removed from the soil by crops. 

In addition to the amounts of plant 
food it furnishes, farm manure also has 
other beneficial effects. The large quan- 
tities of organic matter it contains add 
to the humus content of the soil, thus 
increasing its water-holding capacity, im- 
proving the texture, and making it more 
resistant to wind action. In the decay of 
the organic matter, acids are formed that 
help to dissolve plant food in the soil that 
would otherwise be insoluble. A good 
supply of organic matter in the soil is so 
important that when farm manure is not 
available, special green manuring crops 
are often grown and plowed under, 
solely to furnish organic matter. 

Manure also has a beneficial effect 
because of the great numbers of various 
kinds of bacteria that it contains. These 
cause chemical changes not only in the 


manure but also in the soil itself, cha 
ing insoluble plant food into forms avail- 
able to crops. 

Experiments have shown that the 
fertilizing constituents present in manure 
when it is applied to the land have fuilu ’ 
as high a value as those in high-grade 
commercial fertilizers. The cost of nitrt^Sf^ 
gen, phosphorus, and potassium in com^ai 
mercial fertilizers varies considerably, Jp. 
depending on the type of fertilizer 
the section of the country. In this chap- ***** 
ter the following prices are used in com- 
puting the fertilizing values of feeds and 
farm manures: Nitrogen, 15 ce^ips per 
pound; phosphoric acid, 10 cents per 
pound; and potash, 5 cents per pound. 

The amount of phosphorus in a com- 
mercial fertilizer is commonly expressed 
in terms of phosphoric acid (P 2 O r> ), in- 
stead of phosphorus (P). On the other 
hand, in animal nutrition and livestock 
feeding, the amount of the mineral is 
now generally expressed as phosphorus . 
Similarly, the amount of potassium in fer- 
tilizers is usually expressed in terms of 
potash (K 2 0), instead of potassium (K), 

The preceding prices for phosphoric 
acid and potash are equivalent to 22.9 
cents per pound for phosphorus and 6.0 
cents per pound for potassium. 

987. Fertilizing constituents re- 
covered in manure. — The fertilizing con- 
stituents in manure come entirely from 
the feed consumed, for an animal creates 
no fertility value. It merely excretes in 
the feces and urine a greater or less per- 
centage of the nitrogen, phosphorus, and 
potassium that is contained in the feed 
it eats. The value of the manure therefore 
depends, first of all, on the kind of feed 
the animal gets. Only feeds rich in fer- 
tilizing constituents make rich manure. 

The proportion recovered in the ma- 
nure of the fertilizing constituents that 
the feed contains, depends on the age 
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°* an * ma ^ ^ mature animal 
aS ^ wor ^ horse) which is not 
gaining in weight and which is hot preg- 
nant or producing milk, will excrete in 
feces and urine all the fertilizing con- 
stituents in its feed, with the exception 
of the nitrogen used in the growth of 
hair or wool and the small amounts of 
' ' , VJizing constituents contained in the 
oweat. Therefore such an animal will ex- 
crete in feces and urine practically all 
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the nitrogen in their feed, and 2-year-old 
fattening steers about 87 per cent. 1 

Because of the richness of milk in 
nitrogen and in phosphorus, when dairy 
cows producing a good yield of milk are 
fed the usual types of rations they will 
excrete in feces and urine only about 70 
per cent of the nitrogen in their ration 
and 63 per cent of the phosphorus. 2 The 
proportion of potassium is considerably 
higher, being about 86 per cent. 



Saving the Fertility in Feeding Stuffs 

If possible, the manure should be drawn directly to the field and spread each day. 
However, this is not advisable on sloping land in winter when there is deep snow on the fields. 
(From New Idea Farm Equipment Company.) 


the nitrogen, phosphorus, and potassium 
there is in its ration. 

On the other hand, a young growing 
animal in building its body will store a 
considerable proportion of the fertilizing 
constituents there are in its feed. A calf 
a few weeks old may store fully two- 
thirds of the nitrogen and mineral matter 
there are in the milk and other feed it 
consumes. As an animal grows older, the 
proportion of the nitrogen and mineral 
matter that is stored in growth rapidly 
decreases, and the proportion excreted 
in the manure correspondingly increases. 
Thus, 5-month-old calves will excrete in 
the manure about 70 to 80 per cent of 


Considering the proportion of the 
various classes and ages of animals on 
the average general farm, probably about 
80 per cent of the fertilizing value of 
all the feed consumed is excreted in the 
feces and urine. On dairy farms, where 
most of the animals are cows in milk, 
the percentage will be somewhat lower. 

988. Fertility and manurial value 
of feeds. — In buying or selling feeds, too 
few farmers consider their value as fer- 
tilizers as well as the feeding value. The 
amounts of fertilizing constituents in the 
important feeds are given in Appendix 
Table I. To bring out certain points, 
there are presented in the following table 
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these data for a few typical feeds and 
also data for certain animal products. 
The fertility value of each has been 
computed at the prices for nitrogen, 
phosphorus, and potassium given previ- 
ously. 

The last column gives the average 




potassium removed from the soil I 

ton of corn would cost about $5.i(Tif ^ 


bought in commercial fertilizers. The ma- 
nurial value of corn grain is $8.5$) per 
ton, which means that the manure re- 
sulting from feeding a ton of th& grain 
to stock will, on the average/ supply 
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manurial value of the various feeds. This about $3.20 worth of fertilizing constit- 
has been computed on the assumption uents, if proper care is taken of. the laa- 
that when proper care is taken of the 


nure. 


Fertilizing constituents in feeds and in animal products 


Concentrates 

Corn, dent. No. 2 

Oats 

Barley 

Wheat bran 

Soybeans 

Linseed meal 

Cottonseed meal, 41% protein 
Tankage, digester, 60% protein 

Roughages 

Alfalfa hay 

Clover hay, red 

Timothy hay 

Oat straw 

Corn silage, well matured 

Animal products 

Fat steer 

Fat pig 

Milk 

Butter 


Fertilizing constituents 


Nitrogen 


Per cent 


1.39 

1.92 

2.03 

2.62 

6.06 

5.63 

6.66 

9.50 


2.45 

1.92 

1.06 

0.66 

0,37 


2.56 

2,32 

0.56 

0.14 


Phosphorus 


Per cent 


0.27 

0.33 

0.40 

1.29 

0.59 

0.86 

1.11 

3.23 


0.24 

0.20 

0.14 

0.09 

0.07 


0.59 

0.37 

0.10 

0.02 


Potassium 


Per cent 


0.29 

0.43 

0.49 

1.23 
1.50 

1.24 
1.4S 
0.46 


Fertility , 
value 
per ton 


Dollars 


1.97 

1.65 

1.59 

2.00 

0.30 


0.14 

0.13 

0.14 

0.01 


5 , 76 ’, 
7.79- 
8.51 
15.24 
22,68 
22,32 : 

26.84 

43.85 



3.2 
4.;\ , 

" ”4,74 • 
fe* 9.10 
Jr 3 12.24 
12.24 
14.79 
24.99 


10.81 

8.66 

5.73 

4.79 

1.79 


10.55 

8.81 

2,31 

0.52 


tlO - 


4.91 

3,38 

2.96 

1.03 




manure, there can be recovered in the 
manure for application on the land an 
average of 70 per cent of the phosphorus 
and potassium and 50 per cent of the 
nitrogen contained in the feed. These 
estimates take into consideration the fact 
that some losses of fertilizing constit- 
uents, especially of nitrogen, occur in the 
storage and application of manure, even 
when the precautions are taken which 
are mentioned later. Obviously, these 
manurial values hold good only when 
the manure is handled properly. 

The table shows that the fertility 
value of corn grain is $5.76 per ton. This 
means that the nitrogen, phosphorus, and 


The fertility values and the manurial 
values are somewhat higher for oats and 
barley than for corn, because these grains 
contain more nitrogen, phosphorus, and 
potassium than does com. The values for 
the protein-rich feeds, such as soybeans, 
linseed meal, cottonseed meal, and tank- 
age, are high, because of their richness 
in nitrogen and also in minerals. If leg- 
ume crops, such as soybeans, are prop- 
erly inoculated, the amount of fertility 
removed from the soil is much less than 
indicated by the fertility value of the 
crop. This is because most of the nitro- 
gen will have been secured indirectly 
from the air, instead of from the soil. 
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suc h protein-rich feeds as cot- 
%tlped meal, linseed meal, and tankage 
^are purchased and fed to stock and 
"Wj prop# care is taken of the manure pro- 
Jp duced, a double return is secured. The 
IE first return comes from the high feeding 
1 S value of tjjese protein supplements, and 
4 M sec$jfti comes from the fertility added 
w >/I ie* soil. 

Bf The fertility value of legume hay is 
sjf^feiuch greater than that of grass hay, be- 
j jSbause of>its richness* in protein. It is im- 
Mteortant to; note that when the hay is fed 
M stoc ^ proper care is taken of the 
Jj^ knure, each ton of red clover hay will 
worth of plant food to the soil 
, jKipd .eaSFtdh of alfalfa hay, $6.10. 

Jmm Z * Selling fertility. — The preced- 

table also shows that farmers who 
| such crops as hay, corn, and wheat, 

I " part wi^jb more fertility for a given sum 

P than tj&Mhose who sell animals or their 
| produceM’he farmer who sells 1,000 lbs. 
E of clovel hay, worth $10 to $12, parts 
!% with about as much fertility as if he had 
Ly sold 1,006 lbs. of fat cattle or pigs, worth 
20 times as much. Based on the 
price, milk carries considerable 
^fertility from the farm and butter prac- 
tically none. 

The farmer who grows and sells 
grain, hay, and straw is selling a large 
amount of fertility, the need of which 
will surely be apparent as time goes on 
and his fields give smaller and smaller re- 
turns. Such a farmer is slowly but surely 
mining phosphorus and potassium from 
his soil, which can be replaced only by 
some purchased material. 

In Great Britain, where many of 
the farmers are long-period tenants, the 
manorial value of feeding stuffs is recog- 
nized by law. When a tenant vacates his 
leasehold, he is paid for the manurial 
value of feeds which he has recently pur- 
chased and fed on the farm, and, under 
certain conditions, for the manurial value 
of grain produced on the farm and fed to 
stock. Similar provisions should be 
drafted into farm leases in this country. 

990. Buying fertility in purchased 
feeds. — Even in livestock farming where 
little or no grain or roughage is sold and 
when proper care is taken of the ma- 


nure, not all of the fertility in the crops 
is returned in the manure. The growth of 
legumes will aid in maintaining the nitro- 
gen supply in the soil, but under actual 
conditions on most farms, supplying ad- 
ditional nitrogen in manure or fertilizer 
will increase crop yields. 

Sooner or later in practically all 
cases it is necessary to replace the small 
but steady loss of phosphorus and po- 
tassium. In purchasing feeds, one should 
therefore consider not only their feeding 
value but also their worth as fertilizers. 
By a wise selection of purchased concen- 
trates, the livestock farmer can build up 
the fertility of his farm without the use of 
any commercial fertilizers, except lime to 
correct soil acidity and probably phos- 
phate to balance the farm manure, which 
is ordinarily much richer in nitrogen 
than in phosphorus. 

To determine which feeds are the 
cheapest when consideration is given to 
the manurial value, one should deduct 
the manurial value per ton from the gross 
price. 

For instance, in an example given in 
Chapter X of the method for determin- 
ing which feeds are the cheapest sources 
of total digestible nutrients and of di- 
gestible protein, it was assumed that a 
dairyman had ground corn available on 
the farm at a price of $52.00 per ton. 
(388) Among the protein supplements 
he could purchase on his local market 
was cottonseed meal (41 per cent pro- 
tein grade) at $70.00 per ton. 

If we deduct the manurial value of 
cottonseed meal per ton (which is 
$14.79) from the purchase price the net 
cost per ton would be only $55.21 per 
ton. Similarly, deducting the manurial 
value of corn ($3.20 per ton) from the 
price, the net cost would be $48.80 per 
ton. Thus, at these prices the net cost of 
cottonseed meal is only $6.41 more per 
ton than that of corn, if proper credit is 
given for the difference in the manurial 
values of the two feeds. 

991. Composition and value of 
fresh manure. — The value of farm ma- 
nure produced by animals of the same 
kind varies rather widely, depending 
chiefly on the nature of the feed sup- 



plied. However, it is desirable to have an 
a PP rox l mate Idea of its general composi- 
tion. 

Mixed fresh farm manure from dairy 
farms, including bedding, contains an 
average of 10 to 12 lbs. of nitrogen, 5 
lbs. of phosphoric acid (equivalent to 
2.2 lbs. of phosphorus), and 10 lbs. of 
potash (equivalent to 8.3 lbs. of po- 
tassium) per ton. With these fertilizing 
constituents at the prices stated previ- 
ously, average farm manure has a value 
of $2.50 to $2.80 per ton. 

The average composition of fresh 
manure (including bedding, except in 
the case of hen manure) for the various 
classes of farm stock is shown in the fol- 
lowing table. 3 The last column shows 
the average value per ton of the various 
kinds of manure. The table also shows 
the composition of dry floor-litter hen 
manure, as accumulated in a laying 
house. 
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ble to have an swine, 18 tons; and poultry, oniy^’^Xl 
leral cnmnnd- trmc . ? 


swine, io tons; ana poultry, omywAJ| 
tons. jb • 

Under usual farm conditions # much 
of the manute is not voided in the "srable. j 
That which is excreted by stock on pas* 
ture or by horses working in the fields is 
commonly well utilized, but a consider- 
able loss occurs through the - amounts 
voided in exercise paddocks or by *hc%es * 1 
on the road. 

In Ohio studies it was estimated th**/* ' 
the following amounts, of manure, ready 
for field application, were produced pgt 
head by farm animals in a year, exclud'd 
ing that voided while the animals we»|^ 
in the yards or at work; 5 Horses, 
tons; fattening cattle, 7.8 tons; sheep 
0.75 ton; and hogs, 1.7 tons. 

In studies on Illinois dairy farms* i*fl? 
was found that 6.6 loads of manure (;., '|L 
eluding bedding) were actually re- * 
covered annually per mature cattjp unit 0 
For work horses and mules the amount 


Average composition of manure from farm animals 

Water Nitrogen Phosphorus Potassium Value 

Per cent Lbs. per ton Lbs. per ton Lbs. per ton Dollars per ton 


Dairy cows 79 10.7 2.1 9.4 2.6®* 

Fattening cattle 78 14.6 4.2 9.2 3.70 

Sheep 64 21.5 6.3 22.0 5.99 

Horses 59 14.0 2.2 12.8 3.37 

Swine .74 9.8 3.0 7.8 2.63 

Hens (without litter) 76 22.6 7.6 7.6 5.59 

Hens ( dry floor-litter manure ) .. 25 45.2 22.8 20.4 13.23 


The manure from horses, sheep, and 
hens is much drier than that from cattle 
or swine, and therefore is especially apt 
to heat unduly in storage, on account of 
rapid fermentation. These manures are 
often called “hot manures,” in contrast 
to manures from cattle and swine, which 
are termed “cold manures.” 

992. Manure produced yearly. — 
The amount of manure (including bed- 
ding) produced yearly by any class of 
stock will vary considerably, depending 
chiefly on the liberality of feeding and 
the amount of bedding. When all the 
manure is saved, approximately the fol- 
lowing amounts of manure, including 
bedding, are produced per 1,000 lbs. live 
weight by the various classes of stock: 4 

cattle, 
9 tons; 


actually hauled to the fields was 5.45 
loads per head annually. 

In other Illinois studies when beef 
cattle were fattened in paved feed lots 
with adjacent sheds, the amount of ma- 
nure recovered per head was 0.23 to 0.30 
ton per month for fattening calves and 
0.45 to 0.51 ton per month for year- 
lings. 7 

993. Importance of saving urine. — 
In preventing losses of fertilizing value 
in farm manure, one of the most impor- 
tant points is to use sufficient bedding to 
absorb the urine. In the case of cattle 
and sheep, the urine may contain fully 
one-half of the nitrogen in the total ex- 
crement and three-fourths of the potas- 
sium.® Even for horses and swine, one- 
third of the nitrogen and two-fifths of 
the potassium are in the urine. Practically 
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' t^osphorus an< ^ calcium is in 

«th3SleJ xce P t * n case sw * ne > 
which ete a ^ out 12 per cent of the 

phospj to th e urine. ' ■ 

p ror pound, the urine has a 
fertilizing value than the feces, 
excef®' swine, whose urine is large 
• in cr^’ an< ^ watery. The fertilizing 
its in the urine are also in solu- 
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«K hence much more readily avail- 

plants than those in the feces. 
SR ^^pBs consist chiefly of food residues 
P» . re too insoluble to be digested. 

ts obvious that much fertility is 
^^^^li'the urine drains away from the 
.^laSie, because of insufficient bedding 
Ba nd. '-gut ter s that are not water-tight. Also, 
||jthjre is usually a heavy loss of fertility 
Wpn exercise paddocks. 

I 994. Bedding, or litter. — Bedding, 
* dr litter, not only keeps stabled animals 
clean comfortable, but it is also very 
important to absorb the urine. In addi- 
tion, it increases the content of organic 
matter, it may supply significant amounts 
plant food, and it makes the manure 
•easjpr to handle. ' 

* Straw is the most common bedding 
material on most stock farms. If it is not 
too coarse, straw will absorb 2 to 3 times 
its weight of water, or even more. 9 Un- 
less straw is very coarse, as is the case 
with rye straw, chopping does not in- 
crease its water absorbing capacity very 
much. For bedding dairy cows, it may 
require a larger weight of cut straw than 
of long straw, as the latter stays in place 
better. 10 The amounts of fertilizing con- 
stituents in various kinds of straw are 
shown in Appendix Table I. 

From 4 to 8 lbs. of straw per head 
daily are usually sufficient for dairy cows 
in stanchions, if the platforms are of the 
proper length. Considerably more is 
needed when cows are housed in a loose 
stable. ( 1089 ) In Illinois tests 4 to 5 lbs. 
per head daily of straw were needed for 
1,000-lb. fattening steers which were 
fed in open sheds that were cleaned once 
a month. 11 Twice as much was needed 
when cattle were kept in single stalls 
that were well-bedded and cleaned once 
a day. 

When stock are fed shredded or cut 


dry corn or sorghum stover or fodder , 
the coarser parts that are refused make 
satisfactory bedding. If not needed for 
feed, finely-shredded stover makes excel- 
lent bedding, nearly equalling straw in 
water-absorbing capacity. 

When these farm-produced bedding 
materials are not available, either wood 
shavings or sawdust are used most com- 
monly as the substitute. These wood by- 
products, especially from hardwood, 
often have a somewhat lower absorptive 
capacity per pound than straw. Shavings 
and sawdust add very little fertility to 
manure, and they do not decompose 
rapidly in the soil. A much greater 
weight of shavings is required than of 
straw for bedding dairy cows. In Indiana 
tests more than twice the weight of shav- 
ings was needed. 12 

When manure contains a large 
amount of sawdust or shavings, or even 
of straw, in proportion to the amount of 
excrement, a temporary deficiency of 
available nitrogen may be produced in 
the soil. This is because much of the ni- 
trogen in the manure is assimilated by 
soil bacteria in the decomposition of the 
material, and then converted into forms 
that are only slowly available to plants. 
This effect can be prevented by supple- 
menting such manure with a readily- 
available nitrogen fertilizer. Except for 
this effect, the use of any ordinary 
amount of sawdust or shavings for bed- 
ding is not detrimental to crops. 13 

Portable machines have recently 
been developed by means of which waste 
limb wood or brush is chipped fine 
enough for bedding. Chipped wood was 
satisfactory bedding for dairy cows in 
Indiana and New York tests, but a 
greater weight was needed than of shav- 
ings. 14 

Ground corn cobs, ground in a 
hammer mill with a five-eighths inch 
screen, were satisfactory bedding for 
dairy cows in Indiana tests. 15 It required 
over 3 times the weight of ground cobs 
as of straw. 

Dry peat moss absorbs 5 to 10 times 
its weight in water, is a good deodorant, 
and is excellent for bedding, but it is 
usually expensive. It is especially good 


furs 
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for calf pens. Cows may become stained 
if the same peat moss is used in the stall 
too long. Contrary to claims sometimes 
made, peat had no inhibiting effect on 
the development of flies in the manure 
in tests by the United States Department 
of Agriculture. 15 

Cocoa shells are sometimes used for 
bedding and have about the same ab- 
sorbing capacity as straw. 10 They are a 


./•* ■ ■ «JT 

small amounts q£ fragments of Q *| j 
peanut kernels still left in th$?§b ‘ 
Buckwheat hulls have ^j-he 
same absorptive capacity as shavi^ 
they are rather hard to keep in pf Qr 
dairy-cow bedding, 18 They son i0S 
lodge between the toes of cattle, 
ing infection. It is not safe to bed^ s 
with buckwheat hulls, for they ojftq ' 
them, which is apt to cause ind^.ge : 



Such Losses of Fertility Occur on Many Farms 


When manure is loosely piled under the eaves, heavy losses of fertility occur through 
fermentation and leaching. Note that every hard rain will leach fertility from the manure pile 
to the ditch in the foreground. (From Wisconsin Station.) 


good deodorant but are difficult to keep 
in place in dairy stables, and they pack 
hard. 

Peanut hulls , or shells, are some- 
times used for bedding. The unground 
hulls have about the same water-absorb- 
ing capacity as sawdust or shavings. 
However, in dairy stables, peanut hulls 
do not stay under the cows so well as 
shavings or straw. 17 They are also in- 
clined to stick to the hair on the udders. 
In the production of sanitary milk, cows 
bedded with peanut hulls may therefore 
require more brushing than those bedded 
with straw or shavings. In the summer, 
peanut hulls may attract flies, because of 


Oat hulls may likewise be used for 
bedding, but they have the same disad- 
vantages as buckwheat hulls and are 
dusty for use in dairy stables. They are 
excellent, however, as poultry litter. 

995. Reducing the losses in farm 
manure. — In spite of the value of farm 
manure, many farmers who freely pur- 
chase commercial fertilizers allow much 
of the value of the manure produced by 
their livestock to be wasted. Manure is 
a perishable product, and unless proper 
care is taken over half its value may be 
lost The losses occur through: (1) Loss 
of urine; (2) loss by leaching; and (3) 
loss of nitrogen by fermentation. 
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' ma J lure P^ e against the side of 

^<ffi$barn £$id under the eaves, or manure 
"Tying for months. in an open barn yard, 
is a sight all too common. When manure 
is thus ^exposed to the leaching action 
of rains, the losses are great* even 
amounting to half of the total value in 
'$Wod^®f\3S to 5 months. Unfortunately, 
rf^loss -falls on the constituents which 
are n|S|pt soluble and therefore most 
quickly available to plants. 

When manure is stored, the mass 
must be y well packed and kept damp, or 
£ot fernientation will occur, in which a 
£ge part of the nitrogen may be lost. 


manure becoming grayish or dusty in 
appearance. This change, which is 
brought about by certain molds, causes 
serious losses or nitrogen. Phosphorus 
and potassium are not lost through fer- 
mentation, but heavy losses of these 
minerals may occur through leaching. 

To reduce the losses of fertility in 
manure to the minimum, first of all, the 
urine should be saved by having tight 
gutters and using plenty of bedding. 
When possible, the manure should be 
drawn directly to the fields and spread 
each day. This is not advisable, however, 
in winter on very sloping land when 



The Result of Allowing Manure to Waste Away 

When manure is allowed to waste away as in the illustration on Page 570, not only is 
much of the weight of the manure lost, but that which remains contains much less fertility 
per tor#- than fresh manure. The pile of corn at the left was grown on a plot fertilized with 
manure which had been exposed to the weather over winter. The large pile at the right was 
grown on a plot fertilized with the same amount of fresh manure. ( From Wisconsin Station.) 


In this process there is a rapid formation 
of ammonia from the nitrogenous com- 
pounds, and much of this ammonia es- 
capes as gas into the air. The strong 
smell which is very noticeable in unven- 
tilated horse stables is due to this es- 
caping ammonia gas, produced by the 
breakdown of nitrogenous compounds 
in the urine. In still other changes which 
may take place, free nitrogen gas may 
be formed, which is likewise lost into the 
air. 

When the pile of manure is well 
packed and is kept damp, these changes 
cannot go on, but only the decay which 
makes the plant food more available and 
produces what is termed 'well-rotted 
manure.” If the manure is very loose 
and dry, "fire fanging” may occur, the 


covered by deep snow, as much fertility 
may wash down the hill in the spring. 
Even when the fresh manure is spread 
daily on the fields, a heavy loss of nitro- 
gen may occur if it is not soon plowed 
under or disked under. 

Adding superphosphate (acid phos- 
phate) to the manure greatly decreases 
the losses of nitrogen, no matter whether 
it is spread at once or whether it is prop- 
erly stored. Also, since manure is much 
richer in nitrogen than in phosphorus, 
the phosphorus fertilizer usually increases 
crop yields considerably. Caustic forms 
of lime, such as hydrated lime, increase 
the loss of nitrogen in the form of am- 
monia from manure that has fermented, 
but may be used daily in the gutter 
without detrimental effect. 



FEEDS AND FEEDING 


:1 


■.lit 


When manure cannot be spread at 
once on the land, it should be stored un- 
der cover, if possible, and in well-packed 
piles which are kept moist to prevent 
hot fermentation. The shed or pit should 
preferably have a concrete floor, to pre- 
vent any draining away of liquid. It is 
an excellent plan to mix the manure from 
horses, sheep, or poultry (which is 
drier), with the cattle or pig manure 
(which contains more water). 

The value of manure is well pre- 
served when a deep layer is allowed to 
accumulate in a well-bedded stable in 
which stock run loose. The layers of ma- 
nure under the surface are thoroughly 
packed by the animals and are kept 
damp, so the loss of nitrogen is reduced 
to a minimum. 

When it is necessary to leave ma- 
nure outdoors, the pile should be built 
with the sides perpendicular and the top 
should be flat or sloping slightly toward 
the center, so that all rain will soak into 
the pile instead of draining off as from 
a stack of hay. It is impossible to pre- 
vent all waste when manure is stored, 
but under proper management not over 
25 to 30 per cent of the nitrogen and 
practically none of the phosphorus and 
potassium will be lost. 

In some European dairy districts 
large concrete tanks are used for hold- 
ing the urine and solid feces, not in- 
cluding bedding. Here the contents can 
be stored without appreciable loss of ni- 
trogen. The mixed contents are pumped 
into tanks, somewhat like a street sprin- 
kler, and distributed on pasture fields 
grazed rotationally, after the stock have 
finished grazing a plot. This method is 
used to some extent in certain areas of 
this country, especially in the Pacific 
Northwest. It is very efficient in con- 
serving fertility, but requires additional 
labor. 19 

QUESTIONS 

1. How are the fertilizing values of feeding 

stuffs and of farm manures computed? 

2. What beneficial effects does farm 

manure produce in the soil in addition 

to the plant food it supplies? 

3. About what percentage of the fer tiliz ing 


constituents^ in their feeds do mffire 
work horses* (not pregnant or nuUmg\ 
foals) void in the manure; yctung^ 
calves; dairy cows? 

4. Give examples of feeds which are high „ 

and of others which are low in fer- 
tility value. 

5. How is the manurial value of a feed 

computed? ' 

6. A farmer who intends to fatten * 

steers has on his farm sh^lj^l. corn 
corn silage, and clover hay. To pro- 
vide a well-balanced ration, he sell 
10 tons of corn and buys as mui A 
cottonseed meal as he can with ff- fj 
proceeds. Using local market price 
and assuming that the feeding valtiM' ' 
of the cottonseed meal is enough 
greater than that of the corn to jppy 
ror hauling, find the gain or loss ‘in 
manurial value from the exchange.' -jf-] 

7. Compare the fertility lost in selling A 

ton of corn; a ton of fat pigs; a tot . 
of butter. 

8. What are the average amours of fe r 

tilizing constituents in a ton of mixe* 
fresh farm manure? 

9. Discuss the differences in compositio 

and value of manure from horse 
dairy cows, fattening cattle, sh~;p, 
swine, and poultry. 'fj§|t ’ 

10. What are “hot manures’" and “cold 

manures”? 

11. About how much manure, including 

bedding, is produced per head an- 
nually by horses; by dairy cows; by 
sheep; by hogs? 

12. Why is it important that the urine be 

saved? 

13. What kinds of bedding are used for 

stock in your district? 

14. Discuss the losses that occur in farm 

manure and tell how it should be 
handled to reduce the losses to a 
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PART III 

FEEDING FARM ANIMALS 


CHAPTER XXV 

GENERAL PROBLEMS IN DAIRY HUSBANDRY 


irl! 


I. Factors Determining the 
Efficiency of Dairy Cows 

996, Economy of food production 
by dairy cows. — It is highly important 
for the health and well-being of humans 
that they have an abundant supply of 
milk and other dairy products. This is 
because the great nutritive merits of 
milk put it in a class by itself as a human 
food. (269) Fortunately, dairy cows not 
only excel in the nutritive value of the 
food they produce for us, but they also 
excel in the economy with which they 
produce this unrivalled food. 

It has been shown in Chapter XII 
that dairy cows even surpass swine, our 
most efficient meat producers, in the 
efficiency with which they convert the 
digestible nutrients in the feed they eat 
into energy in food for human beings. 
(351-352) 

The chief nutritive merit of milk is 
not, however, the energy it furnishes, but 
the rich store of the nutrients that we 
need to make good the deficiencies in 
our cereal foods. We need milk's abun- 
dant supply of highest quality protein, 
its high vitamin A value, its content of 
other vitamins, its richness in calcium, 
and the especial value of the milk sugar 
in our diet. (353) Considering all these 
factors, the dairy cow may well be called 
“the foster mother of the human race," a 
title which was apparently first bestowed 
on her by W. D. Hoard of Wisconsin. 

When we compare the economy of 
milk production by the dairy cow with 
meat production by beef cattle, sheep, or 
poultry, the efficiency of the cow is strik- 


ing. For example, good dairy cows yiel|| 
in their milk, per acre of crops ea%ni 
over 5 times as much energy and nearly 3 
4 times as much protein as is contairtJd 
in the beef made by steers frdm the 
same amount of feed. 1 ! igjj^ ^ 

997. High producers are,t«BF 
cal producers. — One of the mo^Jf 
tant facts in dairying is that hig|f produc- 
ing cows are almost always mfch more 
economical producers of milk and butter- 
fat than are low producers. Also, JfT“ ’ ? 
turn over feed costs is much greaterh^# 
high producers. These facts are ^11. 
shown by the table on the next page. In 
this table data for cows completing rec- 
ords of production in dairy-herd#nprove~ 
ment associations during 1952fl in this 
country, are grouped according to the 
level of production. 2 

For the dairyman, the most impor- 
tant fact shown by the table is that the re- 
turn over feed cost steadily became 
greater as the yield of milk and fat in- 
creased. This was true even at extremely 
high levels of production. Also, the feed 
cost of producing 100 lbs. of milk was 
much less for high producers than for 
the low yielders. 

While this fact is always extremely 
important, it is vital when the price re- 
ceived for milk is low in comparison 
with the cost of feed and labor. At such 
a time only the dairyman with high- 
producing cows stands any chance of 
securing a reasonable return over feed 
cost. 

The table shows that as the pro- 
duction became greater, there was a 
steady increase in the cost of feed, but 
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th^ value of the product increased much 
w ^mo re rapidly. For example, the cost of 
r feed for the group .averaging 13,953 lbs. 
milk and 501 lbs^fat was $69 more than 
for the *&e£ond group, which averaged 
only 5,048 lbs. milk and 241 lbs. fat, 
but the yalue of the product was $345 
made the return over feed 
tow fi^rM^three times as great for the 
, J ■ cows > p| the higher-producing group. 

* ' Relation of level of production to cost of feed and return above feed cost 


575 


strong constitution and the ability to con- 
sume and utilize a great amount of feed. 
They secrete a large yield of milk and, 
because of the great quantities of nu- 
trients they put into their milk, they 
have keen appetites. If fed properly, 
they eat much more feed than low pro- 
ducers, and use this feed more efficiently 
for milk production. This is because they 
have left for milk production a much 


♦A 


M ’ , Milk ^ 

, 1 1 ^production, *.*■ ' 

# jange #- ■ 

Average 
yield 
of milk 

Average 
yield 
of fat 

Value of 
product 

Cost of 
roughage 
including 
pasture 

Cost 
of con- 
centrates 

Total cost 
of feed 

Return 
above 
feed cost 

Feed cost 
of 100 
lbs. milk 

TTrv.TT,' - , 
Lbs. * - / 

Lbs. 

Lbs. 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

• f,S0(M$99 1 

1 4076 

196 

247 

67 

69 

136 

111 

3.34 

;■ 4,500^5,499 

* 5,048 

241 

297 

70 

76 

146 

151 

2.89 

« " 50011.499 
IF, 499 

6,029 

281 

348 

74 

85 

159 

189 

2.64 

7,010 

316 i 

393 

76 

90 

166 ; 

227 | 

2.37 

•» ' 

7,994 

345 

431 

79 

95 

174 

257 1 

2,18 

8,5°O-9J09 

9,500-1^499 

8,984 

367 

465 

82 

100 

182 

283 

2.03 

| 9,985 

391 

496 

84 

105 

189 

307 

1.89 

10,500-11,499 

| 10,984 

413 

528 

86 

108 

194 

334 

1.77 

"V*"* -#12,499 

! 11,970 

440 

565 

87 

113 

200 

365 

1.67 

jjLl^Jff^l 3,499 

12,957 

469 

599 

88 

118 

206 

393 

1.59 

ll!ioO-14,499 

13,953 

501 

642 

90 

125 

215 

427 

1.54 

14,500-15,499 

14,950 

533 

682 

91 

130 

221 

461 

1.48 

15,500-16.499 ! 

15,936 

565 

722 

91 

134 

225 

497 

1.41 

16.500- 1*99 | 

17.500- 18,499 

16,922 

599 

746 

88 

138 

226 

520 

1.34 

17,944 

638 

809 

90 

154 

244 

565 

1.36 

18,500-19,499 

18,941 

673 

837 

96 

156 

252 

585 

1.33 


* Based on the records of 50,005 DHIA cows, selected at random, that completed a full 12-month test- 
ing period in 1952. Cows producing less than 3,500 lbs. of milk and those yielding 19,500 lbs. and over 
are omitted in this table, because of the small numbers in these groups. 


Fully as important is the fact that 
the feed cost per 100 lbs. milk was only 
$1.54 for the cows yielding 501 lbs. fat, 
while it was $2.89 for the group averag- 
ing 241 lbs. fat. 

This table effectively disproves the 
statement, sometimes made, that greater 
net returns are secured from moderate 
rates of production than from the high 
levels of production reached by excel- 
lent cows fed in accordance with their 
nutrient requirements. 

998. Why high producers are more 
efficient. — High producing cows are more 
efficient than low producers chiefly be- 
cause of their great inherited capacity 
for milk production, combined with a 


larger proportion of the feed nutrients, 
after their maintenance requirements are 
met. (1001) 

Missouri experiments showed that 
high producers and low producers do not 
differ appreciably in the efficiency with 
which they digest their feed. 3 Opinions 
differ as to whether or not high producers 
require less feed than low producers 
merely to maintain their bodies. In the 
Missouri studies there was no difference 
in this respect between high and low 
producers. On the other hand, from sta- 
tistical studies of the results of feeding 
experiments, Headley of the Nevada Sta- 
tion concluded that high producers re- 
quired somewhat less nutrients than did 
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999. Fat-corrected milk yielcp. — 
Milk containing the various f>erceiitages| 
of fat differs widely in energy content 
per pound. Therefore'* to compare the 
actual amounts of milk energyjprbduced 
by various cows, the yields must be 
equated, or changed, to a uniform en- ‘ 
ergy basis. This is done by. sonve^^p*^ 
the various actual yields tov-eqi^/aftiS - 
amounts of milk of a uniform per-1 
centage, and therefore of the same en- 
ergy content. 


low producers for mere maintenance. 4 
One factor causing the difference be- 
tween high producers and low producers 
may be the size or rate of activity of the 
thyroid gland, which regulates the rate 
of metabolism in the body. 5 (54) Cows 
in warmer climates seem to have smaller 
thyroids than in our northern states. 

While the chief difference in effi- 
ciency of milk production is between 
high producers and low producers, there 
may be some difference in efficiency be- 


High Milk Production Necessary for Efficiency 

High-producing cows are almost always much more economical producers than are low 
producers. A high-producing herd of Jerseys. 


tween cows that yield the same amounts 
of milk and fat. For example, let us take 
two cows which both produce in a year 
10,000 lbs. of milk containing 3.7 per 
cent fat, but one cow weighs 1,000 lbs., 
while the other weighs 1,400 lbs. 

The larger cow will generally con- 
sume considerably more feed than the 
smaller cow, because she needs more 
nutrients to maintain her larger body. If 
she produces no more milk than the 
smaller cow, her efficiency will obviously 
be lower. To compare the real efficiency 
of various cows, we must therefore con- 
sider not only milk and fat yields but also 
live weight. 


The usual method is to convert the 
yields, by the formula developed by 
Gaines of the Illinois Station, to amounts 
of “4 per cent fat-corrected milk” (com- 
monly called merely “fat-corrected milk,” 
and abbreviated to F.C.M.). 6 This is 
done by multiplying the actual milk yield 
by 0.4 and then adding to this product 
the actual fat yield multiplied by 15. In 
condensed form, the formula is: 

F. C. M. (4 per cent fat-corrected milk) = 
0.4 X milk + 15 X fat. 

If desired, the milk yields can be 
converted to some other uniform fat per- 
centage than 4 per cent, by the use of 
a different formula. 
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t * To compare the production of heif- 
^ exs with, j&fet of mature cows, the actual 
yield is converted to a 'mature equiva- 
h lent ^ basis” by i^rltiplying the yield by 
an '^ge^qjrection factor.” (1055) 

. i 1000. Measuring the efficiency of 
Jjjgip production. — The efficiency with 
^^^oh Ye^bus cows produce milk can be 
^cdmAgea-by computing the energy con- 
tent tarSthe milk each has produced in a 
' year and dividing this by the energy in 
the total digestible nutrients in the feed 
each has consumed. The quotient is 
called the gross efficiency of milk pro - 


2 tion of heif- compiled the records of production and 
r s, the actual feed consumption of 243 cows at various 
iture equiva- experiment stations. 7 These cows aver- 
the yield by aged 1,087 lbs. in weight and produced 
(1055) an average of 10,315 lbs. of 4 per cent 

efficiency of fat-corrected milk a year. Their average 
ciency with gross efficiency of milk production was 
milk can be 30.1 per cent. 

energy con- Various cows of the same live weight 

roduced in a and productive capacity may differ some- 
le energy in what in the efficiency with which they 
: in the feed digest and utilize feed, but these dif- 
quotient is ferences are not generally large, if the 
of milk pro - cows are healthy. Brody has therefore 
prepared a detailed table which shows 

Use of Feed by Cows 


LIBERAL RATION FED TO 
GOOD DAIRY COW 


t\ 

ft i mL, . 


THREE -FOURTHS RATION 


HALF RATION 

LIBERAL RATION FED TO 
BEEF COW 


For Maintenance 


For Milk For Gain 
Production in Weight 


It Pays, to Feed Good Dairy Cows Liberally 

When fed liberally a good dairy cow can use half her feed for milk production. When 
fed a three-fourths ration she can use only one-third of her feed for producing milk, and 
when fed a half-ration she needs all her feed to maintain her body. A beef cow, if fed a liberal 
ration, will turn part of her surplus feed into fat instead of milk. 

Each pound of 4 per cent fat-cor- the estimated gross efficiency of cows of 


rected milk has approximately 340 Cal- 
ories of energy, and each pound of total 
digestible nutrients supplies about 1,814 
Calories. The formula for computing the 
gross efficiency of milk production is 
therefore: 


Gross efficiency = 


340 Cal. X lbs. of F.C.M. 
1814 Cal. X lbs. of T.D.N. 


In computing the amount of total 
digestible nutrients consumed in a year, 
the amount the cow secures from pas- 
turage must be estimated as closely as 
possible, since it may furnish the major 
part of the nutrients during the growing 
season. 

Brody of the Missouri Station has 


various live weights and producing vari- 
ous amounts of 4 per cent fat-corrected 
milk a year. 

According to this table, the gross 
efficiency for 1,000-lb. cows yielding 

5.000 lbs. of fat-corrected milk a year 
(about our United States average) is 

20.8 per cent. At double this yield, 

10.000 lbs., the gross efficiency rises to 

30.9 per cent. According to this table, a 
1,000-lb. cow producing 25,000 lbs. of 
4 per cent fat-corrected milk a year 
would have a gross efficiency of 44.0 per 
cent. 

1001. Feed good cows liberally, but 
not poor cows. — Unless cows of high 
productive capacity are fed with suffi- 
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lit 



cient liberality to provide them with the 
nutrients they need for the production of 
a. large amount of milk and fat, their 
yield will soon decline to the level per- 
mitted by the nutrients they receive. 
Many cows which could be profitable 
producers are thus forced into the in- 
efficient and unprofitable class, because 
their owners do not appreciate this im- 
portant fact. 

A well-fed dairy cow yielding about 
1 lb. of butterfat a day requires nearly 
one-half of the feed she eats for main- 
taining her body. She therefore has left 
to use for milk production only about 
one-half of her feed. If she is fed only 
two-thirds as much, she will digest the 
scanty ration a trifle better, but she will 
still need nearly as much feed as before 
to maintain her body. As a result of the 
scanty feeding, she will probably have 
available for milk production only 30 per 
cent or less of the total feed she eats. 
This great reduction in the amount of 
feed that is left for milk production will 
much more than offset the slightly 
greater digestibility of a scanty ration. 
(101) Also, the overhead expenses per 
100 lbs. of milk are greater when a cow 
is producing at a low rate. 

It is just as unwise to overfeed a 
poor cow as it is to be stingy with a good 
producer. If a cow lacking productive 
ability is fed liberally, she cannot in- 
crease her milk production beyond her 
inherited capacity. All she can do is to 
store the excess nutrients in the form of 
body fat, instead of turning them into 
milk. The best plan is to get rid of such 
a cow, for she will not pay for her keep. 

If she is kept, it is important that she be 
fed according to her actual production, 
instead of being given as much grain as 
the good cows in the herd. 

1002. Building a profitable herd. — < 

The farmer who has a herd of low- 1 
producing, unprofitable cows cannot t 
hope for any real success in dairying un- 
til he has secured a herd of good pro- c 
ducers. He should therefore at once j 
take steps to accomplish this result. Even | 
if he starts with scrub or with beef-type c 
cows, he can in 5 to 6 years make con- s 
siderable improvement in his herd, if the o 


e calves are sired by a purebred, bred-for- *„ 
f production bull. # t \ 1 

r However,- it is usually best to, make 

- more rapid progress by selling the -poor- i 
'• cst producers in the herd an| replacing ^ 
3 them with a few high-producing- grade ’ 

- or pure-bred cows of the breed desired- 
5 If a good purebred dairy 

- always used in the herd, and 

yielders are culled out each ye«cSin a * % 
: relatively short time he should have a J 
r herd of efficient producers. * 

The striking improvement wfich is 
made in one to three generationsfby us- J ' 
ing good purebred dairy hulls on scjjpo'fy** 
cows or on beef-type cows is showrflja , , 
experiments by the Iowa, Mmnesotg^ 4 • 
Oklahoma, and South Dakota Stations 
and the Canadian Department of Agri- i , 
culture. 8 | & ^ 

In the Iowa experiment, f<me:d$n- 
pie, the original scrub cows, wA good 
feed and care at the Station Jteduced 
only 4,110 lbs. of milk and 19|flbs. of 
fat a year. Their daughters, sired by pure- 
bred bulls, produced 41 per cent 
milk and their grand-daughters, carg^^ y 
three-fourths of dairy blood, nearly 
as much as the original scrubs. The 
grades not only yielded more milk a day, 
but also were much more persistent milk- 
ers than the scrubs, whose lactation'.' pe- 
riods were short. c r 

Even more important than the 
greater yield of milk, is the fact that the 
cost of feed for 100 lbs. milk was 13 per 
cent less for the three-quarter bloods 
even though they were only heifers, than 
for their scrub grand-dams. Not only was 
the production rapidly improved by grad- 
ing up, but also just as striking improve- 
ments were made in the conformation of 
me animals, especially in their udders. 

The grades, especially of the second 
cross, were stamped plainly with the 
breed characteristics of the purebred 
sires. 

Scrub heifers, raised at the Station 
out of the scrub cows and the scrub h ull, 
produced 10 per cent more milk and 13 
per cent more fat a year than their scrub 
dams. This small increase, which was 
strikingly inferior to that from the use 
of purebred sires, was due to the fact 
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A #that the heifers were so fed and cared for 
jfas>.t|i develop fully what little capacity 
they did ,%ve for milk production. 

. 4n t%g trials tb$& offspring from 
one purebred sires used on the 

' scrub -'cows fell riUjeh below the others 
19 in.pro^ietivity. This illustrates the well- 
; that to build up a herd a sire 

to transmit high production, 
be merely a purebred. 

' By joining ari artificial breeding as- 

' soeia^on a dairyman in most of our dairy 
ddjLstrio|s; can now have his cows bred at 
jlrtodeife cost . to an outstanding sire, 
^^«n $ he haf only- a few- animals. He 
B c^thus gain the great advantage from 
Bqdje use icff bulls which would be too 
wk ' valuable and high-priced for him to own 
;H9fbne. 

§r‘ >4 1 *mL' ^YP e an< ^ production; pure- 
Ms lk| grades. — Good-producing dairy 
%vs " qP usually of the dairy type, and 
/ or Jfeucers show less of the dairy 
< ohfornSpion and characteristics. How- 
:^yer, . e4en experts are often unable to 
te Tl - b 9 appearance alone whether a cow 
^^fbe a profitable producer. Studies 
shown that in purebred or high- 
grade dairy cows the correlation between 
type, score and milk production is rather 
low.^ The only reliable way of determin- 
ing the productive capacity of a cow is 
from a record of the actual amount of 
milk and fat she yields. 

In studies of the conformation of 
1,000 purebred dairy cows and their pro- 
duction records, Swett of the United 
States Department of Agriculture found 
that length of head was the body meas- 
urement most consistently correlated with 
milk production. 10 Body depth, which in- 
dicates the size of the internal organs, 
was also definitely correlated with pro- 
duction. 

Practically all dairymen now recog- 
nize that cows distinctly of beef type are 
not economical producers of milk. The 
dairy type and the beef type are the 
result of breeding for many generations 
with opposite objectives. The beef ani- 
mal has been developed to store in its 
carcass the largest possible amount of 
meat. On the other hand, the dairy cow 
has been bred for the primary object of 


producing large yields of milk and but- 
terfat. As a result, though a good dairy 
cow will put on flesh when she is dry, 
the impulse to milk production is so 
strong when she is in milk that even un- 
der liberal feeding she shows little or no 
tendency to fatten. Instead, she uses all 
the surplus feed above maintenance for 
the manufacture of milk. 

Dahy-herd-improvement association 
records show that, on the average, pure- 
bred dairy cows produce more milk and 
fat and return a greater income over feed 
cost than do grade cows. This is because 
they have a greater inherited capacity 
for milk production. For example, in one 
study 63,739 registered purebred dairy 
cows in dairy-herd-improvement associa- 
tions produced a yearly average of 8,443 
lbs. of milk and 325 lbs. of fat, while 
107,309 grade cows averaged 7,623 lbs. 
of milk and 298 lbs. of fat. 11 Still more 
important was the fact that the yearly 
net return over feed cost was $20 per 
head more for the purebreds. 

It is possible by the use of excellent 
purebred sires in a grade herd for many 
years, combined with careful culling, to 
develop a herd that probably cannot be 
distinguished in appearance or produc- 
tion from a herd of purebreds. However, 
it must be borne in mind that the merits 
of high grades are due to their purebred 
ancestors, and not to the trace of scrub 
blood they still possess. 

1004. Size of cow. — If equally well 
bred, the larger cows of a breed tend to 
produce more milk than the smaller ones. 
This is but natural, for a large cow has 
a greater capacity to consume and utilize 
feed. However, the amount of milk a 
cow will produce depends much more on 
her inherited dairy ability than upon her 
size. In developing a high-producing 
herd, one should therefore base his se- 
lection primarily on productive capacity 
rather than giving undue attention to 
size. If a large cow and a cow of moder- 
ate size produce equal amounts of milk, 
the cow of moderate size will be more 
profitable. This is because she will re- 
quire somewhat less feed to maintain her 
body than the large cow. 

In New York studies just completed. 


llliil! 


i 


1 


I 


I :! HE 


the weights of the cows in 3,568 dairy- 
herd-improvement association herds of 
the various breeds were estimated by 
tape measurements, and the records of 
production and of feed consumed were 
jf ou P e *' weight classes in each 
breed. 1 - Combining the results for all the 
breeds, an increase of each 100 lbs in 
estimated live weight resulted in an 
average increase of 661 lbs. of 4 per 
cent fat-corrected milk. Not only was the 
milk production higher for the larger 
cows m each breed, but also the return 
over feed cost was decidedly greater 
Similar results were secured in an earlier 
JNew York cost accounting study. 13 

There is an even greater difference 
m the net return per cow over all costs, 
including labor, for the larger cows in 

bre ® d - T1 r lls , 1S because the expenses 
other than feed costs are not much 

greater for large cows than for smaller 
ones. 

One must, however, use good judg- 
ment and not develop a herd of cows 
that are too large in size for the particu- 
lar conditions. For example, the stalls in 
the stable may be too small for very I 
large cows, or the pasture fields may be , 
so rough that they are better adapted 
to more agile cows of moderate size. i 

While the larger cows of a breed r 
tend to excel on a per head basis, the ! 
smaller cows often surpass them in the r 

erheienriv wifK 7 c 
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yield tends to be directly proportional 1 t<A 
the live weight. 15 On the other 'iand \ 
others conclude that the milk yield is’' 

mnrfi nAQrlu 1 , V# _ 


. nuns, yjttia is 

more nearly proportional to the 0 70 
or 0.75 power of the live weighs 

1005. Weed out low-producing, un- 
profitable cows.— Although the averagj * 
production of the dairy cows in # 


TT -m. J n x y m 

nited States has been increasecSLr V 
siderably as better feeding and 
practices have been adopted by dairy* 1 

P r r ° d lf tion 1 is stiI1 only about 
5,630 lbs. of milk and 225 lbs. of {■•■ 

cow. Even with average prices for 
products, probably one-fourth or 
ot the dairy cows fail to pay for their 
feed and care. When daffy prices 

’ * e c ° ndltion IS even more serious., 
Ine chief reason why such a con« 
ion is found now, when the pjjnciple.* 
of successful selection, feeding, and care 

thiT ° attIe ha T l ° ng be ^ known, is 
that the owners do not know which of 

their cows fail to yield enough milk to 
pay for their feed Li c „ e . T gy df» L 
jeahre that th TOg h the groas i TO 
trom their herd would be reduce d 
weeding out the "boarders,” their rMP 
would be decidedly increased. ^ 

fra Jt ,, 1S tberefore extremely important 
tor a dairyman to secure the record of 
production of each cow in his herd. For- 
tunately, such records may be easily se- 

ttS&zr**?* »*• 


efficiency with which ££ ™ »» of the 

er sy. ln mlIk from the total digestible durri^ff* fa f test Knowing the pro- 
nutrients in their feed. 1 * This is because la te ° ° f T°c r°°Y ? nd 1116 approxi- 

rriAcf « j. i . . •» . mat© amount nf -Pi=./?vr4 r,T — I ■ A 


w. — , iuuu digestible 

nutrients in their feed. 1 * This is because 
most dairymen tend to judge their cows 
by the amount of milk each cow pro- 
duces, without paying enough attention 
to their relative sizes. Unless the smaller 
cow produces almost as much milk as 
the large one, she is often culled out be- 
cause of low production. 

The most accurate method of com- 
paring the real merit of various cows is 
to compare them on the basis of their 
efficiency in converting total digestible 
nutrients m their feed into milk. Un- 
fortunately, this is nowhere near as sim- 
ple as to compare them on the basis of 
annual yield of milk and fat. 

. 9 ertain investigators have believed 
that m cows equally well bred the milk 


— w emu. uie approxi- 

mate amount of feed she has consumed 
m a given period, the dairyman can dis- 
card the unprofitable animals, and gradu- 

^,j )Ul d U P a berd of high producers at 
small expense by using a bred-for-pro- 
duction sire and saving the heifer calves 
from the best cows. 

r , tbis means the average yield of 
fat for the herd can be gradually in- 

"n a m d y r ear by year ’ until is raised to 
300 lbs. later to 350 lbs., and then even 

higher. As good cows sometimes have 
°ff years m production, animals should 
not be discarded after a single year’s 
taal, if there is good reason to believe 
they will do better in the future. 

1006. Keeping records of produc- 
tion. For most farmers who have the 
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£ fservMes available, belonging to a dairy- 
f hercllmprbvement association (com- 
mon^ abbreviated to DHIA) or to an 
ownejgsampler club is the most con- 
.. J venienP^Hiftthod of securing records of 
I ^ production on each pf their cows. These 
I /ei; vices are relatively inexpensive, and 
Vi^f^-gidvice furnished concerning the 
alad management of the herd is 
value. 

II In dairy-herd-improvement associa- 
Ijtions in the United States a supervisor 

I *4 ip ^‘ployed who spends one day every 
A h with each of the herds in the 
i ^Kpk)dation. '(In certain associations the 
I ftesl&sare made bi-monthly, instead of 
B ; ‘e$, month. ) Arriving on the farm in 
I fe tfae afternoon, he weighs and samples 
|*tne milk from each cow at milking time 
Ilf 'and also weighs the feed. The following 
* jmorning this is repeated, after which the 
' samples of milk from each cow are 
/ mixed thoroughly and tested for butter- 
^ fat. From this day s record he computes 
;%j^e milk and fat production and the cost 
tu.y feed for each cow for the current 
'The data, for each cow are' re- 
* '^PBed in the herd-record book, so that 
the dairyman has available the record of 
each cow for every month of the year. 
The tester also studies the local feed 
market and aids the dairyman in work- 
ing out economical rations. In certain 
states, central testing laboratories have 
been set up, and the testing of the sam- 
ples and the computation of the records 
is done there. 

The production records of each cow 
for the first 305 days of each lactation 
are sent by the tester to the state agri- 
cultural college, from which they are 
transmitted to the Dairy Research 
Branch of the United States Department 
of Agriculture. These records are used 
in proving the transmitting ability of the 
sires used in the various herds and in 
making herd analyses, which are studies 
of the breeding worth of the various 
cow families. 

The value of dairy-herd-improve- 
ment association records in increasing 
the efficiency of dairying is shown by 
the fact that in 1955 the average produc- 
tion of the cows in the associations in 


this country was 9,363 lbs. of milk and 
372 lbs. of fat. For the same year the 
average yield of all cows milked in the 
United States was about 5,630 lbs. of 
milk. 

In the owner-sampler type of cow 
testing, the dairyman weighs and sam- 
ples carefully the milk from each cow for 
one day each month and then mails the 
samples and the record of weights to a 
central testing laboratory, usually con- 
ducted by the state college of agricul- 
ture. Here the samples are tested, the 
amount of fat is computed, and the rec- 
ords mailed back to the dairyman. This 
plan is especially convenient for farmers 
who have only a few cows or who live 
in localities where no dairy-herd-improve- 
ment association is available. 

If a dairyman does not have avail- 
able the services of a dairy-herd-improve- 
ment association or a dairy-record club, 
he can himself keep a record of each 
cow's production. The best way is to 
weigh and record each milking from 
every cow. This does not require much 
work, if a convenient spring balance is 
used and handy milk sheets for entry of 
the records. Such daily individual records 
make possible the feeding of each cow 
with the greatest economy, enable the 
herdsman to detect sickness quickly by 
the decline in milk flow, and aid in 
judging the efficiency of different milkers. 
Where the weight of each milking is 
recorded, it is sufficient to take samples 
for fat testing once a month for one or 
preferably two consecutive days. Those 
who feel that they cannot spend the 
time necessary to weigh each milking 
can obtain reasonably accurate records 
by weighing and sampling the milk regu- 
larly for one day each month. 

1007. Official testing of dairy cows. 
— In this country two different types of 
official testing of dairy cows are provided 
by the dairy breed registry associations, 
the testing being done by supervisors, or 
testers, under the direction of the state 
agricultural college. In the advanced reg- 
istry a breeder may enter one or more 
selected cows at any time for production 
records of either or both 305 or 365 days 
in length. Daily milk weights must be 
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kept by the dairyman. The test periods 
are preceded by a preliminary dry- 
milking, each cow being milked dry un- 
der the supervision of the tester. 

In the herd improvement registry 
all the cows in the herd must be tested, 
with the possible exception of certain 
cows which have previous official records. 
A one-day test, without preliminary dry- 
milking, is conducted each month 
throughout the year, and the keeping of 
daily milk weights is not required. 

The official production records are 
published by the breed associations. A 
high record increases the money value, 
not only of the individual cow, but also 
of her relatives, for progressive breeders 
in buying animals now rely more and 
more on production records instead of 
merely show-ring successes. 

Recently, certain of our dairy breed 
associations have adopted plans and regu- 
lations under which the production rec- 
ords of the individual cows in a DHIA 
herd are accepted for publication and 
for the proving of sires, in the same man- 
ner as are the advanced registry rec- 
ords. 

While a test covering one lactation 
period is a good index to the maximum 
productive capacity of a cow, a still bet- 
ter measure of her worth is a record 
over several consecutive years. Likewise, 
the best index to the value of the blood 
lines represented in a herd is provided 
by the records of all the cows in the 
herd, year after year. This is far more 
reliable than official tests on a few se- 
lected cows which are pushed to the 
very utmost when they are on test. For 
these reasons, the herd-test plan is be- 
coming increasingly popular with breed- 
ers. 

All dairymen recognize that success- 
ful reproduction within a normal period 
is fully as important as a record of high 
milk yield. To an ever increasing ex- 
tent experienced breeders now favor, in- 
stead of a 365-day test, the 305-day test 
with the additional requirement that the 
cow calve within a definite period. 

The feeding and care of cows for 
high records of production are discussed 
in Chapter XXVI. 




II. Nutrient Requirements cc% * 
•Dairy Cows *• / * 

1008. Bequirements for ^ miljbt pro- Jt 
duction. — It ha& already beep-^Sown in . ; 
Chapter X that the nutrient requirements ^ ■; 
of animals producing a large amount of. 
milk differ greatly from fee require#**^ ' fy\ 
of those being fattened or of those fWr j % 
muscular work. , 

For efficient milk production it -Is “ **' 
essential that dairy cows receive: (1) A , 
liberal amount of totaLftigestible nu ! \ * 
en ts or . net • energy; ( 2 ) * - relatively la * frC, ^ 

amount of protein, supplied, by suitalSr^y f 
dairy feeds; (3) at least a ‘'.opr tain jsoijiJ lr - ** 
mum amount of fat; (4) sufficient pho& y 
phorus, calcium, common salt, and other 
essential mineral nutrients; (5) an ample r ^ * 
supply of vitamins A and D and of car- t| 
tain unknown factors or vitamins *\he^ J 

may not be furnished by very re# Lttv* " u 

rations; and (6) a ration that palat- 
able to the cows. / I 

The amounts of nutrients required*^ J 
by any particular milk cow will dep . f ,, | 
first of all, on her size, since | 

requirements depend upon body Wfr 
Her needs will also depend on the 
amount of milk she is producing, and on 
its richness in fat. If she is a heifer, she 
will require additional nutrients for the 
growth of her body. When she isfpreg- 
nant, there will be a still further need 
of nutrients for the development of the 
fetus. This latter requirement will be 
insignificant in amount during the first 
part of pregnancy, and will not be large 
even during the latter part. The nutrient 
requirements of dairy calves, dairy heif- 
ers, and dairy bulls are discussed in 
Chapter XXVII. 

The Morrison feeding standards for 
dairy cattle are given in Appendix Table 
III. The standards for dairy cows give 
first the amounts of nutrients required for 
the maintenance of cows of various live 
weights, and second, the amounts of 
nutrients required for the production of 
1 lb. of milk containing various per- 
centages of fat. Also, the additional 
amounts of nutrients are given which are 
advised for cows during the last few 
weeks of pregnancy. For the reasons 
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preyi° us ly, a range is given in the nutrient requirements for milk pro- 
digestible protein and of duction which are discussed on the fol- 
ligSstible Nutrients recommended lowing pages. However, the computing 
standards. (■SJ.'Z, 325.) of a balanced ration takes considerable 

m usual condutipx^s sufficient nu- time and trouble if one is not experienced 
should supplied to meet the in the process. 

figures in tlie range stated in the To simplify the selection of efficient 

’ds. Wh^p protein-rich feeds are rations for milk production, convenient 
:p<$nsn% it may be most economi- feeding guides are given in Appendix 
feed no more protein than is re- Tables VII and VIII. By the use of these 


Liberal Concentrate Feeding Necessary for High Yield 

Maximum milk production cannot be secured unless cows are fed a liberal amount of 
concentrates in addition to good roughage. Local conditions will determine what level of 
concentrate feeding will be most profitable. (From Wisconsin Station.) 


guides the balancing of rations is re- 
duced to a simple recipe basis. Though 
these feeding guides are very simple, 
they have been worked out carefully on 
a scientific basis, so that they are reliable 
guides in practical feeding. 

First, there are given in Appendix 
Table VII formulas for many different 
concentrate or grain mixtures which will 
make balanced rations when fed with 
the roughages indicated. One can read- 
ily determine which of the several mix- 
tures in the proper group will be cheap- 
est under the local conditions. If desired, 


quired to meet the lower recommenda- 
tions. Likewise, when grain and other 
concentrates are very expensive in com- 
parison with hay and other roughages, 
it may be most profitable to supply only 
as much total digestible nutrients or net 
energy as recommended in the lower 
recommendations in the standards. 

1009. Guides in selecting well-bal- 
anced rations. — Any intelligent dairyman 
can compute an economical, well-bal- 
anced ration for his cows by following 
the methods explained in Chapters XI 
and XII and familiarizing himself with 
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changes can be made in these formulas 
by following the directions given in the 
paragraphs which immediately precede 
the formulas. 

1010. Determining how much con- 
centrates each cow needs. — After select- 
ing an economical concentrate mixture 
that will make a balanced ration with the 
roughage to be fed, it is next necessary 
to know how much of the concentrate 
mixture each cow in the herd should re- 
ceive. Various “thumb rules” are often 
used for estimating this. A more con- 
venient and also more accurate method is 
to use the “Grain Feeding Tables” given 
in Appendix Table VIII. 

The first of these tables is for use 
when the cows are not on pasture. It 
states the number of pounds of a good 
concentrate mixture, or so-called “grain 
mixture,” required by cows producing 
various amounts of milk of different fat 
percentages, when various amounts of 
roughage are eaten. The second table 
similarly shows the amounts of concen- 
trates needed by cows on different grades 
of pasture. Before using these tables, one 
should read carefully the directions that 
immediately precede them. 

Sufficient amounts of grain mixture 
are advised in these tables to meet the 
recommendations of the feeding stand- 
ards and to maintain good yields of milk- 
under usual conditions. When concen- 
trates are very expensive in comparison 
with roughages, it may then be most 
economical to feed a smaller amount of 
grain mixture than stated in the tables. 

It is recommended in the para- 
graphs that precede the tables that ex- 
cellent cows which have run down in 
flesh should be fed somewhat more grain 
mixture during the latter part of the lac- 
tation period than is stated in the tables. 
Also, heifers need a trifle more grain mix- 
ture than shown in the tables, because 
they are still growing. 

It is well worth while for a dairy- 
man to understand thoroughly the meth- 
od of computing economical rations 
which are balanced in accordance with 
the feeding standards. He will then know 
how to make balanced rations under any 
special conditions that may arise. How- 


. rr 


V* 
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ever, from the standpoint of hisr 
turns, the most important pd|nt 
sure to feed balanced rations 
though he has not taken time tc 
them out himself. In any ca§^2^ 
as to the best ration to use, a > 
will find his county agent or his 
tural college and experiment 
ready to advise him. 

In computing rations for dairy|| 
it is necessary to know their v - 

mate weights. If One does not haw. \ it 
able scales available for weighing v 
individual cows, their weights can be 
estimated from a measurement of ’ 
heart girth. Appendix Table IX 
the approximate weights of dairy cows 
having different heart' girths. ^ 

1011. “Thumb rules” not accurate? 
guides. — Various “thumb rules” have 
been widely used for- estimating Jrle^ 
amount of grain mixture requires 
cows producing different amounts u» 
milk and fat. However, none of these 
thumb rules is so convenient or so gp 
curate as the grain feeding tables, 




\ \ 



For example, a common thumb w 


is: Feed 1 lb. of grain mixture per 
for each 2*4 to 4 lbs. of milk, depending 
on the richness of the milk and the qual- 
ity of the roughage fed. Under most con- 
ditions this and similar thumb rules un- 
derfeed the high producers and overfeed 
the poor cows. This is because these 
rules do not take into consideration the 
important fact that when a cow is fed a 
liberal amount of good roughage, she 
receives a greater amount of nutrients 
than she needs for mere body mainte- 
nance. Her concentrate allowance should 
accordingly be based, not on the total 
amount of milk she yields, but on the 
amount she is producing beyond the 
amount which she can make from the 
roughage. 

Certain “thumb rules” have been 
devised which take these facts into con- 
sideration. For example, one such rule, 
for use when good roughage is fed in the 
usual amounts, is: For Holsteins, feed 
0.4 lb. of concentrates for each pound 
of milk above a yield of 16 lbs. 17 Simi- 
lar rules are stated for cows of .other 
breeds. i 
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rules are more accurate 
w J tharftoe^jfder “thumb rules,” they are 
less '^Jmvenient than the grain feeding 
% fables fo Ajppendix Table VIII. Also, they 
b^^SSaerely on the usual amounts 
|> e of go6d roughage, and cannot be used 
when a very liberal amount of excellent 
^ougliage, is fed, or when, on the other 
Mbfi Jtani? only a scanty allowance of rough- 
^he § rain Ceding tables 
m ,|^fe^^iite- recommendations to fit' these 
!■» conditions/ 

J BlAir i^ 1012. Feeding standards vs. actual 
wm£. requirements. — In the following , discus- 
HydA^ns' concerning the nutrient require- 
H|^"n4nts.of dairy cows and;- concerning the 
F | recommendations made in various ieed- 
i. | ir^ standards, the purpose and nature of 

| f : ending standards must be borne clearly 

y* .n mind. Feeding standards are. intended 
1 * is practical, convenient guides for the 
per feeding of the various classes of 
iiock. They are not statements of the 
theoretical minimum requirements of nu- 

^^it has been shown previously that 
animals are fed a liberal . ration, 
tfPv digest a slightly smaller percentage 
of the food nutrients than when they re- 
ceive a scanty ration. ( 101 ) Practically 
all the experiments to determine the di- 
gestibility of various feeds have been 
conducted, not with liberally-fed dairy 
cows, but with steers or wethers fed 
rather limited rations. This plan has been 
followed because it is essential in diges- 
tion trials that the animals eat all the 
feed that is offered them, without leaving 
any waste whatsoever. 

Tables giving the digestible nutri- 
ents in various feeds, such as Appendix 
Table I of this volume, must conse- 
quently be computed from these diges- 
tion coefficients, since they are the only 
ones available. It must therefore be borne 
in mind that well-fed dairy cows will 
really secure from the feeds they eat 
slightly smaller amounts of nutrients than 
are shown in Appendix Table I. This 
fact is, however, fully taken into con- 
sideration in the recommendations made 
in the Morrison feeding standards for 
dairy cows. This has been done by plac- 
ing the advised amounts of nutrients 


slightly above the theoretical require- 
ments, to cover the decrease in digesti- 
bility when liberal rations are fed. 

In certain feeding standards for 
dairy cows no such correction factor has 
apparently been applied. As a result, 
dairy cows will be under-fed, if rations 
are computed according to these stand- 
ards and with the available figures for 
the digestible nutrients in various feeds. 

1013. Requirements for mainte- 
nance. — The Morrison feeding standards 
recommend from 0.60 to 0.65 lb. digest- 
ible protein and 7.0 to 7.9 lbs. total di- 
gestible nutrients for the maintenance of 
a 1, 000-lb. cow. Stated in terms of net 
energy for those who may wish to com- 
pute rations on this basis, the require- 
ment for such a cow is 5.6 to 6.3 therms 
of net energy. The amounts of nutrients 
recommended for other live weights have 
been computed on the basis that main- 
tenance requirements are proportional 
not to the live weight, but to the ’ 0.87 
power of the live weight. 

This factor was selected because it 
was believed that the maintenance needs 
were not strictly proportional to live 
weight, for the reasons discussed in an 
earlier chapter. ( 238) By using the 0.87 
power of the live weight instead of some 
other factor, rations computed accord- 
ing to the standards seem to agree best 
with good dairy practice. 

In making the recommendations in 
these standards for the maintenance of 
dairy cows, the author has carefully con- 
sidered the extensive investigations of 
Hills and associates at the Vermont Sta- 
tion over a period of 14 years, 18 and 
also the earlier studies of Haecker, 19 and 
the investigations of Eckles, 20 of Arms- 
by, 21 of Forbes and associates, 22 of 
Brody and Proctor, 23 and of Mollgaard 
and Hansson. 24 

A special committee of the National 
Research Council has presented “Recom- 
mended Nutrient Allowances for Dairy 
Cows.” 25 In these standards no range is 
given in the amount of digestible protein 
and of total digestible nutrients advised. 
The amounts of digestible protein recom- 
mended for maintenance are approxi- 
mately the same as the lower set of fig- 
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ures in the Morrison standards, and the 
amounts of total digestible nutrients simi- 
lar to the higher set of figures in the 
Morrison standards. 

From studies in New Zealand, Mc- 
Meekan has estimated that cows on pas- 
ture need about 50 per cent more total 
digestible nutrients than barn-fed cows. 26 
This is because of the work done* in 
travelling about the pasture and in gath- 
ering their food. 

1014. Requirements for milk pro- 
duction. — Extensive investigations have 
been conducted to determine the amounts 
of nutrients cows need, in addition to 
their maintenance requirements, for the 
production of milk. These investigations 
have been carefully considered in draw- 
ing up the recommendations in the 
Morrison feeding standards. For those es- 
pecially interested in the nutrient re- 
quirements of dairy cows, somewhat de- 
tailed information concerning the studies 
on this subject is given in articles which 
follow. 

The investigations have proved that 
fairly good production can be secured 
when cows receive in their feed, in ad- 
dition to the allowance for maintenance, 
only about 1.25 times as much digest- 
ible protein as the amount of protein 
in the milk they produce. However, cows 
of good productive capacity may yield 
somewhat more milk and fat when the 
protein allowance is greater than this. 
Supplying, in addition to the mainte- 
nance needs, more than 1.50 to 1.60 times 
as much digestible protein as there is 
protein in the milk, does not increase the 
milk yield appreciably. 

In the Morrison standards the lower 
figures in the range of allowances for di- 
gestible protein provide only about 1.25 
times as much digestible protein as the 
amount of protein in the milk. The 
higher figures in the range of allowances 
supply about 1.5 times as much digest- 
ible protein as there is protein in the 
milk. 

The author believes it is the best 
plan under usual conditions to feed cows 
capable of producing 1 lb. or more of 
butterfat a day, according to the more 
liberal recommendations. If protein-rich 


% , * f 

feeds are unusually expensive, it 
most economical, even in the * case of s * . 
good cows, to supply no more tjmn the ■'* 
lower amounts of protein shown&in thcf*. $ 
standards. if jf 


1015. Investigations on protein require- 
ments. — Haecker of the Minnesota Station 
was apparently the first scientist to ^jporeci- 
ate that the nutrient requirements or 1,1 

cows depended not only on the amount 
milk produced, butralso upon its" richri^'*.' 
Milk that is rich in fat is also considerably 
higher in protein than tfi&t which has less fat; 
Haecker therefore reconggiended in his feed 
ing standards not only Jc greater amount of 
total digestible nutrients also a gre^p^ 
amount of digestible proteirnror each poand j 
of milk rich in fat than fpr milk lower in * 
fat. * t 

The Haecker standards recommended 
0.7 lb. digestible protein daily per 1,000 lbs. 
live weight for maintenance and, in addition, • 
amounts for each pound of milk which pro- i 
vided about 1.5 times as much digestible 
protein as the amount of protein in the 
milk. 27 These protein recommendations were ^ , 
much lower than the old Wolff-Eehm*<!jF> 
feeding standards, which advised UgK^. A 
twice as much digestible protein as tfmHKKw *m 
milk of average composition. 

The recommendations in the Armsby 
standards, the Eckles standards, the Moll- 
gaard standards, and the Hansson stai^rds, 
which are based on digestible true pf-Ote in, 
must be converted into digestible -■ crude 
protein ( called digestible proteHI in this 
volume ) to compare them with the stand- 
ards previously discussed. When this is done 
and the amounts of protein recommended 
for maintenance are added to the amounts 
for milk production, it will be found that 
about the same amounts of protein were 
advised in the Armsby standards as in the 
Haecker standards. 28 Somewhat greater 
amounts were recommended in the Hansson 
standards, the MoJlgaard standards, the 
Eckles standards, and also in the standards 
presented by Ellett, Holdaway, and Harris of 
the Virginia Station, 29 ' 

In extensive investigations by Hills and 
associates at the Vermont Station, mostly 
with grade Jerseys, the cows produced satis- 
factorily on rations providing 1.26 to 1.46 
times as much digestible protein, in addition 
to maintenance, as the milk contained. 30 The 
yield on such rations was nearly as high as 
on a more liberal protein supply. However, 
the cows were not high producers, as they 
yielded only Q.78 to 0,92 Ifc, fat daily, gn 
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r .With such cows the production 

|||yp was hit' seriously reduced when rations still 
WST* doWexAi protein were' fed. , 

I Ih^yas found in Wisconsin and Penn- 

I. ,» sgtvauJ feici gabolism experiments that cows 
1 fairly good producuofi will remain in 

| ** nitrogen balance (without losing protein 
| \ fromifheir bodies ) if the ration provides, 
Ik^ in l^ition to, maintenance needs, 1.25 
much digestible protein as the milk 

1111* V 

|W ^ln:5'"New York experiments cows fed 
pjj| eJtJy-cut mixed clover-and-timothy hay and 
||j|| 'corn ‘ silage tor roughage ^produced a daily 
HP ver ^g e 33.1 lbsipilk (equated to a basis 
gp' of 3.5 per cent fatj^when fed a concentrate 
Mifc^ feixture coptaii^og- 16 per cent total pro- 
The, l |JJtge* yield of other cows fed 
|§f fc?a concentrate fixture having 20 per cent 
Ilf ft, protein 1 was 34.4 lbs. The ration lower in 
protein furnished, in addition to mainte- 
yK nance needs, 1.2 to 1.4 times as much di- 
™ gestible protein as was contained in the milk, 
and the latter ration about 1.7 times as 
much. Though the average yield of milk was 
slightly greater on the 20-per-cent-protein 
mixture, the difference was too small to be 
^ ^-/Statistically significant. 

^^Jn these experiments a concentrate mix- 
* 'SHpaving 24 per cent total protein did not 
pppEce any more milk or fat than did the 
20-per-cent mixture, when fed with the 
first-class mixed hay and corn silage. On 
the jjjfeer hand, the milk yield was decidedly 
decr?t$ed and the digestibility of the ration 
was igueh lower when a concentrate mix- 
. ture wSfcisJfed that had only 12 per cent pro- 
tein. After deducting 0.6 lb. digestible pro- 
tein daily per 1,000 lbs. live weight for 
maintenance, this ration did not supply quite 
as much digestible protein as was contained 
in the milk. 83 The cows fed this ration 
therefore had to draw on their bodies for 
some of the protein they put into their 
milk. 

In similar Ohio experiments, in which 
cows were fed good mixed legume-and-grass 
hay and corn silage for roughage, the yield 
of ifcilk was 6 per cent greater on a con- 
centrate mixture having 19.0 per cent total 
protein than on one with only 13.8 per 
cent. 34 The first ration supplied, in addition 
to the maintenance needs, about 1.5 times 
as much digestible protein as the milk con- 
tained, and the lower-protein ration about 
1.25 times as much. 

In experiments by the United States 
Department of Agriculture cows fed a 
concentrate mixture having only 10 to 12 


per cent protein, with timothy hay, corn 
silage, and a little alfalfa hay for rough- 
age, produced as much milk as when fed 
a concentrate mixture having more pro- 
tein. 35 The low-protein ration supplied 
only 1.25 times as much digestible pro- 
tein as in the milk in addition to a main- 
tenance allowance of only 0.5 lb. digest- 
ible protein daily per 1,000 lbs. live 
weight. Differing from this result, in a 
previous experiment the milk production 
was much less on such a low-protein ra- 
tion than on a ration having more pro- 
tein. 36 

In certain other studies rations fur- 
nishing even more protein than recom- 
mended in the higher set of figures in the 
Morrison standards have tended to pro- 
duce a little more milk than rations hav- 
ing less protein. 37 

In Ohio experiments cows of high 
productive capacity yielded a surprising 
amount of milk when fed even less than 
1.25 times as much digestible protein, in 
addition to maintenance, as their milk 
contained. On a low-protein ration hav- 
ing a nutritive ratio of 1 : 11, Holstein 
cows produced as much as 11,013 lbs. 
of 4 per cent milk in a year. 38 However, 
the yield was much less than from the 
same cows when fed rations containing 
an adequate supply of protein. On the 
protein-poor ration the digestibility of 
the feed was also considerably decreased. 
It was therefore necessary to feed very 
liberal amounts of concentrates to secure 
fair production. The cows lost about 200 
lbs. in weight during milk production, 
but regained their original weights dur- 
ing the dry period. 

In the Ohio experiments other cows 
were fed rations extremely rich in pro- 
tein, having a nutritive ratio of 1 : 2. 
There were no marked injurious effects 
from this great excess of protein, al- 
though there was a tendency toward de- 
layed breeding on this ration and a 
longer period than normal between calv- 
ings. 

The amounts of digestible protein 
recommended by the special committee 
of the National Research Council, for the 
production of milk of the various fat per- 
centages are between the lower and 
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is not actually needed. Also, as is^Jiown 
later, it is wise to add a phosphoruM sup- 
plement to such a ration. ( 1035 ) ^ 

The amount of protein supgjjld by I 
the roughage will be somewhadross whel% < 
red clover hay is fed instead of/ alfalfa 
hay. However, a ration of 24 lbs. of good 
clover hay and 12 lbs. of corn graiiypro- 
vides enough protein for a cow propucfj 
ing about 40 lbs. of 3.5 
daily. 


upper sets of figures in the Morrison 
standards. 25 


1016. Importance of protein con- 
tent of the roughage. — The percentage 
of protein that is needed in the concen- 
trate or grain mixture to make a properly- 
balanced ration will depend on the pro- 
tein content of the roughage that is fed. 
When the only roughage is alfalfa hay, 
soybean hay, or cowpea hay (all of 
which are very rich in protein), the 


Protein Content of Roughage Important 4 

The percentage of protein that is needed in the concentrate or grain mixture depends 
on the protein content of the roughage that is fed. (From New York State College of Agri- 
culture, Cornell University.) 


amount of protein supplied by the hay 
will be so large that there will be plenty 
for a cow of good productive capacity, 
when merely corn grain or a mixture of 
corn and other grain is fed with the 
hay. 89 

For example, a ration of 24 lbs. of 
average alfalfa hay and 18 lbs. of com 
grain will furnish sufficient protein for a 
1,200-lb. cow producing 60 lbs. of 3.5 
per cent milk. For high-producing cows 
it may be wise to include wheat bran or 
some other protein-rich concentrate to 
make the mixture more palatable, even 
though the additional amount of protein 


Since young, actively growing pas- 
ture plants are fully as rich as legume 
hay in protein, on the dry basis, it is un- 
necessary to use a concentrate mixture 
high in protein for cows on excellent pas- 
ture. This matter is discussed further in 
Chapter XXVI. 

When non-legume roughage, such 
as com or sorghum silage, is fed along 
with legume hay, or when the hay is mixed 
legume-and-grass hay, considerably less 
protein will obviously be supplied by. the 
roughage. The concentrate mixture must 
then be richer in protein than when pure 
legume hay is the only roughage. How- 


GENERAL PROBLEMS IN DAIRY HUSBANDRY 589 


. less protein is needed in the con- 

■ I centr^te mixture under such conditions 
j-, W thanAnany dairymen believe necessary. 
•<**»* : Many different concentrate mixtures 

I j±jtM e J^^^n Appendix Table VII which 
pTS^Sre well adapted for use with various 
I * types roughage. These example for- 
\ mu||s , will be helpful in deciding what 
' jancly of a mixture to feed under one’s 
ocal conditions. 

||f ' r *%y If good alfalfa hay and corn silage 
are full-fed for roughage, such a grain 
'' mixture as one-half ground corn and one- 
half ground oats is satisfactory for cows 
I .yielding about 1.0 lb. of butterfat a day. 

higher-producing cows and when 
w I the amount of alfalfa hay is limited, pro- 
^fem supplements should be added to the 
"rauon. 

Several experiments have shown 
P* ^ clearly that no protein supplement is 
- *ded when cows of any usual rate of 
fuction are fed plenty of alfalfa hay 
corn silage with a grain mixture of 
'^rn and oats. 40 In these trials the 
• -v yield was fully as high on the home- 
t ration as when protein supple- 

i^Ps, such as linseed meal, soybean oil 
meal, or cottonseed meal, were added. 

Dairy cows yielding 1.25 lbs. of fat 
a day remained in nitrogen balance, los- 
ing ao protein from their bodies, in me- 
tabolism experiments at the Wisconsin 
Station when fed a ration of alfalfa hay, 
com silage, and grain. 41 On the other 
hand, they lost protein when clover hay, 
lower in protein than alfalfa, was substi- 
tuted for the alfalfa hay. 

That very high milk production can 
be secured without any protein supple- 
ment, when abundant protein-rich rough- 
age is fed, is well proved by the results 
achieved by an Illinois dairyman. 42 His 
her$ averaged 525 lbs. of fat a year on 
home-raised feed, without any protein 
supplement whatsoever. The cows were 
fed a grain mixture of half corn and half 
oats at a moderate rate. In winter they 
had for roughage all they would eat of 
legume hay and legume-grass silage. In 
summer they , were on first-class pasture 
and had a little hay in addition. 

1017. Wasting protein supplements 
with 1 legume hay. — Often, when dairy- 


men who have been growing but little 
legume hay change their cropping prac- 
tices and provide their cows with an 
abundance of good legume hay, they fail 
to reduce the amounts of protein supple- 
ments in the concentrate mixtures they 
feed. For example, in the northeastern 
states some dairymen continue to feed 
concentrate mixtures containing as much 
as 20 to 24 per cent total protein, after 
they have provided their cows with 
plenty of alfalfa hay. Since protein sup- 
plements, such as soybean oil meal and 
linseed meal, are usually higher in price 
than the cereal grains or other low-pro- 
tein concentrates, this is then decidedly 
uneconomical. The cows would produce 
just as much milk and fat if only suffi- 
cient amounts of protein supplements 
were fed to balance the ration. 

Even with good mixed hay for 
roughage, smaller amounts of protein 
supplements are needed than have been 
fed by many dairymen, especially in the 
eastern states. The experiments which 
have previously been reviewed show that 
with such roughage a concentrate mix- 
ture containing 16 to 18 per cent of 
total protein furnishes sufficient protein 
for satisfactory production. When protein 
supplements are high in price, a mixture 
containing only 16 per cent protein will 
generally be more economical with such 
roughage than one higher in protein. It 
must be borne in mind, however, that 
with mixed hay containing only a small 
proportion of clover or that which is late- 
cut, somewhat more protein than this 
should be supplied in the concentrate 
mixture. 

It is interesting to note that when 
a concentrate mixture unnecessarily high 
in protein is fed with legume hay, often 
the cows do not clean up the leaves well. 
Their instinct seems to let them know 
that they do not need the protein-rich 
leaves. If a concentrate mixture lower in 
protein is later fed, the cows are then 
apt to eat all the leaves. 

1018. Quality of protein. — It has 
been shown in Chapter V that the kind 
or quality of protein in rations for milk 
cows is of little importance when the 
rations contain good roughage and are 
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made up of feeds that are otherwise sat- 
isfactory. (127) This is because the bac- 
teria in the paunch of ruminants make 
complete proteins, containing all the es- 
sential amino acids, from proteins of poor 
quality and even from simpler nitroge- 
nous substances. Further on in the diges- 
tive tract, ruminants digest the bacteria 
and thus use the bacterial protein which 
has been formed. 

In 5 experiments at the New York 
(Cornell) Station with high-producing 
cows fed corn silage and mixed hay low 
in legumes for roughage, a concentrate 
mixture having poor-quality protein gave 
as good results as a mixture having bet- 
ter-quality protein and also more va- 
riety. 43 The first mixture consisted of 
corn gluten feed, com gluten meal, 
ground corn, and ground oats, with mo- 
lasses in 2 of the tests. The mixture with 
better-quality protein had soybean oil 
meal, linseed meal, cottonseed meal, dis- 
tillers corn dried grains, corn gluten 
feed, ground corn, and ground oats, with 
or without molasses. For swine or poul- 
try this mixture would unquestionably 
have given better results than the first 


Similarly, in a Wisconsin experi- 
ment dairy heifers grew just as well when 
gluten meal was used to balance a ra- 
tion of corn silage, timothy hay, corn, 
and oats, as when the supplements were 
linseed meal and wheat bran. 44 Also, the 
growth was about as rapid on the rations 
with no legume hay as when alfalfa hay 
was fed. 

When the roughage is of poor qual- 
ity, then the kind of protein in the con- 
centrate mixture may be of importance. 
For example, in a Wisconsin metabolism 
experiment corn gluten feed was inferior 
to protein supplements having protein of 
better quality, when fed with cereal 
grain and with corn stover as the only 
roughage. 45 On the other hand, when the 
roughages were clover or alfalfa hay and 
corn silage, corn gluten feed was nearly 
as efficient a protein supplement as lin- 
seed meal, cottonseed meal, or distillers 
dried corn grains. 

Similarly, in metabolism experi- 
ments in Scotland the protein of a ra- 


tion containing grass silage or fresh 
dried young grass was more effickjrt for V ' * 
milk production than the protein ofm ra- y 
tion with no good rdughage. 46 As jhowni^^ 
later, urea gives much bettej^resuks 


when substituteeHfor part of the proteij 

rflHnn with tfood roUP'h^Vf^C thai 


int -a ration with good roughage than * 
when the roughage is poor. (1019| A 
possible reason for the different r^uli| 
with good roughage and with po 
roughage has been mentioned . in Cha 
ter V. (127) ' / jj 

1019. Ur&a as a protein substitute. , ?’ 
— The use of urea as a substitute for part k ^ 
of the protein in ratio^ for ruminants 
and the conditions affecjing its utilijp 
tion have been discussed in Chapter : ‘V ; 
(129) Many experiments have been cot* 
ducted to determine the value of urea in 
dairy rations. 47 In »me oLthe trials the 
results have been satisfactory^, 

with urea as a part® protein substitute* 
while in other trials rations balance . with 
ordinary protein supplements have been 
somewhat superior. ^ u 


For example, in trials urU 

was an effective substitute for c°tto ] teg|i j 
meal in rations for dairy cows. In iBP- 
trast, in English experiments on 12 farms 
the addition of peanut oil meal to a low- 
protein ration significantly increased milk 
production, while the addition of urea 
had little effect. 

In trials in Hawaii, Massachusetts, 
and New York the milk yield was appre- 
ciably less when urea replaced soybean 
oil meal or other protein supplements in 
the concentrate mixture. When continued 


on a concentrate mixture containing urea 
for a considerable time, the cows have 
tired of the mixture in some trials. 

Urea is utilized best when it is fed 
in combination with grain or some other 
starchy concentrate. Molasses is n# a 
satisfactory substitute for all the grain. 
Also, urea gives better results when used 
in a ration with good roughage than 
when all the roughage is poor. In New 
York trials dairy heifers did poorly on a 
ration of molasses, urea, and late-cut 
grass hay, while the gains were satis- 
factory when soybean oil meal was fed 
as a protein supplement. The results were 
somewhat better when a little ground corn 
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added to the molasses, urea, corn, 
JPand -Jpy ration, and were satisfactory 
m*’ whegrthe poor hay was replaced by good 
Hl%uix^dL|hay furnishing Considerable .pro- 

|pWr- W#, may cohclucfe^ that urea is a 
useful SHfcstitute for part . of the protein 
supplements in a concentrate mixture for 
|y iw^cows, when there is a shortage of 
|Jj||3rotein supplements or when they are 
P#Jry high-in price. However, urea-con- 
I tuning concentrate mixtures are never 
^■superior to mixtures in w|ich the same 
; amount of nitrogen is supplied by or- 
tdinary protein supplements, and the urea 
jTOhfetures may no? be quite so efficient. 

^ Ip 1020. Fat in dairy rations. — It has 
j. ,i0men shown in Chapter X that the fat 
L di milk can be made, from other food nu- 
| trients than f$t^but %at an animal can 
t apparently reSike r&pOk fat more readily 
from food fat than - by synthesizing it 
from carbohydrates. Therefore, unless 
the ration for a high-producing cow con- 
ns at least a certain minimum amount 
. fat, the yieldiof milk and of butterfat 
mmke decreased. (303) 

^PPbairy rations now often have less fat 
than formerly, because of the increased 
use of the solvent process in the produc- 
tion of soybean oil meal and other oil 
meals. It is therefore important to know 
how this lower fat content of the ration 
affects the milk yield. 

The most extensive investigations 
on this problem are 17 experiments at 
the New York (Cornell) Station. 48 In 
these trials low-fat concentrate mixtures 
having an average of only 2.7 per cent 
fat were compared with higher-fat mix- 
tures averaging 6.5 per cent in fat. These 
mixtures were fed with such roughages 
as timothy or mixed hay plus corn silage 
or ||ried beet pulp. On the average, the 
yield of 4-per-cent milk was 1.4 lbs., or 
4 per cent, greater on the high-fat con- 
centrate mixtures. It was concluded that 
100 lbs. of a concentrate mixture having 
4 per cent fat would produce as much 
milk as 104 lbs. of a similar mixture with 
only 2 per cent fat. 

When a concentrate mixture con- 
taining 4 per cent fat was fed with corn 
silage and mixed clover and grass hay 


for roughage, the ration supplied about 
70 per cent as much fat as there was in 
the milk. Somewhat more than 30 per 
cent of the milk fat was therefore made 
from other nutrients in the ration, for 
part of the so-called “fat” in feeds con- 
sists of other substances than true fats. 
( 12 ) 

These experiments, together with 
other studies and the experience of dairy- 
men in recent years, show that good milk 
production, if not quite maximum yields, 
can be secured on concentrate mixtures 
containing only 2.5 per cent fat. 49 How- 
ever, a concentrate mixture having more 
fat is worth slightly more per ton. In the 
New York experiments it was found that 
the difference in yield due to a low fat 
content of the concentrate mixture was 
less when abundant good roughage was 
fed. Also, adding soybean oil or corn oil 
to a low-fat ration was not nearly so ben- 
eficial as supplying the same amount of 
fat in natural feeds. 

When by-product animal fat is 
available at a price that makes its use 
for stock feeding economical, such fat 
can be added by manufacturers of for- 
mula feeds to increase the fat content 
and energy value. (134) For example, 
in a recent Arizona trial the milk and fat 
production was slightly increased when 
7 per cent of stabilized animal fat was 
added to a low-fat dairy concentrate mix- 
ture of rolled barley, dried citrus pulp, 
molasses, and cottonseed meal. 50 

1021. Total digestible nutrients or 
net energy for milk production.— In the 
Morrison feeding standards a range is 
given in the amounts of total digestible 
nutrients and of net energy recom- 
mended, in addition to the maintenance 
needs, for each pound of milk of the 
various fat percentages. The recommen- 
dations for milk containing various per- 
centages of fat have been computed on 
the basis of the Gaines" formula for es- 
timating the energy content of milk. 
(999) 

In the opinion of the author, the 
estimated net energy values given in Ap- 
pendix Table II are a more accurate basis 
for computing rations for milk produc- 
tion than the total digestible nutrient 


592 




FEEDS AND FEEDING 


values in Appendix Table I. This opinion Cows need additional nutrients dur^|l* 

has been corroborated by recent in vesti/. ing the latter part of- lactation; anchfai the 
gations in which cows have been Ted 
various proportions of hay and concent 
trates. 51 

Where experiments have definitely 
shown that a particular feed, such as 
oats or wheat bran, has a higher value 
for milk production than it does for meat 
production, separate net-energy values 
are given for milk production. 

The higher amounts of total digest- 
ible nutrients and of net energy stated 
in the standards are advised under most 
conditions. To meet these recommenda- 
tions it is necessary, in the case of cows 
producing good yields of milk, to feed 
considerable amounts of concentrates, in 
addition to a liberal supply of roughage. 

The grain feeding tables (Appendix 
Table VIII) show the amounts of con- 
centrate mixture, or grain mixture, 
needed to meet these recommendations 
for cows producing different amounts of 
milk when the roughage supply is very 
liberal, average, and scanty. 

If one wishes to secure maximum 
yields from a cow capable of high pro- 
duction, even more concentrates must be 
supplied than called for by these recom- 
mendations. Also, when milk is very high 
in price in comparison with the cost of 
concentrates, more liberal concentrate 
feeding may be profitable. 

On the other hand, when roughages 
are very cheap in comparison with con- 
centrates, then it will be most profitable 
to supply no more total digestible nu- 
trients than called for in the lower fig- 
ures of the standards. When good cows 
are thus fed, their milk yield will de- 
cline more rapidly during lactation than 
when their nutrient supply is more 
liberal, and their total yield for the year 
will be considerably less. Nevertheless, 
such feeding may produce a greater net 
return when concentrates are very ex- 
pensive. It is pointed out later in this 
chapter that in districts where alfalfa 
hay is very cheap, compared with grain 
concentrates, it may be most 
to feed an abundance of hay 
whatsoever, even to 


dry period, to provide for the de^glop- 
ment of the unborn calf §nd to get thef^* 
cow into good condifeon befoj# Calvin 
(1082) For the lastjShor 3 months befo: 
calving, the amounts of nutriers^vshown 
in the feeding standards 
tional allowance *f or. last 
pregnancy” should , be added to 
lowance for maintenance and -the' 
ance for milk produced, f 

Since milking heffers are stir 
ing, they need the additional anic 
feed stated under “Extra feed for 
heifers,” in the articles imm&dir* 
ceding Appendix Table HI. 

In making the total digestible 
trient and net energy recom. jn v 
in the Morrison standards, the various 
ves tiga tions on this subject have been 
carefully considered, especially the stud 
ies of Brody of the Missouri Station and 
Gaines of the Illinois Station. 52 In the re- 
port of the special committee of tht A ! 
tional Research Council, which has ' Om4 ! 
mentioned previously, approximately!^ 
same allowances of total diyestihlJ HK 
trients are advised per pound of nr 1 ;as 
the higher set of figures in the MV.^ison 
standards. 25 In that report no net c p ergy 
recommendations are made. 

1022. Abundance of high-quality 
roughage saves concentrates. — In order 
to secure the greatest net returns 
dairying, one of the first essentials unae* 
usual conditions is to provide the c s 
with an abundance of first-class rough- 
age. If cows are furnished all the high- 
quality roughage they will eat, they con- 
sume considerably more than they \ Jd 
of poorer roughage. High-quality rough- 
age, such as well-cured legume hay or 
corn silage, is also richer in digestible^nu- 
trients than poorer roughage, such as 'or- 
dinary grass hay. Therefore, when cows 
have an abundance of good roughage, 
they will get from the roughage a much 
larger proportion of the nutrients they 
need for high production, than when the 
roughage is poor or scanty in amount. 

For example, Grain Feeding Table 
A (Appendix Table VIII) shows that 
when a cow yielding 40 lbs. of 3.5 per 
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sent milk daily is fed good roughage very 
liber|Hy she needs-only 9.6 lbs. of con- 
eenjpite mixture a day. However, if she 
is fed»poor roughage or a scanty amount 
good *cpughage^ie may need about 
.2 lbs. of conceh^tes. Similarly, if this 
cow etfqjyjent picture she will n$ed 
on]^ about 6W* lbs. o? concentrates to 
un bright production, while over 
50 /las much will be needed on fair 
ftr? r "A> 4 »*<•'■ 


% During 4 years, the average yield 
: of milk on twice-a-day milking was 12,- 
*347 lbs. and the average yield of fat 410 
lbs. The fat average was 400 lbs. or over 
each year. To secure this high yield, the 
cows received an average of 4,035 lbs. 
hay and 8,093 lbs. corn silage, were on 
pasture an average of 160 days, and were 
fed an average of only 2,577 lbs. grain 
mixture. The rate of grain feeding was 
much lower than usual in this intensive 



amt:* 




An Abundance of Roughage Saves Concentrates 


When the supply of forage on pasture is scanty, cows should be fed hay or silage in 
tgjdition, so they can get their fill of roughage. A rectangular rack reduces waste and may be 
j5ed. for feeding either hay or silage. (From New York State College of Agriculture, Cornell 
IT \ersity. ) 


The excellent production that can 
be secured when well-bred cows have an 
at dance of high-quality roughage and 
a moderate amount of concentrates is 
weir shown by the records made by a 
dairyman in a New York dairy-herd im- 
prSement association. 53 The cows in this 
herd, which were chiefly Holsteins, had 
all they would eat of good legume or 
mixed hay and com silage during the 
barn-feeding season. In summer excel- 
lent pasture was provided on well-fer- 
tilized fields. Whenever the pasture be-, 
came at all scanty, silage or silage and 
hay were fed in addition. Thus the cows 
were, filled up with high-class roughage 
throughout the year. 


dairy district, being 1 lb. of grain mix- 
ture for each 4.8 lbs. of milk. For the 
4-year period the average annual cost of 
feed per cow was $89.50; the average 
value of product, $285.25; and the aver- 
age net income over feed cost $195.75. 

A New Hampshire dairyman who 
made full use of pasture and hay mix- 
tures containing Ladino clover secured 
as large a milk yield as this, with even 
less concentrates. 54 Though he fed an 
average of only 1,220 lbs. of grain mix- 
ture per cow per year, he obtained an 
average of 13,030 lbs. milk and over 400 
lbs. of fat. This was made possible by 
feeding in winter an abundance of early- 
cut, high-quality hay, along with silage, 
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and providing excellent pasture on well- of fertility and were fed the excellent 
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fertilized fields throughout the growing hay in addition. 


season. Before he used the 'efficient, new- On this unusually ejicellent si%ply * 

type pasture and hay mixtures, he fed of roughage, without any : concentrate^ 
over twice as much grain mixture a cows produced . S 1.5 per cenJUas imrjh * 
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year, but the average milk yield was faf-correctei Mlk a year as others thflw 


,1023. Good roughage cannot en- 


fed concentrates in?s*dditfcsrf at the 
rate of 1 lb. of concentrate mixturefiper 

n n. . r -n ^ .-*2 A* 


tirely replace concentrates. — The needs 3 lbs. of milk. Other cows fed ddncei^ 


of good cows for total digestible nu- 
trients and net energy cannot be fully 
met by supplying only an abundance of 


— » — j TP*/ * A 5 uii uuuAAuau^u Ui — ** A * A *v v 

roughage, without the feeding of any more liberally 


trates at the low rate of 1 lb. for eachjflj 
lbs. of milk produced 94.5 per cent Hr 
much milk as those fed concentrates 


grain or other concentrates. This is true 


1024. Is there Jf lactation factor? - 


wiiwma ica. j .ms lit Li Lit? is mere# lactation tactorr-*- 

even when they have the best of pasture Opinions of scientist! differ' m to whether^ 

during the growing season and . are fed the deficiency of nJt energv in 


an abundance of good hay and silage the of roughage alone for daffPcows ’ isj 
rest of the year. - T ' •* * ^ ^ 


only cause of the lower production H? 


it cows capable of high production such rations. From their Michigan ex- 

are fed only roughage of any ordinary periments Huffman and associates have 

nnallh; Fh£»ir ix/ill yv»j»u4i<is'ux .An.-.,* 1 11 1 .1 . ■■■ . 
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quality, they will produce decidedly less concluded that- % most concentrates and 
milk than when fed the usual amount of certain other feeds supply an unknown 
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concentiates m addition. This is first of lactation factor or factors” needed for 


***v.v V * v/x Att'-wio i*cx.<aru iur 

ail because such roughage is so bulky high milk production. 5 ® In the expert- 

and so low in total digestible nutrients ments, after cows had declined 
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and net energy that a cow cannot eat production on alfalfa hay alone, i 

enough such feed to supply the amount the hay was replaced by an 

of nutrients required for high produc- grain or other feeds which furnishUPi 1 
tion - same amount of total digestible nutrients. 


When the ration does not furnish In most cases the milk yield f#«s;eased 
enough net energy to meet the needs for appreciably. Similar results were secured 

mainfonanno omrl -C™* ^ . j. „£ *TT. _• . . .. . i w** . . Jf 
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maintenance and foi the amount of milk in Oregon and West Virginia tri al s.. and 
a cow is yielding, she can draw on her in an Arizona experiment Sraoe- 
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body stores lor a brief time, provided fruit pulp increased milk production of 
that she is in good condition of flesh, cows previously fed alfalfa alone m*:e 
However, her milk yield will soon fall to than did an equal amount of the usual 
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the level that is permitted by her nu- type of concentrate mixture. 5 
trient intake ”” - 


When grain or other concentrates 


rr ,i . r _ F ' “ v “ ux Ljuxci cuiiucmrates 

If the roughage is of superlative replaced part of the hav on an equal 

quality and is fed in abundance, so the total-digestible-nutrient basis in these 


cows can select only the leaves or other trials, the ration of course had more net 
finer and more nutritious parts and leave energy, and this could well have been 

flip Cfpmc r<n /-il-i 1 — ^ ,1 J r> . •, . 
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the stems, such roughage alone may pro- the cause of the increase in milk produc 
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' o -o- ui me increase m miiK produc- 

duce nearly as much milk as when con- tion. However, in the later Michigan* ex- 
cen trates are ff^n in arlrlif ■inn’ Tn n — -x.. xl. _ _ 1 . 
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centrates are fed m addition. In a 5-year periments the substitution was made on 
New Jersey experiment cows were fed in an equal net energy basis, but the milk 


winter unusually good alfalfa hay (U.S. yield again seemed to be increased in 
No. I extra green and leafy, second and most cases. 
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“ ird 5s c ^ in ^ and w ed - eared corn si- In the Michigan trials early-cut hay 
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lage. 55 The hay was fed 4 times a day of high quality seemed to be higher in 

m greater amounts than the cows would the lactation factor than ordinal hav 
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^Rf^arly-cut hay ha# more net* energy per 
^'f’^poun# of fhtalj(|lgestible nutrients than 
ilmoe^ordinaryiiay, and well-eared corn 
' Walage inucli rhore than silage \yith few 

S The results of Matylafnd and I&fr 
'k s&^erim^fc differ from. thosJBf 
il^idhigan Jptvestigations. 58 In trials 
h coWs. whose milk yield had declined 
nay, alone, the production was not in- 
II** cr^fied when part of the hay was re- 
jji^plaa&d by an amount of concentrates that 
||V rurnished equal net* energy. The investi- 
Ml gators therefore corMuded that the in- 
crease in yield occurs under usual 
f f fTl ^ditions whgji. concentrates are added 
Mr tj hay alonJSlifiild be explained chiefly 
Jr; ^ entirely on the net energy basis. 

1 * From the practical standpoint, no 

[ imatter whether or not, there is an un- 
| known lactation factor T$#tich is required 
; for high milk production, all agree that 
r L maximum milk yield cannot be secured 
il^qn^ly roughage of any usual quality. 
If ' there is agreement that excellent, 
f | |ddjS||it hay will 1 produce more .milk 
I .JHHrdinary hay, and that well- eared, 

\ w^Pmatured corn silage is superior to 
I silage with few ears. 

ttfMte Determining the most profit- 
able level of concentrate feeding. — De- 
termining the most profitable amount of 
concentraff^ to feed dairy cows in addi- 
tion to an abundance of good roughage 
is- one of the most important problems of 
dairying. The answer will depend on the 
relative cost of nutrients in roughages and 
concentrates, on the price received for 
the milk, and on the productive capacity 
of the cows. Many experiments have 
been conducted to study this problem, of 
which the most extensive were the 'In- 
put-output” experiments conducted by 
thetUnited States Department of Agri- 
culture in cooperation with 10 state ex- 
periment stations. 59 

These and other investigations have 
shown that when cows capable of good 
production are changed from the usual 
method of feeding to roughage alone, fed 
in abundance, they will usually yield only 
about 75 per cent as much milk and fat 
as on a normal ration. If continued on 
roughage alone for consecutive years, 
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more net* energy per their yield will drop still further. This is 
;estible nutrients than because they tend to run down in con- 
, and well-eared com dition, or because they become depleted 
than silage \yith few of the "lactation factor” mentioned pre- 

S ’ v viously. 

When various amounts of concen- 
trates, or grain mixture, are added, step 
by step, to a plentiful supply of rough- 
ilk yield had declined age, the milk yield of a good cow will be 
►reduction was not in- increased until her full capacity is 

: of the hay was re- reached. However, the "law of diminish- 
it of concentrates that ing returns” operates in determining the 
fc|energy. The investi- amount of additional milk that will be 
Aluded that the in- secured from the successive additions of 
.tfoccurs under usual concentrates. This means that more addi- 
mcentrates are added tional milk is obtained, per 100 lbs. of 
be explained chiefly concentrates added, from the first few 
net energy basis. hundred pounds of concentrates fed a 

.ctical standpoint, no year, than from further additions. Con- 
not, there is an un- stantly decreasing amounts of additional 
;tor #feich is required milk are secured, per 100 lbs. of con- 
uction, all agree that centrates added, as the level of concen- 
ld cannot be secured trate feeding is increased, 
of any usual quality. The feeding of greater amounts of 

emeht that excellent, concentrates will not only produce more 
produce more .milk milk, but will also reduce the amount of 
and that well-eared, hay and other roughage that the cow can 
silage is superior to consume in a year. Usually, the amount 
s. of total hay equivalent, including pas- 

sing the most profit- toe > saved by each pound of cone en- 

sntrate feeding. De- trates added per day will range between 

profitable amount of a5 and °* 8 lb - The amount of hay equiv- 
i dairy cows in addi- a * ent saved per pound of additional con- 
tce of good roughage centrates seems to increase slightly as the 
mportant problems of Ievel of concentrate feeding is raised, in- 
er will depend on the stead of decreasing like the additional 
ients in roughages and 7 ield o£ milk * This is probably because 
ie price received for tbe total capacity of the cow for holding 
e productive capacity ^ eed * s be * n § approached, 
ly experiments have 1026. Effect of successive additions 

study this problem, of of concentrates. — From the results of the 
tensive were the "in- cooperative "input-output” experiments, 
ments conducted by careful estimates were made of the ef- 
Department of Agri- feet produced by successive additions of 
ion with 10 state ex- concentrates to all the roughage cows 
would consume. Some of these estimates 
er investigations have are given in the table on the next page. 
x>ws capable of good The cows averaged 1,142 lbs. in weight, 
nged from the usual Their average yield was 8,919 lbs. of 4 
:o roughage alone, fed per cent fat-corrected milk in previous 
will usually yield only lactations when fed concentrates and 
as much milk and fat roughages in accordance with usual dairy 
tion. If continued on practice. 

\r consecutive vears. The table shows that as the level 
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of concentrate feeding is increased, the 
amount of additional milk secured per’ 
pound of concentrate added steadily de- 
creases. About 1.3 lbs. of additional milk 
(on the 4 per cent fat-corrected basis) 
are obtained when a small amount of 
concentrates is added to all the roughage 
a cow will eat. The amount of additional 
milk secured per pound of concentrates 
added steadily falls. When cows are fed 
an unusually large amount of concen- 
trates, only about 0.3 lb. more milk is se- 
cured per pound of additional concen- 
trates. 


the latter part of lactation and the dry ^ 
period for the development of the calf, 
they lost weight and ran down in condi- jl 
tion. On the other hand, when cows haal 
at all times all the good roughage thtvi 
wanted and were in good flesh %t calv- ■ 
ihg, they produced well if fed according 
to the Haecker standards during tl\<^R'>c- 
tation period. * JUti 

In these studies there were no 
nificant differences between The ' * 

and light rates of concentrate feeding ] 
health and reproduction of the cows, | 
cept there was more trouble from 1 


Effect of adding increasing amounts of concentrates to dairy rations 





Additional 

Decrease in bay 

Concentrates 

Hay equivalent 

Estimated yield 

milk per lb. con- 

equiv. per lb. eon 

fed per year 

fed per year 

of 4 % milk 

centrates added 

centrates added 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

. "Lbs. 

0 

11,338 

6,438 



450 

11,048 

7,020 

1.3 

0.6 

900 

10,751 

7,517 

1.1 

0.7 

1,350 

10,447 

7,947 

1.0 

0.7 

1,800 

10,136 

8,317 

0.8 

0.7 

2,250 

9,817 

8,639 

0.7 ; 

0.7 

2,700 

9,492 

8,915 

0.6 

0,7 

3,150 

9,159 

9,156 

0.5 

0.7 

3,600 

8,818 

9,368 

0.5 

0.8 

4,050 

8,471 

9,550 

0.4 

0.8 

4,500 

8,116 

9,708 

0.4 

0.8 

4,950 

7,754 

9,847 

0.3 

0.8 

5,400 

7,385 

9,971 

0,3 

0.8 


i U 


The table shows that at the lower 
levels of concentrate feeding each pound 
of concentrates saved about 0.7 lb. of 
hay equivalent. At the highest levels of 
concentrates, the amount of hay equiva- 
lent consumed was reduced about 0.8 lb. 
for each additional pound of concentrates. 

At the level of 2,250 lbs. concen- 
trates annually, the cows received a trifle 
more total digestible nutrients a year 
than the total advised for maintenance 
and milk production in the Haecker 
standards. At the highest level of con- 
centrates, the annual total digestible nu- 
trient intake was about 16 per cent above 
the Haecker standards. 

When cows were fed strictly accord- 
ing to the Haecker standards, with no 
pasture and no additional feed during 


going “off-feed” when fed heavily on co(f 
centra tes. 

One reason why the law of dimin- 
ishing returns applies when different 
levels of concentrates are fed is that at 
higher levels of concentrate feeding the 
digestibility of the ration is slightly de- 
creased and the net-energy value de- 
creased still more. (101, 78) After mak- 
ing a critical study of the results of the 
input-output investigations, Reid of Cor- 
nell University has recently pointed out 
that some of the difference in amount of 
milk produced per pound of added con- 
centrates at the higher levels of concen- 
trate feeding and at low levels can be ac- 
counted for by the following: 60 On. the 
low levels the cows lost weight, thus 
drawing on their bodies for some of the 
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energy in the milk they produced. At the 
higher levels they maintained their 
Iwef&hts or even gained. The loss in 
Freight on scanty feeding could not con- 
tinue for successive years, but the milk 
J^oduction would decline to the amount 
permitted by the nutrient intake. 

the “input-output” studies at cer- 
i of the experiment stations some 
were fed all the concentrate mix- 
r^f^hey would eat, being brought grad- 
*•' Sy up to full feeding. For example, in 
Pennsylvania tests Holstein and 
j| n Swiss cows ate an average of 24.6 
Concentrates a day throughout the 
^tatita period. The highest amount was 
89 lbs.1 during the peak of production. 
When thus fed by skilled herdsmen, the 
^ ->ws remained in good health. Though 
) ue milk yield was increased somewhat 
oy such heavy feeding of concentrates, 
he added amount secured per pound of 
# additional concentrates fed was too small 
\o be profitable under any usual condi- 
^ /fens. 

1027. The most profitable level of 

J titrates. — Good judgment and ex- 
nce are necessary to determine the 
most profitable level of concentrates to 
feed in any herd, in addition to an abun- 
dance of good roughage. The data in the 
preceding table indicate the approximate 
amounts of additional milk secured per 
pound of added concentrates, at various 
Le vels of feeding. Also, one must con- 
sider the saving in roughage as the 
amount of concentrates is increased. Any 
dairyman who is in doubt as to the best 
level of feeding to use under his local 
conditions should consult his county ag- 
ricultural agent or ask for further infor- 
mation from his state agricultural col- 

le ^ e *In the corn belt and eastward it is 
generally most profitable to supply good 
cows with enough concentrates, in addi- 
tion to an abundance of high-quality 
roughage, to meet the recommendations 
of the feeding standards. When milk is 
high in price, in comparison with concen- 
trates, it may pay to feed cows of high 
productive capacity somewhat more con- 
centrates than called for in the higher set 
of figures in the Morrison standards. In 



other words, it may pay to feed more 
concentrates than stated in the grain 
feeding tables in Appendix Table VIII. 
Such heavy feeding is advisable only for 
an experienced dairyman, who watches 
his cows closely to prevent their going 
4 off-feed” from receiving an excessive 
amount of concentrates. 

At the other extreme, in such re- 
gions as some of the alfalfa districts of 
the West, alfalfa hay may be so cheap 
in comparison with concentrates that it 
will be most profitable to feed much less 
concentrates than called for by the feed- 
ing standards. Under these conditions, it 
may even be most economical to use no 
concentrates whatsoever, but to feed the 
cows only hay and other roughage, with 
pasture in summer. When milk is high in 
price, it pays even under such condi- 
tions to feed some concentrates, in order 
to secure a larger yield. 

When an abundance of high-quality 
roughage is provided, only a very moder- 
ate rate of concentrate feeding may be 
most profitable and may produce as 
much or nearly as much milk as more 
concentrates. For example, in an Ohio ex- 
periment cows were fed in winter all the 
good alfalfa hay they would eat, with 
corn silage in addition. 61 In summer they 
had first-class pasture. When fed about 
as much grain mixture as advised in Ap- 
pendix Table VIII for very liberal feed- 
ing of good roughage,” cows produced, 
on the average, fully as much milk as 
cows fed considerably more grain mix- 
ture. First-calf heifers placed on the 
moderate rate of concentrate feeding 
tended to yield less milk the first year 
than those fed more liberally, but in the 
following lactations they produced more 
than the cows fed larger allowances of 
grain mixture. 

1028. Milk production on roughage 
a l one _Several experiments have been 
conducted, especially by western experi- 
ment stations, to determine how much 
milk and fat good cows would yield on 
roughage alone. 62 The actual production 
on such rations will differ considerably, 
depending on the quality of the hay or 
other roughage, the size and productive 
capacity of the cows, and on whether a 
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phosphorus supplement is provided to 
ensure an ample supply of this mineral 
nutrient. 

From a study of the results of such 
experiments conducted by the United 
States Department of Agriculture and 
western state experiment stations. Wood- 
ward reached the following conclusions. 03 
On a ration of only good alfalfa hay, plus 
a phosphorus supplement if needed, good 
cows milked twice a day will yield about 
0.8 lb. of butterfat a day, as an average 
for the lactation period, or approximately 
250 lbs. of fat a year. When corn silage 
is fed in addition' to alfalfa hay, the an- 
nual yield of fat will be increased to 
about 275 lbs. If the cows have first-class 
pasture in addition during the growing 
season, it is possible to increase the yield 
to 300 lbs. of fat a year. He states that 
these yields should be considered maxi- 
mum, rather than average, because the 
quality of both the hay and the pastur- 
age was somewhat above average in the 
experiments upon which the estimates 
were based. 

Because of the widespread use of 
hay-crop silage for dairy cattle, it is im- 
portant to note that higher milk produc- 
tion cannot apparently be maintained on 
hay-crop silage alone 'than on hay alone. 

In a recent Indiana test Holste'ins that 
had been producing 45 to 50 lbs. of milk 
a day, dropped rapidly to 25 to 30 lbs. 
when fed only alfalfa silage. 64 

In the southern states good pasture 
can, with proper fertilization and good 
management, be provided during most 
of the year. Under such conditions higher 
milk yields can be secured without con- 
centrates than in colder regions where 
cows cannot be pastured in winter. For 
example, at the West Tennessee Station, 
Jersey cows fed no concentrates averaged 
5,883 lbs. milk and 342 lbs. fat a year. 65 
They were provided with all-year pas- 
ture, crimson clover or crimson clover 
and ryegrass being used from late fall 
until spring. In addition they were fed ] 
alfalfa hay and silage, thus having an < 
abundance of good roughage at all times. < 
Though good production was thus se- i 
cured without concentrates, other cows i 
fed an average of 1,933 lbs. concentrates 


a year produced 980 lbs>more fat-cor- i 
rected milk. ^ 


^ 1029. Liberal feeding dfecessary foiC 

j g°od production. — Good milk production 
I camiot be secured unless cows have 
abidance of feed. When concentrates' 1 
[ a re so high in price in comparison ffith 
. roughage that wise to feed less <2^ 
centrates than normal, special care 
be taken to keep the cows filled up 
high-quality rg£gjiage. Otherwise, pro- 
duction will b«S|b low that the net 
turns wiQ^be seriously reduced. . ' 

The * financial Jfcefits from^he , , 
proper feeding and ]£ib of good’tf.^ 
are shown in a striking “manner by 
Indiana demonstration. 66 Cows that were 
of good type, but which had been 3ov Jg 
producers, were selected from farm;# 
where the cattle had not been well fefif. - ' 
They were then brought to the Station * 
and properly fed and cared for. On the 
Indiana farms these cows had produced 
an average of only 5,064 lbs. milk, but ** 
in the Station herd the following year 
they averaged 8,662 lbs. Thougb^i 
annual feed cost per cow was 65 peJBft 
higher than when they had been*¥ed 
poorly, the investment In proper feeding 
and good care brought 74 percent greater 
net return over feed cost. Just as striking 
proofs of the benefits from proper feed- 
ing and care are furnished by numerous 
instances in the records of cow-testing 
associations, where dairymen have 
greatly increased their net income by 
adopting improved methods. 

1030. Feeding only a limited 
amount of roughage. — Some producers 
of market milk on high-priced land near 
the large cities follow the plan of limit- 
ing the amount of roughage and feeding 
an unusually liberal amount of concen- 
trates. They do this because they wish 
to keep the maximum number of cows 
on their farms, and they can more readily 
provide additional feed in the form of 
purchased concentrates than in the form 
of purchased roughage. In other dairy 
districts, the supply of home-grown 
roughage may occasionally be seriously 
reduced because of drouth. i 

Under such conditions, the problem 
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^.always arises 'as to whether it is more 


^ ^eco$$mical ta^jpy hay or to purchase ad- 
*; JjMifjr^al cd^ceiitrates as a substitute for 
usua ^ roughage allowance. 
t Jhe # net energy values of concentres 
.oh hay provide the best basis J|pr 
f ivuiphig a decision. Comparisons basegSh 
JB at digestible nutrients, will give sotne- 
too high a value to hay, if there is 
„ available orf :the farm enough 

ra roughage , v to supply . suffi- 
■OT./,fftfc , R , \Su! IP t nough vitikmins. 
jr W-: s P e %S concentrate mixture 

v | r parfl°nt# P*boui f 70 to 75>>therms of 
\ r ‘ _ feterty ' hf ^er j fl yO lbs., while good- 
'"I m quality hay wilP supply 40 to 45 therms 
0 per 100 lbs. On the average, it will take 
a§ y, bout 1.75 lbs. of good hay to provide 
ft s much net energy as is furnished by 1.0 
, 1 ... of a good dairy concentrate mixture. 
On this basis, such a concentrate mixture 
would be worth 1.75 times the price of 

« good hay as a substitute for part of the 
roughage usually fed to dairy cows. 

It is wise to feed cows at least half 
|he normal amount of roughage, instead 
flB)lacing any larger proportion with 
coventrates. Good roughage is usually 
the chief source of carotene in winter ra- 
tions. Also, a certain amount of good 
roughage seems to be necessary for rumi- 
nants to digest and utilize their feed 
normally. (45) 

Several experiments have proved 
that if cows are fed only a small amount 
of hay and no other roughage, but with 
a liberal amount of a concentrate mix- 
ture, bad results follow. 67 The milk yield 
usually declines decidedly, the fat per- 
centage falls greatly, and the cows fre- 
quently go ‘off feed.” In some experi- 
ments the fat test has declined somewhat 
when as much as 8 lbs. of hay a day has 
been the only roughage. Finely-ground 
hay has a more pronounced effect than 
the same weight of long hay. This effect 
is very marked and the results may be 
serious if only 2 to 4 lbs. of hay are fed, 
with no other roughage. In Wisconsin 
trials the milk in some cases had less than 
1 per cent fat. 

Bulky concentrates, such as brewers’ 
dried grains, dried beet pulp, or dried 
citriis pulp, were not a satisfactory sub- 


stitute for all the roughage in Florida ex- 
periments. 68 A very marked decline in 
fat test has been reported in some in- 
stances when cows have been pastured 
on very young cereals, without other 
roughage. 

1031. Including alfalfa hay in con- 
centrate mixture. — If plenty of ordinary 
roughage is available on the farm, there 
is no advantage in adding ground alfalfa 
hay or alfalfa pellets to the concentrate 
mixture. The added alfalfa is still hay, 
and not a concentrate. 

The experiments summarized pre- 
viously show that milk production is not 
increased by this addition, and it is nec- 
essary to feed enough more of such a 
mixture to offset the lower amount of 
total digestible nutrients and net energy 
in hay. (459) When 20 or 30 per cent 
of alfalfa meal or pellets has been in- 
cluded in a concentrate mixture, the 
added alfalfa has been worth only about 
two-thirds as much as the usual concen- 
trate mixture. 

1032. Self-feeding cows. — Although 
the self-feeding method is widely used 
in swine feeding and is also often em- 
ployed in the fattening of cattle and 
lambs, self -feeding a concentrate mixture 
is not satisfactory for dairy cows. Ex- 
periments at the Illinois and Virginia Sta- 
tions show that when cows are self-fed 
grain and other concentrates they will eat 
a much greater amount than they need, 
thus making the method decidedly un- 
economical. 69 If self-fed different con- 
centrates, free-choice, they will also eat 
a much larger proportion than necessary 
of the protein-rich feeds. 

A mixture of concentrates and 
coarsely ground or chopped hay can be 
self-fed to cows, the proportion of hay 
depending on the milk production. 70 
However, the milk yields of the various 
cows in a herd differ widely, and those 
yielding a small amount of milk need 
much less concentrates than the cows 
producing at a high level. Self-feeding 
the same mixture of concentrates and hay 
to all the cows does not adjust the con- 
centrate intake to the actual needs of 
the individual cows. 
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1033. Mineral requirements. — It 
has been shown in Chapter VI that in 
most regions common salt is the only min- 
eral that is usually deficient in rations 
that are otherwise satisfactory for cat- 
tle. 71 Since milk is very rich in calcium 
and phosphorus, it may sometimes be 
necessary to feed dairy cows a supple- 
ment furnishing one or both of these 
minerals, as advised later. In the areas 
where there is a deficiency of one of the 
trace minerals, the lack should be cor- 
rected, as explained in Chapter VI. 

1034. Salt. — Except in a very few 
areas where the forage has an unusual 
content of common salt, salt should be 
supplied regularly to cattle, as advised 
in Chapter VI, or they will not thrive. 
(140) Probably the best plan, in the case 
of cows being fed the usual amount of a 
concentrate or "grain” mixture, is to mix 
1.0 lb. of salt with each 100 lbs. of con- 
centrates, and then in addition provide 
salt in a salt box or by the use of salt 
blocks, so the cows can always have 
access to it. Mixing some salt with the 
grain mixture tends to make it more 
palatable and also insures that the cows 
get salt each day. Most of the formula 
dairy feeds contain added salt. 

Extensive experiments on the salt 
needs of dairy cattle have been con- 
ducted recently by Smith and associates 
of Cornell University. 72 When no salt 
was supplied dairy cows, they soon 
showed marked craving for it. However, 
appetite, milk production, and live weight 
were not affected for 5 months or more. 
Then cows suffered greatly from the lack. 
The milk yield fell, the cows lost much 
weight, and death could occur. Recovery 
was rapid when salt was supplied. 

The experiments showed that about 
1 ounce per head daily met the require- 
ment for cows producing up to 12,000 
lbs. of milk a year. When cows were fed 
the usual amount of concentrates, this 
’ need was met nicely by including 1 per 
cent of salt in the concentrate mixture. 
When cows fed a concentrate mixture 
containing no salt were allowed free ac- 
cess either to block salt or to granular salt 
in a weather-protected box, they con- 
sumed about twice as much granufar salts 
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as of block salt. However, th^i^getting* if 
block salt tqok enough to mfeefrftfcew 
needs. H ' ,■ \ Jf £ I# 

1035. Phosphorus requirenfe^t^- • 
I Mry cows usually receive suffk PM 
p ap phorus, if they are fed eiioughifon- % 


cJitrates to meet the recomn^pfe«p h A 
of the feeding s^anoirds and. 
centrate mixture contain ■ k* aj^Sp> * llPfe? 

cent of such high-pl 


supplements as wheat h \ 

meal, or linseed meal. TbfW a W/ire 


tion may be when the nmucecu l 


on soil decidedly lacking Us , JR 

A ration of roughage^ 
only roughage and farm gram is 
be deficient in phosphorus, especially 
high-producing cows. Therefore 
phorus supplement should be .>ddJLJxl^ll 
such radons, unless one is sure 
roughage has been grown on a soil w^Al 
supplied with phosphorus and 
actually has a good phosphorus con|dHra| 
(150) Accordingly, a phosphorus su^^^^n 
ment should usually be supplied to 
on pasture which are fed no o|i^gj^ vi ' • ■ 
trates, or when they are fed only JBw 
grain on pasture. ™ 

A phosphorus supplement is espe- 
cially needed when a considerable part 
of the ration consists of & ^hich is 
very low in phosphorus, such as beet 
pulp, molasses, cereal straw, or cotton- 
seed hulls. The effects of a deficiency of 
phosphorus have been described in 
Chapter VI. 

When thjsre may possibly be a de- 
ficiency of phosphorus, It can readily be 
prevented by allowing the cows access 
to one of the mineral mixtures previously 
recommended, or else by adding 20 to 40 
lbs. of bone meal or some other safe 
phosphorus supplement to each ton of 
concentrate mixture. (186) A phosphorus 
supplement containing a dangerous 
amount of fluorine should not be used.. 

( 169 ) If the concentrate mixture already 
has at least 0.5 per cent phosphorus, 
there is no need of adding a phosphorus 
supplement to it. 

The amounts of phosphorus advised 
in the Morrison feeding standards (Ap- 
pendix Table III) are based on the in- 
vestigations of Huffman and associates 
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.tW^pKilgaja'.. Station/ 3 By computa- 
W • > ' bor^ it will be 1 found that the ration of 

I a day should contain, on the air- 

; dr/ 'basis, about 0.23 -per cent phos- 
ration of a cow yieldpig 
|^2r 60 lbs. of milk, about 0.26 per cent phos- 
PfH* data ‘in Appendix Table 
I ‘'^^«W j ^dkietermine' the approximate 
I ; of phosphorus a particular 

ml furnish, if the roughages have 
on soil fairly well supplied 
| S’ y spe5|'hosphoruso In computing the per- 
1 M^vpar||s^ °h pSosphorus in a ration con- 
i ' 1 lg silagd, the silage should be re- 

I t6 kn air-dry basis by dividing the 
■uSbl: fed by 3 and multiplying the 
v^ ^iorus percentage shown in the 
3. For example, 30 lbs. of well- 
‘^^TO^corn silage of average composi- 
"m j„ $ u > containing 0.07 per cent phos- 
JLJ$ are approximately equal to 10 
nHUHroF air-dry silage containing 0.21 per 
phosphorus. 

• West Virginia experiments Hol- 

heifers producing 20 to 30 lbs. of 
showed no serious evidences 
opgJf 0 | ^orus deficiency when receiving 
somewh w j-less phosphorus than recom- 
1 men de d ibv the Michigan investigators. 74 

believed that they were 
on the rime of deficiency, as they 

showed a tack of appetite and certain 
other symptoms. 

1036. Calcium requirements. — In 
spite of the fact that milk contains a 
slightly greater quantity of calcium, than 
of phosphorus, there is h$ach less apt to 
be a lack of calcium in dairy rations than 
of phosphorus. This is because even non- 
legume roughages generally contain more 
calcium than phosphorus, and all legume 
roughages are very rich in calcium. Also, 
cows can apparently utilize the calcium 
in their feeds somewhat more efficiently 
than the phosphorus. 

Dairy cows will receive plenty of 
calcium when at least one-quarter of 
their roughage, on the dry basis, is leg- 
ume hay or other legume forage. Even 
when they receive little or no legume 
forage, the supply of calcium is not apt 
to be deficient if they are fed plenty of 
roughage of good quality, unless the for- 


age is raised on soil very low in this min- 
eral. When there is no legume roughage 
in the ration, it is probably wise to sup- 
ply a calcium supplement as insurance 
against any possibility of deficiency, un- 
less the non-legume roughage has been 
raised on soil well supplied with calcium. 
When such a phosphorus supplement as 
bone meal is fed, this will supply both 
phosphorus and calcium. 

Calcium may readily be supplied by 
including 20 to 30 lbs. of ground lime- 
stone or other calcium supplement in 
each ton of the concentrate mixture, or 
by letting the cows have access to one of 
the mineral mixtures suggested in Chap- 
ter VI. (186) Unless the deficiency of 
calcium is serious, it is best to use not 
more than 20 lbs. per ton, or the palata- 
bility of the concentrate mixture may be 
lessened. Also, recent New Hampshire 
experiments have shown that the digest- 
ibility of protein may be decreased if too 
much calcium supplement is fed. 75 

In the Morrison feeding standards, 
the author has followed the recommen- 
dations of the special committee of the 
National Research Council concerning 
the amounts of calcium for dairy cattle. 25 
It will be noted that 8 grams of cal- 
cium per day are recommended for the 
maintenance of a 1,000-lb. cow and 1 
gram in addition for each pound of milk 
produced. An additional amount is ad- 
vised for the last part of the pregnancy 
period. It will be found that most dairy 
rations which are satisfactoiy otherwise 
will provide more calcium than the mini- 
mums considered necessary. 

Experiments have proved that good 
dairy cows are not injured when fed for 
long periods on rations having somewhat 
less calcium than advised in the stand- 
ards. In Wisconsin experiments good 
cows were fed a concentrate mixture low 
in calcium, with timothy hay and corn 
silage for roughage in winter and with 
grass pasture in summer. 76 The winter 
rations had only about 0.20 per cent cal- 
cium on the dry basis. Other cows re- 
ceived a calcium-rich ration, with leg- 
ume hay and pasture in place of the 
timothy hay and grass pasture* and with 
a mineral supplement furnishing addi- 
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tional calcium. The milk production was 
just as good on the low-calcium ration. 
Also, when some of the cows were 
slaughtered after 3 years on these rations, 
the skeletons of the cows fed the low- 
calcium rations were normal, containing 
as much calcium as those which had re- 
ceived the calcium-rich ration. 

In Minnesota trials no serious re- 
sults ocgfoed when cows were fed for 
long p|pds on a ration having only 
0.12 percent calcium. 77 In order to re- 
duce the calcium to this very low level 
it was necessary to feed only 6 to 7 lbs. 
a day of timothy hay that was unusually 
low in calcium. In similar experiments by 
the United States Department of Agri- 
culture it was concluded that milk cows 
do not need more than 0.16 per cent 
calcium in the dry matter of the ration 
and that growing heifers require slightly 
less, 78 

Florida and Louisiana experiments 
show that where the soil is unusually de- 
ficient in calcium, dairy cows fed only 
non-legume roughage, even of good qual- 
ity, may suffer seriously from a lack of 
the mineral, unless a calcium supplement 
is supplied. 79 In the Louisiana trials cows 
fed such a ration, very low in calcium 
but having adequate phosphorus, showed 
stiffness on walking, and in some cases 
humped back, bent hind legs, swollen 
leg joints, and constant licking. Some of 
the cows aborted, though the herd was 
free from brucellosis, and often the 
calves were born dead or very weak. 

In the Florida experiments the cows, 
which had a liberal amount of concen- 
trates, did not show the emaciation com-- 
mon in phosphorus deficiency. However, 
the milk yield was very low and some 
cows had suffered broken bones with no 
apparent cause. In both series of experi- 
ments the bad results were prevented 
when a calcium supplement was pro- 
vided. 

1037, Losses and storage of cal- 
cium and phosphorus. — Extensive exper- 
iments have shown the rather surprising 
fact that even when high-producing cows 
are fed ideal rations, rich in calcium and 
phosphorus, they frequently put more of 
these minerals into their milk at the 



height of milk production than "they caxF 
assimilate from their feed. 80 Duringilhis 
period they therefore draw on the sllres^jw 
of these minerals in their ske^cSfts.V!^ 
When they are producing less miljEc and 
especially when they are dry, they 
able to rebuild their stores of calcfiim * 
and phosphorus. It is therefore impor^ 
to supply plenty of these minerals dur| 
the dry period. 

To find whether the process! 
drawing on the mineral reserves db© 
high milk production was injurious 
tinuous metabolism experiments ove^ 
tire lactation periods / ty.ere condip T * 
with good dairy cows by Ellenberger 



associates at the Vermont Station 


Forbes and colleagues at the F 
vania Station. 81 The cows, which 

. .. - t UP; 



calcium and phosphorus during the fir 
part of the lactation period, when the 
yields were largest. However, in near! 
all cases they stored sufficient of the mi: 
erals later so that by the next Calvin] 
time the losses were more than ’vol; 

This was true even when the 
fed no legume hay, but only ^ ^ 
thy hay and corn silage as the ^ Jjhages. 
Adding bone meal, ground liy : *^one, or 
a mixture of the two tenda^Jfi lessen the 
losses of minerals during 11® 1 early part 
of the lactation period and to result in a 
greater storage for the entire year. There 
was, however, no proof that the addition 
of these supplements improved the 
health or production of the cows. 

1038. Adding calcium or phos- 
phorus to good rations. — Experiments 
h§Ve been conducted by several stations 
to determine whether or not there would 
be any benefit from adding a phosphorus 
and calcium supplement to goocf dairy 
rations. 82 In these experiments one group 
of cows has been fed a well-balanced ra- 
tion, including plenty of good roughage 
and the usual amount of a concentrate 
mixture of the common type, with no 
mineral supplement except common salt. 
Another group has received the same ra- 
tion, except that a mineral supplement, 
such as bone meal, has been added to 
supply additional phosphorus and cal- 
cium. In some cases a mineral mixture 
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been used, containing such supple- 
fits as bone meal and limestone. 

Unless the roughage . was unusually 
ym phosphorus or in calcium, in most 
fejfeere has been no appreciable ben- 
the use of these mineral supple- 
.its. 71 has been true even when 
*gume hay or other legume 
been fed. These experi- 
jdia-’j 1 finitely proved that the use 
|H€$phbi i or calcium^ supplements 
Irilk cows is advisable only under the 
sjpe^ual conditions stated in the previous 
i jar|graphs. 

A039. Trace minerals. — Except in 
"tlie v ianeas where there is a deficiency of 
L7>one or the trace minerals — iodine, cobalt, 

* t; iron, or manganese — there is no 

from feeding a trace mineral sup- 
f Mh® mt, or in using trace-mineralized 
Sait * nstead of common salt. 88 Detailed 
affirmation on each of these minerals 
Ind on the 'way in which any deficiency 
ban be corrected has been given in 
ipter VI. 

; stated there, the claims which 
vm^times been made that man- 
ganese or oh *r trace mineral supple- 
ments will prevent or cure brucellosis, 
have been jroven false. (180) Studies 
have been:%johducted by the Wisconsin 
station to * abtermine whether a lack of 
trace minerals may be involved in re- 
peat-breeding cows, which require re- 
peated services to get them in calf. 84 It 
was concluded that trace minerals had 
little, if any, direct relationship to this 
problem. 

Rations unusually low in manga- 
nese, having less than 4.5 milligrams per 
pound, produced normal growth of dairy 
heifers, but on this very low level of 
manganese they did riot come into heat 
at as early an age as normal, and were 
slightly slower to conceive. Most ordi- 
nary dairy rations contain much more 
manganese than this. 

1040. Vitamin requirements.— Un- 
der any usual conditions vitamin A and 
vitamin D are the only vitamins that 
need be considered in the feeding of 
dairy cows. (198, 199) Generally, there 
is no lack even of these vitamins when 
dairy cows are on pasture during the 
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grazing season and are fed good rough- 
age during the rest of the year, including .v 
a reasonable amount of satisfactory field- 7 1 
cured hay. The requirements of dairy 
cows for vitamin A and vitamin D are 
considered in detail in articles which 
follow. The vitamin requirements of dairy 
calves and heifers and also of dairy bulls 
are discussed in a later chapter. !| 

The B-complex vitamins are synthe- U 

sized by bacteria in the fermentations ‘tjj 
which normally occur in the rumen of 7 

cattle. (209) Except in the case of very p 

young calves, ample amounts of these 
vitamins are therefore provided by the 
content in the feed plus the amounts syn- 
thesized by bacterial action. In Minne- 
sota and New York experiments there 
was no advantage in adding yeast, which 
is rich in these vitamins, to a normal 
ration for dairy cows. 85 To ensure a 
plentiful supply of B-complex vitamins, 
brewers’ dried yeast or some other B- 
complex supplement is often included in 
milk replacers for dairy calves weaned 
from milk at a very early age. (1119) 

Sometimes when cattle are in a very 
run-down condition because of inade- 
quate rations or because of disease or 
parasitic infection, the addition of yeast 
or B-complex vitamins may stimulate the 
appetite and be beneficial. 86 In such 
cases the normal bacterial action has 
probably not been taking place in the 
rumen. 

Like other farm animals, dairy cows 
undoubtedly require ascorbic acid (vita- 
min C), but sufficient amounts are nor- 
mally synthesized 5r formed in their body 
tissues. (224) When ascorbic acid is 
present in the feed of cattle, it is de- 
stroyed in the fermentations that take 
place in the rumen. Symptoms of scurvy, 
the disease caused by a deficiency of 
ascorbic acid, have been reported in dairy 
cows and calves in Michigan. 87 The con- 
dition of the cattle improved when they 
were treated by feeding chlorotone or by 
hypodermic injections of ascorbic acid. 

Advertising claims are made that 
the feeding of wheat germ oil or other 
vitamin E supplements aids in prevent- 
ing or curing sterility in cattle. With 
reference to this matter, the author 
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agrees fully with the statement of a spe- eral amounts of carotene, which animals 
cial committee of the National Research readily convert into vitamin A in their 
Council in their report on Recommended bodies. Also, when animals are on good 
Nutrient Allowances for Dairy Cattle: pasture, they store considerable vitamin ‘ 
“It appears that natural feed stuffs gener- A in their liver and other tissues/ This 
ally furnish adequate amounts of vitamin helps to meet their needs whene\|er the < 
E to supply the small amount needed/" 25 supply in the feed may be scanty. 

Sometimes muscular degeneration, Only when special vitamin A sim^. 

or dystrophy, and other symptoms occur plements are fed, for insta|r# in 'tjfe 
in calves fed restricted rations, without a case of young calves, do catt norm^J® 
normal amount of milk or plenty of good secure any of their vitamin A needs fjfimi 
roughage. 88 (223) Such trouble can gen- actual vitamin A in their feed, because 



Cattle on Good Pasture Store Vitamin A 

If dairy cows are on good pasture during the grazing season, they will start the barn- 
feeding period with a considerable store of vitamin A in their bodies. 

erally be prevented by the use of a vita- all feeds of plant origin are believed to 
min E supplement. In an Iowa experi- contain none. The vitamin A require- 
ment there was no benefit from adding ments are therefore commonly stated in 
a vitamin E supplement to a normal ra- terms of carotene. 

tion for dairy calves. 89 In the Morrison feeding standards 

1041. Vitamin A and carotene. the carotene allowances provide 40 milli- 

Dairy cows must have ample vitamin A grams of carotene daily per 1,000 lbs. 

to remain healthy and to produce thrifty live weight for maintenance, and an a ddi- 

calves, as has been shown in Chapter tional amount of 30 milligrams daily for 

VII, Fortunately, plentiful amounts are a 1,000-lb. cow during the last 2 to 3 
furnished when cows have good pasture months of pregnancy. These are the 
during the growing season and are fed same amounts as recommended in the 

a reasonable amount of good hay, with report by the special committee of the 

or without silage, during the barn-feed- National Research Council, which has 

ing period. These roughages supply lib- been referred to previously. 25 It is be- 
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' ^Sieved that these amounts are sufficient 
. for normal yields of milk and satisfactory 
, reproduction. As is shown later, the vita-- 
|g,min A value of the milk is increased con- 
siderably when the rations of cows pro- 
vide fir larger amounts of carotene or of 
** vitamin A. (1043) The carotene and vita- 
min A requirements of calves are dis- 
in • Chapter XXVII. • 

jS^SL^When dairy cows are fed a liberal 
%8»unt of good-quality roughage, they 
t will usually receive much more than the 
minimum amounts of carotene that have 
... been mentioned. For example, 100 milli- 
grams of carotene will generally be 
furnished by only 5 lbs. of field-cured 
legume hay of the best quality or by 
14 lbs. of fairly good legume or mixed 
hay. The same amount of carotene will 
be provided by 20 lbs. of corn silage of 
average quality. (Appendix Table V.) 

A fairly liberal supply of carotene is 
advisable for dairy cows during the latter 
part of pregnancy, because it increases 
the vitamin A store in the new-born 
<^ij| and also increases the vitamin A 
vB|| of the colostrum milk. (270) This 
teneS to make the calves more vigorous 
and thrifty, and to lessen trouble from 
scours or other diseases. 

The amounts of carotene needed by 
dairy cows for health and successful re- 
production have differed somewhat in 
experiments to determine the minimum 
requirements. 90 Guernseys and Jerseys 
need more carotene per 1,000 lbs, live 
weight than do Holsteins, probably be- 
cause they convert carotene into vitamin 
A less efficiently. It is believed that the 
amounts of carotene recommended in 
the standards are ample, even for these 
breeds. 

It has been explained previously 
that feeding a large proportion of soy- 
beans in the concentrate mixture for 
dairy cattle decreases the utilization of 
carotene or vitamin A. (792, 798) How- 
ever, this is not of practical importance 
unless the ration is borderline in content 
of carotene or vitamin A. 

1042. When may deficiencies of vi- 
tamin A occur? — It is important to know 
the conditions under which a deficiency 
of vitamin A may occur in the practical 


feeding of dairy cows. Fortunately, ani- 
mals have a large capacity to store vita- 
min A in their bodies when the supply 
is very liberal. (192) If dairy cows are 
on good pasture during the grazing sea- 
son, they may therefore have a sufficient 
store of vitamin A to enable them to 
get through the usual barn-feeding sea- 
son without decided injury on a ration 
low in carotene. For example, in Oregon 
trials dairy cows which had been on ex- 
cellent pasture in summer had normal 
calves in spring, even when fed poor- 
quality hay as the only source of caro- 
tene throughout the winter. 91 

However, it is not wise to feed ra- 
tions low in carotene during all the win- 
ter, even when cows have been on pas- 
ture in summer. Unless they have a large 
store of vitamin A in the fall, it may be 
depleted within 2 to 3 months on a 
deficient ration. 

That straw produces disastrous re- 
sults when fed as the only roughage to 
dairy cows over long periods was shown 
in extensive Wisconsin experiments. 92 
Cows fed wheat or oat straw as the sole 
roughage, with no pasture in summer, 
became unthrifty and aborted or had 
weak or blind calves. On the other hand, 
the results were satisfactory with well- 
cured corn fodder as the only roughage. 
The poor results were due to the defi- 
ciency of vitamin A and also to a lack 
of calcium. When these were added in 
later trials, reproduction was normal. It 
has been shown previously that the re- 
sults were also disastrous in other experi- 
ments in which poor-quality timothy hay 
was fed for long periods as the only 
roughage. (564) 

In Oklahoma trials prairie hay of 
good quality furnished ample carotene 
for dairy cows when it was fed liber- 
ally. 93 When only one-half the usual 
amount of hay was fed, with dried beet 
pulp replacing the rest of the hay, the 
supply of carotene was insufficient. In 
long-time New Mexico experiments a 
ration of whole hegari fodder (a grain 
sorghum) and cottonseed meal was so 
low in carotene that reproductive failure 
resulted and some of the cows died. 94 In 
North Carolina trials, including 26 per 
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cent of yellow corn in a carotene-poor 
ration of cottonseed hulls and cottonseed 
meal did not provide sufficient caro- 
tene. 95 Including 20 per cent of good 
soybean hay in the ration furnished 
enough carotene, but the same amount 
of poor-quality alfalfa hay was inade- 
quate. 

In general, it seems safe to conclude 
that if cows have reasonably good pas- 
ture in summer and if at least one-half 
their roughage during the barn-feeding 
season is good-quality hay or silage, there 
will be no deficiency of vitamin A. 

1043. Effect of breed on vitamin A 
value of milk and butterfat. — Part of the 
vitamin A value of milk and butterfat is 
due to the nearly colorless vitamin A 
which the cow has formed from the yel- 
low carotene in her feed. Part is due to 
carotene which she has transferred un- 
changed into her milk. 

Guernseys and Jerseys do not con- 
vert into vitamin A so large a proportion 
of the carotene they assimilate as do cows 
of the other breeds. They therefore se- 
crete more carotene and less vitamin A 
in their milk, and this makes it yellower 
in color. Likewise, their body fat and 
even skin secretions are colored yellow 
by carotene. Holsteins, Ayrshires, Brown 
Swiss, and Shorthorns convert most of 
the carotene into vitamin A, and there- 
fore their milk and body fat have but 
little yellow color. If Guernseys or Jer- 
seys are fed a ration low in carotene for 
a long time, their milk will also have 
little yellow color. 

Experiments have shown that when 
cows of the various breeds are fed simi- 
lar rations, there is no appreciable differ- 
ence in the total vitamin A value of the 
yellow-colored butterfat from Guernseys 
or Jerseys and that of the much paler 
butterfat from cows of the other breeds. 96 
As Guernsey and Jersey milk is normally 
considerably richer in fat than Holstein, 
Ayrshire, Brown Swiss, or Shorthorn 
milk, it will have a correspondingly 
higher total vitamin A value per quart, 
if the cows are fed similar rations. 

1044. Effect of ration on vitamin A 
value of milk and butter. — Over any long 
period, the vitamin A value of milk and 


butterfat depends entirely on the amount** - 
provided in the feed. Temporarily, a cow 
can draw on her body store for some of 
it. If cows are continuously fed rations 
low in carotene, not only will they them- 
selves be injured, but also their milk will * 
be very low in vitamin A value. This is ^ 
very important, both from the standpoint 
of human nutrition and in raising da^^w-*- 
calves. ■ , 

Experiments have shown that toq&F £& 
cure the maximum vitamin A value in 
milk, a much larger amount of carotene 
must be supplied in the feed than is . 
necessary for the well-being of the cow v 
herself. For example, in Indiana experi- 
ments 460 milligrams of carotene were \ 
needed in the ration to secure the maxi- 
mum vitamin A value in the milk. 97 As 
shown previously, this is about 5 t its 
as much as is needed for the well-being 
of the cows and for successful reproduc- 
tion. 

Under practical conditions milk has 
the maximum vitamin A value when the 
cows are on good pasture. 98 DuringJfe 
barn -feeding season the vitamin A 1 BH 
is less, but it may be kept reasormfiy 
high when good-quality hay and silage 
are fed. Since well-preserved hay-crop 
silage has more carotene than does corn 
or sorghum silage, it aids in maintaining 
a high vitamin A value and also yellower 
color in milk. (437) It has been shown 
previously that the feeding of soybeans 
or of soybean hay containing a consider- 
able amoimt of soybeans decreases the 
vitamin A value of the milk. (792) 

A very extensive study of the vita- 
min A value of butter and milk in vari- 
ous states has recently been made by the 
United States Department of Agricul- 
ture in cooperation with various experi- 
ment stations." It was found that 4 per 
cent milk produced under winter-feeding 
conditions had an average vitamin A po- 
tency of 1,140 International Units per 
quart, and summer milk a potency of 
1,800 International Units. However, 
much milk produced when cows are on 
first-class pasture has 2,000 to 3,000 
Units per quart. The average potency 
throughout the year was 1,530 Interna- 
tional Units. The average potency of 
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"i^reamery butter was about 15,-000 Inter- 
national Units per pound, with an aver- 
age of approximately 18,000 Units for 
summer butter and 11,200 for winter 
butter. 

When cows are fed adequate ra- 
tions, only a small percentage of the 
itamin A value of their feed is trans- 
ed into their milk. In various experi- 
ts the recovery of vitamin A value 
?the milk has not been more than 2 
or 3 per cent of that in the feed. 100 If 
rations are fed that are very rich in caro- 
tene, the percentage recovery in the 
milk is much lower. 

1045. Effect of adding a vitamin A 
supplement to good rations. — When dairy 
cows are fed plenty of good hay and si- 
lage, supplying still more vitamin A or 
carotene by the use of a special vitamin 
supplement will increase the vitamin A 
potency of the milk somewhat. However, 
it is doubtful whether it will generally 
increase the yield of milk or fat, or at 
legit increase it enough to warrant the 
dBense. 

||rln Florida, Idaho, and Wisconsin ex- 
periments the yield of milk or fat was 
not increased by adding to good rations 
over 1,000,000 International Units of vi- 
tamin A per head daily in the form of 
shark-liver oil, which is exceedingly rich 
in the vitamin. 101 In fact, the shark- 
liver oil tended to reduce the yield in 
the Wisconsin trials. In certain other ex- 
periments the addition of shark-liver oil 
or other vitamin A supplements has 
slightly increased the milk yield. 102 

Cod-liver oil should not be used as 
a vitamin supplement for dairy cows, be- 
cause it decidedly lowers the richness 
of the milk. (207) 

1046. Vitamin D. — Although dairy 
cows require vitamin D, adequate 
amounts are generally supplied by sun- 
cured roughages or are provided by the 
action of sunlight. However, advertising 
claims are often made that dairy cows 
are greatly benefited by vitamin D sup- 
plements. 

After considering all the data on the 
vitamin D requirements of dairy cows, 
the author agrees fully with the conclu- 
sions of the special committee of the Na- 


tional Research Council in their report 
on Recommended Nutrient Allowances 
for Dairy Cattle , 25 They state: 4< It is prob- 
able that under usual farm conditions 
adequate amounts of vitamin D are sup- 
plied by sun-cured roughages or pro- 
vided by the action of sunlight.” 

Cows which are on pasture during 
the summer grazing season start the 
barn-feeding season with a considerable 
store of vitamin D in their bodies. This 
is due almost entirely to the anti-rachitic 
effect of the ultra violet rays in the sun- 
light, as green pasture forage has little 
or no vitamin D. ( 204 ) 

In South Dakota experiments, in 
order to produjce any symptoms of vita- 
min D deficiency in dairy cows, it was 
necessary to keep them entirely out of 
the sunlight and to feed abnormal ra- 
tions, containing no field-cured hay or 
other sun-cured roughage. 103 Adding as 
little as 2 lbs. per head daily of good 
field-cured alfalfa hay to such rations 
cured cows showing severe vitamin D 
deficiencies, even though they were 
never exposed to sunlight. 

Even when cows had no ex- 
posure to sunlight and were fed a ra- 
tion devoid of vitamin D, with molasses 
beet pulp in place of hay, high-producing 
cows did not show definite symptoms of 
vitamin D deficiency until after about 
4 months in the South Dakota experi- 
ments. Cows giving 25 to 40 lbs. of milk 
a day did not become depleted of their 
store of vitamin D until after 6 to 8 
months. 

In these experiments it was found 
that if cows suffering from a vitamin D 
deficiency produced by these abnormal 
conditions were continued on the defi- 
cient ration, but exposed to sunlight, they 
recovered rapidly. This was true even in 
the fall and winter, when sunlight has 
less anti-rachitic effect. For example, a 
cow showing severe symptoms of defi- 
ciency in late October was restored 
nearly to normal in 6 weeks when con- 
tinued on the deficient ration but ex- 
posed to the late fall and early winter 
sunlight. 

There is insufficient information as 
yet to warrant definite conclusions con- 
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cerning the minimum amounts of vita- 
min D required by dairy cows. Wallis 
found that a cow which had developed 
definite symptoms of vitamin D defi- 
ciency on the abnormal ration without 
sunlight, improved greatly when 3,000 
International Units of vitamin D were 
added. 104 Even oat straw had 748 Inter- 
national Units of vitamin D per pound 
in the South Dakota studies. The feeding 
of 8 to 10 lbs. of most field-cured hay 
would supply 5,000 to 6,000 Interna- 
tional Units of vitamin D. Barn-dried 
hay and wilted hay-crop silage have 
been found to supply enough vitamin D 
to protect calves against rickets. (204) 

The vitamin D requirements of dairy 
calves are discussed in Chapter XXVIII. 
(1118) As stated there, under certain 
conditions, a vitamin D supplement 
should be added to the rations for dairy 
calves. 

1047. Adding vitamin D supple- 
ments to ordinary rations. — In a Massa- 
chusetts experiment there was no bene- 
fit from adding irradiated yeast as a 
vitamin D supplement to the ration of 
dairy cows maintained under good practi- 
cal conditions. 105 Similarly, in an Ohio 
trial under farm conditions, the exposure 
of dairy cows to the light from ultra-violet 
lamps, in addition to normal exposure 
to sunlight, was not beneficial to the 
cows, though it increased the vitamin D 
content of the milk. 106 

In a long-time Vermont experiment 
dairy cattle were fed for consecutive gen- 
erations on good, early-cut timothy hay 
in comparison with late-cut timothy 
hay. 107 Both groups received silage and 
normal amounts of concentrates lacking 
vitamins A and D. The cattle were not 
pastured during the summer, but were 
turned out for a short time daily through- 
out the year for exercise. During the 
growing season they were fed a limited 
amount of green soiling crops. Some of 
the cattle fed each kind of hay received 
a vitamin A and D supplement (cod- 
liver oil concentrate). 

Even though these cattle were ex- 
posed much less to sunlight than if they 
had been on pasture, no animals showed 
any deficiency of vitamin D, even on 


the poor-hay ration without any vitamin. A* ’ 
supplement. Also, there were no indica- 
tions of a deficiency of vitamin A. The 
addition of the vitamin supplement was 
of no benefit to the cattle fed the good- 
quality timothy hay, and of only slight 
benefit to those feck the poor hay. Until 
the heifers were a year old, the good h av 
produced definitely, better results tljffij^ 0 
the poor hay. ^JBh ' • 

In a New York trial, feeding a vita- 
min D supplement to dairy cows for 8 
weeks before calving, increased the vita- 
min D content of the blood of the cows, 
but did not consistently change the store 
in the calves at birth. 108 The feeding to 
dairy cows susceptible to milk fever of 
extremely large doses of vitamin D as £ 
preventive, for a very few clays be Coni 
calving, is discussed in the next cha? r. 
(1086) 


1048. Adding various mineral and 
vitamin supplements. — Claims are some- 
times made that the addition of various 
mineral and vitamin supplements to good 
dairy rations will prevent or cure bxjjBfc* 
losis (Bang’s disease) and lessen Aer 
breeding troubles. An extensive experi- 
ment was conducted at the Wisconsin 
Station to find whether the ravages of 
Bang’s disease could be lessened by ra- 
tions which were ideal and contained an 
abundance of legume forage, with min- 
eral and vitamin A and D supplements 
in addition. 109 Cattle raised on such a 
ration showed no more resistance to the 
disease than others which were fed ordi- 
nary rations that provided sufficient pro- 
tein but that had no legume forage and 
no mineral or vitamin supplements. In 
other experiments trace mineral supple- 
ments have been ineffective as preven- 
tives of brucellosis. (180) 

The effect of adding vitamin A or 
vitamin D supplements to good dairy ra- 
tions has been discussed previously in 
this chapter, and the use of kelp and mix- 
tures containing kelp has been consid- 
ered in Chapter XXIII. (977) In most 
other experiments there has been no 
benefit from adding complex mineral and 
vitamin supplements to the ordinary 
types of good dairy rations. 110 Sprouted 
oats, sometimes recommended as a pre- 
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•.vyentive of breeding difficulties, had no cared for them more efficiently in other 
Apparent beneficial effect in Nebraska respects, 
tests with dairy cattle. 111 When cows drink from an outdoor 

^ 1049 . Water, — Often the produc- tank, it is probably wise to warm the 

tion of cows is lessened because they water during very cold winter weather, 
cannot readily get plenty of water. There s @ they will drink sufficient for their 
' is no greater folly in dairying than this, needs. However, in a Washington test 
for feed and labor axgk expensive in com- the production was not increased by 
k ||||rison with water. <3f all farm animals, warming the water for one group of 
, cows in milk require the greatest cows, in comparison with another group 

> amount of water in proportion to their receiving water which had a temperature 
. size, becausa water forms about 87 per °f about 32° F. most of the time. 115 
cent of the milk they yield. C are should be taken to keep drink- 

The amourt of water cows will bowls and tanks in a sanitary condi- 

drink depends oij their size, the yield of ^on by frequent cleaning. This is an im- 
milk, the air temperature and humidity, portant point that is often overlooked, 
and the amount of water in the feed they Including both the water in their 

.-at 112 From 100 lbs., or 12.5 gallons, up ^ ee< ^ an< 3 the water they drink, cows con- 
o 120 lbs., or 15 gallons, per head daily sume from 3.4 to 5.5 lbs. of water for 
is an average amount for a herd, includ- each pound of milk they yield. On a ra- 
ing both cows in milk and dry cows. ^ on °f silage, hay, and concentrates, they 
Cows producing 100 lbs. of milk a day W ^1 drink in ordinary weather 2.3 to 4.4 
may drink 300 lbs. of water a day or ^bs. of water per pound of milk pro- 
even more. ' duced, in addition to the water in their 

Experiments have shown that pro- feed. 

Jfcng water by means of automatic In hot weather cows may drink 80 

arSfeing bowls, so the cows can drink P er cent more than in moderate weather, 
whenever they wish, increases the milk However, in a California test cows did 
yield of good cows 3.5 to 4.0 per cent n °t drink much more water at air tern- 
over watering twice daily, and 6 to 11 peratures up to 80° F. than at a lower 
per cent over watering once daily. 113 It temperature, when the air humidity and 
also saves labor and aids in providing a movement were kept constant. 116 In 
more sanitary supply of water. When weather down to freezing temperature, 
drinking bowls are not used, high-pro- cows drink about the same amounts as 
ducing cows should be watered at least * n moderate weather, if the water is not 
twice a day, and in severe weather they too C °M an d is comfortably acces- 
should be watered indoors, if possible, sible. 

There is less benefit from the use of The feeding of a ration very high in 

drinking bowls for low producers than protein considerably increases the water 
for high producers. Cows watered with consumption. Adding any succulent feed 
water bowls drank an average of about a dry ration decreases the water drunk, 
10 times each 24 hours, and about one- but not the total intake of water. If 
third of the water was drunk during the roots are fed in place of silage, cows 
night, from 5 p.m. to 5 a.m. drink less water, but the total water in- 

It was found on 500 Maine farms take in feed and water drunk is greater 
that the milk yield of cows watered with on the root rations, 
drinking cups was 19 per cent greater 1050 . Antibiotic feed supplements, 

than in herds watered out of doors and — Iowa, Kansas, and Louisiana experi- 
9 per cent more than in herds watered ments have shown that there is no bene- 
from a tub in the barn. 114 The greater fit from adding an antibiotic feed sup- 
production secured with drinking cups plement to rations for dairy cows. 117 
was undoubtedly due partly to the facts Neither the milk production nor the fat 
that the owners were more progressive percentage has been increased. In Wis- 
dairymen, had better cows, and fed and consin tests feeding an antibiotic supple- 
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ment was not an aid in getting hard-to- 
settle cows in calf. 118 

When cows have been fed an anti- 
biotic supplement no detectable amount 
has been found in the milk. On the other 
hand, when an antibiotic is introduced 
into a quarter of the udder to treat mas- 
titis, the milk from that quarter should 
not be used for human consumption for 

3 days, because of the presence of the 
antibiotic. 

1051. Thyroprotein. — Many experi- 
ments have been conducted in this and 
other countries to determine the effects 
of adding thyroprotein, or iodinated case- 
in, to the rations of dairy cows. 119 (54) 
These investigations have shown that 
when thyroprotein is fed under optimum 
conditions to good cows after they have 
passed the peak of milk production the 
milk production is generally increased 
from 10 to 25 per cent for a period of 

4 to 10 weeks. The percentage of fat in 
the milk is also usually increased slightly. 
After the feeding of thyroprotein is dis- 
continued, the milk yield is apt to fall 
below the normal amount, and conse- 
quently there may be little increase in 
milk production for the entire lactation. 

The drop in yield can be lessened 
by gradually withdrawing thyroprotein 
from the ration, instead of discontinuing 
it abruptly. 

When cows are fed thyroprotein, it 
is essential that a considerably greater 
amount of concentrates be fed than nor- 
mal for the amount of milk produced. 
Otherwise, they lose much weight and 
run down badly in condition. To prevent 
great loss in weight it has been neces- 
sary to supply about one-fourth more 
total digestible nutrients in the ration 
than normally required. Because of this 
and also because of the lowered milk 
yield after thyroprotein feeding is dis- 
continued, appreciably more feed may be 
required per 100 lbs. milk during the en- 
tire lactation when thyroprotein is thus 
fed. 

Feed manufacturers making a for- 
mula dairy feed containing thyroprotein 
add enough of the product so that each 
pound of the mixed feed contains 5 
grams of thyroprotein. They commonly 


recommend that 3 lbs. of this s[ ^ 
feed be given per head daily, in addition^ 
to the usual concentrate allowance. Even 
this extra concentrate supply may not be in- 
sufficient to prevent some cows losing 
much weight, but they regain it when 
the supplement is discontinued. * 

It is not advisable to continue feed- 
ing thyroprotein during the greater p^gk» f 
of the lactation period. In extensive kah^ 
periments by the United States DepSp 
ment of Agriculture, when cows were 
fed thyroprotein for 200 to 300 days 
during successive lactations, the milk and 
fat production was decreased below nor- 
mal in later lactations. 120 Also, the death 
loss of calves was much greater. S 

For the best results, thyroprotein 
should not be fed for more than 90 to 
120 days, and not during the first 50 
days of lactation or in the latter part. 

Feeding the drug in hot weather 
increases the respiration rate so much 
that the cows may pant and even froth 
at the mouth. It should therefore not be 
used during hot summer months. Tjj» 
heart rate is also increased by the 
but there is apparently no injury tollhe 
heart when the recommended amount 
is fed. 

The use of thyroprotein is prohibited 
by the Purebred Cattle Association of 
the United States for cows which are on 
official test. In Great Britain its use in 
cattle feeds is authorized only for ex- 
perimental purposes. 

After reviewing the experimental 
data on thyroprotein feeding, the Com- 
mittee on Animal Nutrition of the Na- 
tional Research Council concludes, “The 
available data suggest no definite eco- 
nomic advantage of feeding thyroprotein 
to dairy cows under most farm condi- 
tions.” 121 

Its use may be advantageous in well- 
fed commercial herds during periods of 
short milk supply. Also, in a milk-mar- 
keting area where milk is priced on the 
base-surplus plan, feeding thyroprotein 
during the base period can raise a dairy- 
man s base quota of milk, and thus in- 
crease the price he receives for milk 
produced during the months of abundant 
supply. 
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The limited data available indicate 
that it is not beneficial to feed thyropro- 
tein to dairy calves. 122 

1052. Preparation of feed. — The 
various grains should be ground or 
crushed for dairy cows and heifers, since 
a considerable percentage otherwise es- 
es chewing and digestion. The only ex- 
^ion is when grain is unusually cheap, 
pared with the cost of grinding. Most 
grain need not be ground for calves up 
to 6 to 9 months of age. 

Medium-fine grinding of grain is de- 
cidedly preferable to a floury, dusty 
meal. It not only takes much less power 
and titpe, but also grain ground only me- 
dium fine is more palatable and actually 
has a higher feeding value. 123 (89) 

Some dairymen prefer a eoarse- 
U.itured concentrate mixture, or grain 
mixture, over the usual mixture of ground 
grains and other concentrates, and will 
pay a higher price for such a dairy feed. 
Coarse-textured formula feeds are made 
including in them rolled or crimped 
instead of ground grain, pea size 
oil pineals, and sometimes pelleted or 
crumbled feeds. 

New Hampshire and New York ex- 
periments have shown that coarse-tex- 
tured or pelleted dairy feeds have no 
advantage over the ordinary type of con- 
centrate mixture. 124 In the New Hamp- 
shire tests an ordinary fine concentrate 
mixture was significantly higher in digest- 
ible protein and in total digestible nutri- 
ents, than a mixture of the same feeds 
fed in coarse-textured or pelleted 
form. 

Michigan tests show that cows con- 
sume their allowance of concentrate mix- 
ture more rapidly when water is added 
to wet it thoroughly. 125 This may be an 
advantage when cows are fed the concen- 
trate mixture in a milking parlor, and 
have but little time to eat it. 

When cows are fed the usual 
amounts of concentrates, it does not pay 
to go to extra expense to chop or grind 
hay of such quality that it will be cleaned 
up reasonably well when fed uncut. Such 
preparation produces little or no increase 
in the digestibility of the hay. Fine grind- 
ing may even lower the digestibility and 
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may cause a decrease in fat content of 
the milk. 126 (1030) 

In numerous experiments cows fed 
chopped or ground hay in ordinary ra- 
tions have produced no more milk or 
only slightly more than on uncut hay of 
good quality. 127 In no case has there 
been sufficient saving through chopping 
or grinding such hay to justify the added , 
expense. If cows are fed only alfalfa 
hay, without any concentrates, it may : jj 
pay to chop the hay, as they will then 
eat more hay. 128 

In the case of hay that is unpalat- 
able or coarse and stemmy, there may be 
enough saving through chopping to war- 
rant the expense, if it can be done 
cheaply. (486) However, it is probably 
a better plan to feed coarse, stemmy hay 
liberally, so the cows can pick it over and 
leave the coarsest stems, which have 
little feeding value. The refuse can be [ 
used for bedding or for feeding stocker 
cattle or idle horses that are being car- If 
ried through the winter. Forcing cows to j ? 
eat the stems of such hay by chopping 
or grinding does not convert the stems | 
into good roughage. Chopping or shred- 
ding corn or sorghum fodder or stover 
is advisable to lessen the waste, and to 
facilitate handling the manure. 

Where it seems desirable to pre- jj 

pare hay for daily cows, chopping it by 
means of a silage cutter or other chop- 
ping machine is preferable to grinding 
it. Ground hay is often disagreeably 
dusty and may be unpalatable to the 
cows. Also, it has been found that if 
cows are fed finely-ground hay as the * 
only roughage, the fat content of the 
milk may be decreased considerably, 
especially if they are fed only a small 
amount of hay. 129 This effect seems to 
be due to an interference with the nor- 
mal fermentation processes in the rumen, 
which are essential for the digestion of 
roughages. 

There is no advantage in mixing the 
concentrates with chopped or ground hay 
for dairy cows, although this has some- 
times been advocated. 130 Likewise, there 
is no benefit from soaking or cooking 
ordinary feeds. In the case of a cow on 
official test, the concentrate mixture is 
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sometimes moistened before feeding, in 
order to induce her to eat a greater quan- 
tity than she might take otherwise. Also, 
dried beet pulp is sometimes soaked and 
fed as a substitute for corn silage. ( 943 ) 
Fermenting, or “pre-digesting,” chopped 
or ground hay or mixtures of such hay 
and concentrates does not increase the 
value and is a waste of time and money. 
(94) 


III. Factors Influencing the 
Composition and Yield 
of Milk 


1053. Composition of milk. — The 
milk of the purebred or high-grade cows 
of any dairy breed has certain general 
characteristics, particularly in fat con- 
tent and in color, although the milk of 
various individuals may differ consider- 
ably from the breed average in percent- 
age of fat and total solids. While the fat 
content of cow’s milk may range from 
less than 3 per cent to 6 per cent or 
over, there is much less range in the 
other constituents. The average composi- 
tion of milk from purebred cows of the 
different breeds is shown in the follow- 
ing table: 131 


Composition of milk of purebred 
cows of various breeds 



Total 


Pro- 

Lac- 

Mineral 


solids 

Fat 

tein 

tose 

matter 

/ ■ ■ 

Per 

Per 

Per 

Per 

Per 

j ' , . 

cent 

cent 

cent 

cent 

cent 

j { Ayrshire . . 

. 13.05 

4.05 

3.51 

4.81 

0.68 

| Brown Swiss 13.13 

3.97 

3.52 

4.90 

0.74 

I s Guernsey . 

Holstein- 

. 14.51 

4.90 

3.90 

4.97 

0.74 

Friesian 

. 12.32 

3.45 

3.30 

4.89 

0.68 

Jersey 

. 14.86 

5.37 

3.79 

5.00 

0.70 

j Shorthorn . 

. 12.57 

3.63 

3.32 

4.89 

0.73 


Jersey and Guernsey milk is the 
richest in fat, and that of Holsteins the 
lowest in fat among the common dairy 
breeds in this country. However, the 
breeds which give milk high in fat usu- 
ally yield a correspondingly smaller 
quantity of milk. 

Apparently, the percentage of fat 
in the milk of purebred Holsteins has 
been increased appreciably during recent 
years in the herds of progressive breed- 
ers. In 1940 the average fat test of Hol- 






stein herds completing records in the*- 
Herd Improvement Registry was 3,46 
per cent, while in 1954 the average for 
2,037 herds and 53,580 cows was 3.67 
per cent. 132 

As the fat content of milk increases, 
the percentage of protein rises less rap- 
idly, and the percentages of calcium and 
phosphorus increase but slightly. 133 M j||£ 
contains about 3.0 per cent or 
casein, the chief protein. Normal milk 
also has approximately 0.50 per cent of 
milk albumin, 0.05 per cent of globulin, 
and traces of other nitrogenous com- - 
pounds. | 

The chief difference in the total 
protein content of milk of various fat 
percentages is due to a greater or small* * 
percentage of casein, as the content of 
albumin and globulin does not differ 
much. Colostrum, the milk produced the 
first few days after calving, is very high 
in globulin, sometimes containing 10 per 
cent or more. (270) 

The casein content of milk is jj? f 
great importance in cheese making, sjjp e 
the yield of cheese depends not ■fly 
upon the percentage of fat but also upon 
the percentage of casein. A milk testing 
6 per cent of fat will not make twice as 
much cheese as one testing 3 per cent. 
Therefore, at cheese factories where the 
milk from different herds differs con- 
siderably in fat content, it should be paid 
for by some method which gives credit 
for both fat and casein. 

The hardness of the curd from the 
milk of various cows differs widely, the 
curd tending to be harder as the casein 
content increases. Since soft curd milk 
is more readily digested than hard curd 
milk by infants and invalids, special 
methods are sometimes used to produce 
soft curd milk for such use. Homogeni- 
zation makes the curd softer, and other 
processes have an even more marked 
effect. 

It is well known that the fat in milk 
is in the form of minute globules or 
droplets, which are distributed through- 
out the milk in the form of an emulsion. 

The fat globules range in size from less 
than 1 micron to 10 microns or even 
more in diameter. (A micron is one- 
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^thousandth of a millimeter or about 4 
One-hundred-thousandths of an inch.) 
The minute size of the fat globules is 
m shown by the fact that a quart of normal 
milk contains 4.5 to 9.0 trillion fat glob- 
ules. 

1 The fat globules of Jersey and 
Guernsey milk are larger than those in 

« ;tein and Ayrshire milk, while the 
ules in Shorthorn milk are of me- 
i size. Regardless of breed, there is 
^ a tendency for the fat globules to be 
larger at the beginning than at the end 
of lactation. , , 

Practically .-.all the sugar in milk is 
lactose, but it also contains a trace of 
glucosfc. 134 

1054. Factors affecting yield and 
composition of milk. — In addition to the 
influence of breed on the composition of 
milk, the yield and composition are af- 
fected by various other factors that have 
been discussed previously. ( 305-308 ) 
The amount of milk a cow produces is 

S ited much more readily and to a 
ter degree than is its composition. 

chief factors affecting the yearly 
I of milk by any cow are her in- 
herited productive ability, her thrift, her 
age, and the manner in which she is 
fed and cared for. The daily yield usu- 
ally reaches*: a maximum the second 
month after calving and then decreases 
gradually as lactation progresses. Such 
factors as pregnancy, temperature, and 
turning to pasture may have an appre- 
ciable effect on the milk yield. 

The fat percentage of milk varies 
much more than the content of protein, 
lactose, or minerals. While the average 
percentage of fat in the milk of an indi- 
vidual cow does not usually change much 
from year to year, the fat content may 
vary greatly from one milking to another, 
and often without any apparent cause. In 
general, whenever the yield of milk rises 
or falls considerably, the fat percentage 
is apt to change in the opposite direction. 

The variations in fat content from 
milking to milking, and from day to day, 
are much greater than generally realized. 
In milkings made at the same time on 
successive days, variations of 0.5 per 
cent in fat are common and of 1.0 per 


cent not unusual. The variations in the 
percentages of fat in successive milkings 
are often greater than this, as the time 
of day may have an influence on the fat 
content of the milk. 

Because of the variations in the fat 
percentage, testing the milk from only 
one milking is often a poor indication of 
the richness of the milk a cow is produc- 
ing. Also, on account of the variations 
in composition of milk, a dairyman who 
is retailing milk should be sure to mix 
the milk from various cows thoroughly 
before bottling it. Otherwise, some of the 
milk may fall below the legal standards 
for fat or solids-not-fat, even though the 
average composition is satisfactory. 

The fat content of milk is affected 
somewhat by the stage of lactation, tend- 
ing to increase gradually after the sec- 
ond month. It is also affected by tem- 
perature and season of the year, by 
interval of time between milkings, by age, 
and by certain other factors. It may some- 
times be increased temporarily by adding 
to the ration certain fat-rich feeds or fats, 
but the kind of feed does not ordinarily 
exert any large continued effect upon the 
fat percentage over a long period of 
time. Cows calving in fat condition may 
yield milk abnormally high in fat for 
some weeks after calving. The character 
of the fat may be greatly changed by the 
particular feeds in the ration. 

The effects of the ration upon the 
vitamin content and the mineral content 
of milk have been discussed in earlier 
chapters. (307, 308, 1044) From the 
standpoint of human nutrition an ex- 
ceedingly important fact is that the vita- 
min A value of milk depends on the 
amount of carotene in the ration. Milk 
from cows fed rations rich in carotene 
is high in vitamin value, while that pro- 
duced on carotene-poor rations has a 
low content. This difference in vitamin A 
value is also of great importance in rais- 
ing calves. (1117) 

Various factors which affect the 
yield and composition of milk are dis- 
cussed in greater detail in the following 
articles. 

1055. Effect of age. — The annual yields 
of both milk and fat by a cow normally in- 
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crease from her first lactation until she is 
mature. This is primarily because of the 
increase in her size. (1004) The maximum 
yield is usually reached at 6 to 7 years of 
age, but the increase is only slight after 5 
years. 135 The various dairy breeds differ 
somewhat in the age at which they reach 
mature size. Brown Swiss and Milking 
Shorthorns mature more slowly than Hoi- 
steins or Ay shires, and Jerseys and Guernseys 
mature earliest. 

Most cows are removed from the herd 
because of udder trouble, failure to breed, 
or other causes before their yield is much 
reduced by old age. Usually there is no 
marked decline in yield until 12 years of 
age, if the cow is in good health. 

To compare the production of heifers 
with that of mature cows, the records are 
converted to a “mature-equivalent basis” by 
multiplying the actual yield by an “age- 
correction factor.” Based on extensive studies, 
Kendrick of the United States Department 
of Agriculture has prepared tables which 
state the factors to be used for converting 
305-day production records of cows calving 
at different ages to the mature equivalent 
basis. 136 For example, the following factors 
are used for Holsteins: For a heifer calving 
at 2 years of age, 1.31; for a cow calving 
at 3 years of age, 1.18; at 4 years, 1.08; and 
at 5 years, 1.02. 

The records of cows calving at older 
ages than 7 or 8 years are similarly multi- 
plied by factors to convert them to the 
mature-equivalent basis.” 

The fat percentage is affected but little 
by age, though there is usually a very slight 
tendency for it to decrease as a cow grows 
older. 137 In culling cows it is important to 
bear in mind that while a heifer will or- 
dinarily increase in milk yield with age, the 
richness of her milk will tend to decrease. 

Cows are usually more persistent pro- 
ducers in their first lactation than in later 
lactations. In other words, the production 
decreases less rapidly from month to month. 
This is probably because a heifer is growing 
in body, and the amount of secreting glandu- 
lar tissue in her udder is also increasing. 

1056. First and last drawn milk; thor- 
ough milking. — The milk drawn first from 
the udder at a milking is usually very poor 
in fat, and each successive portion increases 
in richness. While the first portion may have 
less than 1 per cent fat, the strippings from 
the same cow may contain 6 to 10 per cent. 

There have been several theories con- 
cerning the cause of this difference in fat 
content. 138 The most probable explanation 


seems to be that the fat globules tend to be fj 
retained in the secretory cells of the alveoli* 
and the other milk constituents pass out 
first. Then, as the pressure in the udder is 
released by milking, the fat globules pass 
out. It was formerly believed that the differ- 
ence was due to a tendency of the fat to 
rise in the milk that is contained, previous 
to milking, in the milk cistern and large 
ducts of the udder. mm 

If the udder is massaged before BiilMfljp 
starts or if the cow has just had considerable 
exercise, the difference is much less than if 
she has been standing quietly in the stable. ^ 
It also tends to be less in low-producing 
cows than in high producers. Since the 
strippings are so much richer in fat, the 
yield of fat and the richness of the milk are 
appreciably decreased when cows are not 
milked thoroughly. The percentages of other 
constituents than fat vary but little in till 
successive portions of milk drawn from the 
udder. 

Foremilking, or discarding the first few 
streams of milk from each quarter of the 
udder, is sometimes done to increase the fat 
content of market milk. The discarded milk 
is then used for feeding calves or other 
stock. However, New York tests show that: 
a considerable part of the milk musjj be 
discarded to make any very markecFin- 
crease in the richness of the remaining 
milk. 139 Discarding the first 20 streams from 
each quarter increased the fat content of the 
rest of the milk only 0.17 per cent. Yet, to 
obtain this increase nearly 10.5 per cent of 
the entire milking was discarded. 

To secure an accurate index of a cow's 
production on an official test, it is important 
that she be milked clean at the milking 
before the test period starts. Incomplete 
milking previously will tend to slightly in- 
crease the yield of milk, the percentage of 
fat, and the yield of fat during the test 
period. 140 

The importance of proper milking and 
the way in which cows “let down” or mold 
up” their milk are discussed in the next 
chapter. (1093) 

1057. Length of period between milk- 
ings; night and day. — When the intervals of 
time between milkings are unequal, cows 
generally yield a smaller amount of milk 
after the shorter period, but this milk is 
usually slightly richer in fat and total 
solids. 141 With cows milked twice a day, a 
difference of 4 hours in the two periods may 
make a difference of 0.5 to 1,0 per cent in 
fat content. 

If cows are milked twice a day with 


GENERAL PROBLEMS IN DAIRY HUSBANDRY 


% §qual intervals between milkings, the evening 
^fnilking tends to be slightly richer in fat 
than the morning milking. This, may be due 
to the effect of the exercise during the day. 
When cows are milked three or four times 
a day, the milkings during the middle of 
, the clay tend to be slightly higher in fat. 

When cows are milked twice a day, it is 
often desirable because of labor convenience 
have a shorter interval between the 
„ ’flpfihing and night milkings than between 
the night and morning milkings. In a 
^Minnesota experiment with identical twins, 
the productions of milk and fat were just 
as high when ; the cows were milked at 
10 and 14 ho^r intervals as when the in- 
tervals were efuhi. 142 

1058. Frequency of milking. — Milking 
cows of ordinary productive capacity more 
ban twice a day does not markedly increase 
their production, and is generally not eco- 
nomical. However, if cows capable of higher 
production are milked more than twice a 
day and are fed concentrates according to 
production, the milk yield will usually be 
increased considerably. 143 This is because 
the rate of milk secretion decreases as the 
ngessure within the udder grows greater 
mien it becomes filled with milk. (296) 
Whither or not it will pay to milk good 
cows more than twice a day will depend 
upon the price received for the milk, in 
comparison wi|h the cost of labor. 

Milking cows of high productive capac- 
ity more than twice daily tends to increase 
their persistence in production throughout 
the lactation and may increase the fat test 
slightly. The increase in yield by milking 
3 or 4 times a day will be greater for 
heifers than for older cows. 

From extensive studies of the available 
data, Kendrick of the United States Depart- 
ment of Agriculture has estimated that when 
cows are milked 3 times a day throughout 
the lactation the average increase in yield 
over twice-a-day milking, with the more 
liberal feeding that generally accompanies it, 
will be about 20.5 per cent for heifers 2 
to 3 years old at calving, 17.6 per cent for 
cows 3 to 4 years old at calving, and 14.9 
per cent for those 4 years old or older. 13 ® 
The increase in yield over twice-a-day 
milking from milking 4 times a day will 
average 35.1, 29.9, and 26.6 per cent for 
cows calving at these ages. 

To convert records of milk production 
of cows milked 3 or 4 times a day to the 
basis of twice a day milking, factors are 
used which depend on the number of days 
a cow has been milked more than twice a 


day. 136 For example, if a heifer calving at 
2 to 3 years of age has been milked 3 
times a day during a 305-day lactation, her 
actual milk yield is first equated to the 
mature-equivalent basis and then multiplied 
by the factor 0.83. If she had been milked 
4 times a day during the entire lactation 
period, the factor 0.74 would be used. 

1059. Effect of advancing lactation and 
of pregnancy. — After calving, the milk yield 
of cows usually increases until it reaches a 
maximum during the second month of lacta- 
tion. It then gradually decreases as lactation 
advances, the average monthly decrease in 
well-bred herds being about 6 or 7 per cent 
from the second to the seventh month. 144 
The monthly rate of decrease varies con- 
siderably in individual cows, ranging from 
only 4 per cent or less to 9 per cent or more, 
depending on their persistency of production. 
After the seventh month, the rate of decrease 
is considerably more rapid in cows bred to 
calve with the usual frequency. Cows of the 
dual-purpose breeds are usually less per- 
sistent milkers than cows of the special dairy 
breeds, and their monthly rate of decline 
is more rapid. 

Pregnancy does not materially affect 
the milk yield until after about 5 months, 
after which it considerably hastens the de- 
cline. 145 For this reason, separate classifica- 
tions are provided in the advanced registries 
of the dairy breeds for cows which meet 
definite calving requirements. 

In the case of cows which are in good 
flesh at calving time, the fat percentage is 
apt to decline slightly for the first month or 
two after calving. This decrease is most 
marked in the case of Holsteins and Ayr- 
shires. After the second or third month the 
fat content usually increases slightly, espe- 
cially toward the end of lactation. Under 
usual farm conditions there is no marked 
change in richness until toward the end of 
lactation, when the fat percentage increases 
as the milk yield declines rapidly. In New 
Zealand studies advance in lactation did not 
affect the size of the fat globules. 146 

1060. Weather and season of the year. 
— The temperature of the air has an even 
more marked effect than the stage of lacta- 
tion upon the fat percentage in milk. 147 
Cows of all breeds tend to give milk lower 
in fat as the temperature rises, at least 
between the range from 30° to 70° or 80° F. 
The fat content may fall as much as 0.2 
to 0.3 per cent for each 10° F. increase in 
temperature. The solids-not-fat percentage 
of milk also declines as the weather becomes 
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hot, and it may even fall below the common bare corral, and their body temperature w$s' 

legal standard of 8.5 per cent. Because of appreciably lowered. 148 This was becaus^ 

the effect of temperature, cows at the same the air immediately above the green forage 

stage of lactation tend to give richer milk was about 10° F. cooler than in the corral, 

in winter than in summer. In hot climates because of the cooling effect produced by 

the average fat content and the solids-not-fat the evaporation water from the growing 

tend to be lower than in cooler regions. plants. This shows the importance of pastures 

Very hot weather has a marked effect for cows in hot weather, 
upon cattle of our ordinary breeds, as has Shade should be provided on pastures 

been pointed out in Chapter VIII. (233) in hot weather, if possible. In a Louisij|It 

This is because they cannot sweat appreci- test the body temperature of cows keprfpn. 

ably and they do not have any efficient the sun in hot weather was 0.7° F. higher 

means of ridding their bodies of surplus than when they were allowed access to- 

heat. Their body temperatures therefore rise shade. 149 



Comfort of Cows Affects Milk Yield 

Shade in hot weather and access to a stream or pool in which the cows can wade in- 
crease their comfort. (From New York State College of Agriculture, Cornell University, ) 

decidedly and their respiration rates become Where cows have access to a stream 

much more rapid, because they pant in an or pool in which they can wade, it increases 

effort to get rid of the surplus heat. their comfort in hot weather. Cooling cows 

If the weather is extremely hot, it may during periods of very hot weather by cover- 

cause a marked reduction in milk yield, and ing them with light muslin cloths kept moist 

the fat content may then be increased and to cause cooling by evaporation, overcame 

the composition of the milk otherwise the depressing effect of the heat in a Georgia 

changed. This effect is most pronounced test, with no bad effect on health. 150 

when the period of hot weather is prolonged. When the weather is very hot, cows 

Often the decline in production of cows in graze more at night than in the daytime, 

hot weather in midsummer is caused to a It is therefore important to have them on 

much greater extent by a shortage of feed good pasture at night. Also, the forage on 

on scanty pasture, than by the heat. the daytime pasture should be plentiful, so 

In a California test cows kept in a green the cows can get their fill before they stop 

pasture field in very hot weather were much grazing because of the heat. 151 
more comfortable than when confined to a Exposure to cold rains or other severe 
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weather may cause a serious shrinkage in 
Jftilk yield and a drop in fat content. 

The effects upon cows of various stable 
^ temperatures are discussed further in the 
next chapter, (1088) - K 

1061. Season of freshening. — Under the 
;1> climatic conditions in the chief dairy dis- 
tricts of the United States, cows that freshen 
in fall or early winter, if properly fed and 
cfied for, yield more milk and fat than those 

\|hit calve in spring or summer. Fall-fresh 
cows give a large flow of milk in winter and 
then flush again with the stimulus of pasture 
in spring. The difference in average annual 
yield of cows freshening in fall and early 
winter and of tjlbse calving in spring or 
summer has usually ranged from 11 per cent 
or more to only 2.5 per cent. 152 In a region 
with a rather uniformly mild climate, as 
Western Oregon, the season at which a 
cow freshens may have no appreciable effect 
on yearly production. 

The relative profitableness of ‘winter 
dairying” and “summer dairying” will depend 
on the prices received for milk at various 
seasons of the year and the relative cost of 
concentrates compared with pasture. ( 1100 ) 
Vjgien cows freshen in the fall, more of the 
work of milking comes in the winter when 
farm work is slack. More time can be given 
to raising the calves, and fall-dropped calves 
are large enough by spring to make good 
use of pasture and are better able to stand 
the hot weather. Also, under this system, on 
farms where the milk is separated on the 
farm, a larger supply of skimmilk is avail- 
able for pigs or poultry in winter when it 
has the greatest value for them. 

1062. Condition of flesh at calving. — It 
is well known that the milk yield of a cow 
is greater when she is in thrifty, vigorous 
condition at time of calving. The fat con- 
tent of the milk is not usually affected 
greatly by the condition of flesh at calving, 
except in the case of cows which are so 
fed that they are really fat at calving. 

When a cow of high productive capacity 
calves in a fat condition, her milk for a 
time may be considerably richer than normal 
in fat. 153 This is because her strong dairy 
temperament causes her to withdraw fat 
from her body and put it into her milk. 
During this time she will lose markedly in 
body weight. In the case of Holstein- 
Friesian cows the increase in fat percentage 
may be as great as 1 to 2 per cent. Any 
increase in the case of Guernseys and Jerseys 
is usually much less marked, and often there 
is none at all. 


It is evident that when a cow calves in 
fat condition, a short-time record of fat pro- 
duction secured shortly after calving may 
not be a reliable index to her yearly fat 
yield. For this reason, brief official advanced 
registry tests are no longer sponsored by 
any of the dairy breed associations in this 
country. 

The total yearly yield of fat can be in- 
creased by having cows calve in fat con- 
dition, and breeders running cows on ad- 
vanced registry test usually take advantage 
of this fact. 

1063. Influence of underfeeding and 
overfeeding. — If good dairy cows are under- 
fed in the first part of the lactation period, 
they will sometimes maintain their milk flow 
at a nearly constant level for a short time 
under the most adverse conditions, drawing 
on their bodies for nutrients and losing in 
weight rapidly. 154 During this time the per- 
centage of fat in the milk may be tempo- 
rarily increased, if the cows were in good 
condition when the underfeeding started. 155 
Underfeeding may also produce marked 
effects on the character of the butterfat. 
Later in the lactation period, even moderate 
underfeeding causes a large decline in milk 
flow, and it is then difficult to bring it back 
to normal by later liberality of feeding. 

When cows are greatly underfed for 
considerable periods, the percentage of 
solids-not-fat may be decidedly reduced, 
and especially the percentage of protein. 155 
Scanty feeding within reasonable limits does 
not apparently have any effect on the flavor 
of milk. 157 Starvation for a few days greatly 
decreases the yield of milk and may change 
its composition considerably. 158 

The most pronounced effect of over- 
feeding (feeding a more liberal ration than 
required) is to cause a cow to gain in 
weight, provided that the overfeeding does 
not cause her to go off feed. 159 Even when 
fed very liberally, a cow is unable to increase 
her milk flow beyond the fixed maximum 
shS has inherited. 

1064. Influence of feed on composition 
of milk. — If a cow receives enough nutrients 
to maintain her body weight and if her 
ration contains at least a certain minimum 
amount of fat, the richness of her milk can- 
not be increased very markedly over a long 
time by greater or less liberality of feeding or 
by supplying any particular kind of feed. De- 
cided changes in the ration may, however, 
sometimes cause a marked temporary 
change in the fat content. 160 This effect 
usually lasts only a few days, and sometimes 
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there is no increase in the percentage of fat, 
or even a decrease. 

A temporary increase in the fat content 
of milk is especially apt to result from add- 
ing to the ration a considerable amount of 
certain feeds high in fat, such as flaxseed, 
soybeans, cottonseed, or peanuts, or from 
feeding 1 lb. or more per head daily of 
certain fats or oils, such as butterfat, lard, 
tallow, coconut oil, linseed oil, cottonseed 
oil, or corn oil. Linseed meal, cottonseed 
meal, or soybean oil meal are less apt to 
produce such an increase, probably because 
most of the fat has been removed. Feeding a 
considerable amount of whole milk to cows 
that will take it also usually increases both 
the yield of milk and the fat percentage 
temporarily. 

Coconut meal and palm-kernel meal in 
some tests have apparently caused a very 
slight increase in fat content for a consider- 
able period, but in other cases the richness 
of the milk has not been increased. 161 In 
a New York experiment a trifling increase 
in the richness of milk was produced by 
substituting 10 per cent of coconut oil meal 
and 10 per cent of palm-kernel oil meal for 
equal amounts of more common feeds in the 
concentrate mixture. 162 The increase in fat 
percentage over 5-week periods was only 
0.08 per cent, and was thus too small to be 
of practical importance. It has been pre- 
viously shown that concentrate mixtures con- 
taining 25 per cent or more of soybeans tend 
to increase the richness of the milk, but 
they decrease its vitamin A content. (798) 

In Ohio experiments in which rations 
very rich in protein were compared with 
rations extremely poor in protein, there was 
no appreciable change in the composition 
of the milk, except a slight increase in non- 
protein nitrogen on the ration very high in 
protein. 163 

Cod-liver oil and also menhaden fish 
oil cause a decided decrease in the fat content 
of milk when cows are fed 4 to 5 ounces 
per head daily. 164 Salmon oil or shark liver 
oil does not have any marked effect, nor 
does hydrogenated cod-liver oil. 

The principal mineral constituents of 
milk are not changed to any appreciable 
extent by the amounts of minerals in the 
ration. (307) 

1065. Changes in the character of fat. 
— While the feed does not usually change 
the percentage of fat in the milk much, in 
some cases the nature of the fat is decidedly 
altered by the feed, and this may noticeably 
affect die hardness of butter. 165 Butterfat is 
made up of several different kinds of fats. 


Some of these, such as stearin and palmitm, 
are solid at ordinary temperatures/ w 1 
others, as olein and' butyrin, are liquid. If 
cows are fed a considerable amount of a feed 
rich in fat, some of this food fat may pass 
without great change into the milk, thus 
altering the fat in a manner similar to the- 
effect on pork when hogs are fattened on 
certain feeds. (276) 

Feeds rich in vegetable oils ( wMJfi 
contain a large amount of olein) gener®^ 
produce butterfat high in olein. This usually 
tends to make the butter softer, but in some 
instances this tendency is offset by still other 
changes in the composition of the fat. 

For instance, though the feeding of cot- 
tonseed meal, cottonseed, or cottonseed oil 
increases the amount of olein in the butter- 
fat, yet it raises the melting point and makes 
the butter harder. This is probably due to a 
decrease in the amount of volatile fatty acids, 
which more than counterbalances the effect 
of the increase in olein. This effect of the 
heavy feeding of cottonseed meal or cotton- 
seed on butter is of much practical import- 
ance in the southern states, for it is a cause 
of hard, gummy butter. Coconut oil meal 
or barley increases the hardness of buttgr, 
while corn and oats have a slight effect in tie 
other direction. 

The feeding of cows exclusively on 
alfalfa hay may cause sticky or crumbly 
butter, which condition can he remedied by 
adding com silage to the ration, and also 
by special processes in manufacture. 166 Soy- 
beans and rice polish make the butter soft, 
if they form too large a part of the concen- 
trate mixture. Pasture generally produces 
milk fat higher in olein and hence causes 
softer butter. Jerseys seem to produce harder 
butter than Holsteins or Ayrshires when fed 
the same rations. 

1066. Miscellaneous factors . — Moderate 
exercise tends to increase slightly the per- 
centage of fat in milk and also the yield of 
fat. 167 For this reason and also to provide 
fresh air and sunshine, it is a sound plan 
in winter to turn cows out for exercise a 
part of each day when the weather is suit- 
able. Too much exercise, or hard work, such 
as milk cows are often used for in some 
countries, lowers the yield and may decrease 
the fat content. 

Turning cows to pasture from winter 
stabling usually increases both the yield of 
milk and its richness, but after 2 to 4 weeks 
the percentage of fat falls to normal. 168 The 
temporary increase in richness is probably 
due to the fact that early spring pasture 
is so watery that the cows do not get enough 
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1 ^ ' nutrients and are therefore forced to draw 

an bodies, losing weight meanwhile. 

"Such underfeeding usually increases the rich- 
ness of milk temporarily, if the cows are in 
** a good state of nutrition when it starts. 

Abortion causes a decidedly lower yield 
of milk than normal, the reduction being 
* especially great if it occurs a considerable 
time before the time for normal calving. 
TJjhe eradication of brucellosis, or Bang’s 
disease, from a herd greatly increases the 
milk yield and therefore causes a consider- 
ably greater net return. 169 

The period of heat , or estrus, contrary 
to popular opinion,, does not generally have 
any marked effect on the yield of milk or 
fat. Cows have been found, on the average, 
to give 0.6 lb. to 1.5 lbs. less milk on the 
day of the most evident heat, but some cows 
showed no decrease at all. 170 A few nervous 
cows are affected more markedly. 

Grooming cows is, of course, necessary 
in the production of high-quality milk with 
a low bacterial content, but it may not in- 
crease the yield of milk. 171 Grooming cows 
with a vacuum-cleaner type of grooming 
machine causes little or no increase in yield 
oyer hand grooming. 172 

Dehorning cows causes a small tempo- 
rary decrease in milk flow, but it is repaid 
a hundred-fold in commercial dairy herds 
in the greater comfort of the cows thereafter 
and the lessening of injuries. From the stand- 
point of dairy efficiency, it is unfortunate 
that in the case of certain breeds, animals 
without horns are discriminated against in 
the show ring. 

The tuberculin testing of cows has prac- 
tically no effect on the yield of milk or fat. 

infestation with ticks may cause a 
serious decrease in yield, even when cows 
are immune to tick fever. 173 Therefore the 
eradication of ticks is very important in 
tick-infested districts. 

Condimental stock foods or tonics are 
unnecessary in the efficient feeding of dairy 
cattle. In two Michigan trials there was no 
benefit whatsoever from the addition of a 
widely-used stock tonic to a simple ration 
of legume hay, corn silage, and a mixture 
of corn, barley, oats, linseed meal and cotton- 
seed meal. 174 In fact, the feeding of the 
stock tonic according to the directions of the 
manufacturers caused some of the cows to go 
off feed and produced bloating in several 
cases. 

Certain drugs have been supposed by 
some dairymen to increase the yield of milk 
or fat, and occasionally attempts have been 
made by unscrupulous persons to increase 
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the yields of cows on official test by the 
use of drugs. In most of the tests of such 
products there has been no decided increase 
in the yield of milk or fat over a 24-hour 
period. 176 Often, “drugging” a cow has re- 
sulted in a marked decrease in yield in- 
stead of an increase. The effect of thyropro- 
tein on milk production has been discussed 
previously. (1051) 

1067. Flavor and odor of milk. — Be- 
cause of the importance of the flavor and 
odor of milk, numerous studies have been 
made of the effects of various feeds on the 
palatability of milk and its products. 176 In 
the case of most feeds which affect the 
flavor or odor of milk, the effect, at least in 
a well-ventilated barn, is produced chiefly 
by substances carried in the blood to the 
udder, and not by odors absorbed by the 
milk from the stable air. Tests have shown 
that the flavor may be affected not only 
when a cow eats the feed, but even when 
she inhales the odor of the feed. An off- 
flavor caused by feed can usually be pre- 
vented or at least greatly lessened by feeding 
the particular feed only immediately after 
milking. Since most compounds that produce 
off-flavors are volatile, they will largely pass 
off before the next milking. 

The most marked off-flavor is produced 
by garlic, onions, the cruciferae (including 
turnips, cabbage, rape, and kale), and cer- 
tain weeds, including bitterweed ( Helenium 
tenuifolium) and French weed or stink weed 
( Thlaspi arvense). Green alfalfa, green sweet 
clover, and legume silage may also cause a 
pronounced flavor if fed within 5 hours be- 
fore milking. Corn silage, green corn, green 
rye, or potatoes may produce a less marked 
effect if fed before milking. Even alfalfa 
hay may cause a noticeable flavor if fed 
less than 4 hours before milking. When 
cows are first turned to pasture, a grass 
flavor is at once noticed in the milk, but 
this soon disappears, or else we then fail 
to notice it. 

Heating the milk to 145° F. and aerat- 
ing it or blowing air through it usually 
removes much of any objectionable feed 
odor or flavor, and may entirely eliminate 
slight taints. If a pasture is infested with 
leeks or wild onions, a pronounced taint 
may usually be avoided by grazing the cows 
on the pasture only 2 or 3 hours immediately 
after milking. 

Sometimes, especially late in the lacta- 
tion period, a cow gives milk which tastes 
rancid or bitter after standing a short time. 
This rarely happens when the cow receives 
green feed. The trouble is caused by an 
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enzyme in the milk that acts on the fat. 
It can be prevented by heating the milk, 
immediately after milking, enough to destroy 
the enzyme, and then cooling it. 

On storage, milk sometimes develops an 
off-flavor known as oxidized, cardboard, or 
tallowy flavor, due to changes in unstable 
constituents of the milk. Homogenized milk 
has less tendency to develop oxidized flavor, 
but on exposure to light is much more sus- 
ceptible to another type of off-flavor. Ex- 
periments are being conducted by dairy 
scientists to find practical methods of treat- 
ing or handling milk to reduce trouble from 
these off-flavors. There seems to be less 
tendency for oxidized flavor to occur when 
cows are fed some kinds of roughage. In 
New York tests, less oxidized flavor devel- 
oped with orchard grass pasture or birds- 
foot trefoil hay than with Ladino clover 
pasture or hay. 177 


secutive yearly herd tests of all the' 
c °ws? 

13. State 6 nutrient requirements of dairf 

cows for efficient production. 

14. Why is not the common "thumb rule” 

as accurate a guide as the grain feed- 
ing tables, for determining the 
amounts of concentrates needed by 
individual cows? 

15. Why must feeding standards recon * 

mend slightly greater amounts of nu- 
trients than dairy cows actually re*^ 


QUESTIONS 

1* Compare the efficiency of dairy cows 
and beef steers in the production of 
human food. 

2. What do dairy-herd-improvement-asso- 

ciation records show concerning the 
relative income above feed cost from 
high-producing cows and from low 
producers? 

3. Why are high producers more efficient 

than low producers in converting feed 
into milk? 

4. How is the amount of 4 per cent fat- 

corrected milk computed? 

5. What is the approximate gross efficiency 

of dairy cows yielding about 10,000 
lbs. of 4 per cent fat-corrected milk 
a year? 

6. Why does scanty feeding reduce the 

efficiency of cows of high productive 
capacity? 

7. Describe the results that have been 

secured in experiments in which pure- 
bred bulls have been used to develop 
a good herd from scrubs. 

8. Compare dairy cows and beef-type cows 

in efficiency of milk production; com- 
pare purebred and grade dairy 
cows. 

9. How does size of cow affect milk yield? 

10. Discuss the importance of records of 

production in building up a profitable 
dairy herd. 

11. What are dairy-herd-improvement asso- 

ciations; owner-sampler clubs? 

12. Which is the better measure of the 

productive ability of a dairy herd- 
official tests of selected cows, or con- 


16. How much digestible protein and how 

much total digestible nutrients should 
be provided for maintaining a 1,000- 
lb. dairy cow? 

17. Discuss the amount of protein required 

by dairy cows for milk production. 

18. Show by an example how the protein 

content of the concentrate mixture 
for dairy cows should depend on the 
protein content of the roughage. 

19. About what percentage ‘of " protein 

should a concentrate mixture contain 
for feeding with good mixed clover-’ 
and-timothy hay and corn silage? 

20. Discuss quality of protein in dairy 

rations. 7 

21. Under what conditions should urea be 

used as a partial protein substitute? 

22. Discuss the fat requirements of dairy 

cows. 7 

23. Why is a range indicated in the amounts 

of total digestible nutrients recom- 
mended in the Morrison feeding 
standards for milk production? 

24. Discuss the replacing of concentrates 

by high-quality roughage. 

25. What are the two points of view con- 

cerning the need of a lactation factor 
for high milk production? 

26. Discuss the results of the "input-output” 

experiments in which increasing 
amounts of concentrates have been 
added to the rations of good cows. 

27. What factors determine the level of 

concentrate feeding that will be most 
profitable? 

28. Discuss the feeding of good dairy cows « 

on roughage alone. 

29. Tell about the Indiana demonstration 

which showed that it pays to feed 
good cows liberally. 

30. Under what conditions may it be eco- 

nomical to restrict the amount of 
roughage fed dairy cows? 

31. What is the relative value per pound 

of good hay and of a good concen- 
trate mixture for milk production? 
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£}2. VJ/hat is the effect of feeding cows only 
to 4 lbs. of hay and no other 
roughage? 

33. What is the effect of including ground 
alfalfa hay in a dairy concentrate 
mixture? 

* 34. What are the salt requirements of dairy 
cows? 

35. Under what specific conditions should 
\ a phosphorus supplement be added to 

the rations of dairy cows? 

36. When would you add a calcium supple- 

ment to dairy rations? 

37. Discuss the losses and storage of calcium 

and phosphorus by dairy cows. 

38. What results have been secured when 

calcium and phosphorus supplements 
have been added to good dairy 
rations? 

39. Discuss trace mineral supplements for 

dairy cows. 

40. Discuss the vitamin requirements of 

dairy cows. 

41. When may deficiencies of vitamin A 

occur? 

42. Discuss the effect on the vitamin A 

value of milk and butter of: (a) 
Breed of cow; (b) the ration fed. 

43. What is the effect of adding a vitamin 

supplement to a good dairy ration? 

44. What have experiments shown concern- 

ing any need of adding a vitamin D 
supplement to ordinary dairy rations? 

45. Discuss the use of mineral or vitamin 

supplements to prevent breeding 
troubles. 

46. Discuss the water requirements of dairy 

cows, considering: (a) Amount re- 
quired; (b) use of drinking bowls. 

47. Is it beneficial to add an antibiotic feed 

supplement to rations for dairy cows? 

48. Discuss the use of thyroprotein in dairy 

rations. 

49. Discuss the grinding of grain for dairy 

cows; the chopping or grinding of 
hay. 

50. About how much fat, protein, lactose, 

and mineral matter does cow's milk 
contain? 

51. What are some of the factors which 

affect the yield and composition of 
milk? 

52. Discuss the effect upon yield and com- 

position of milk of any of the factors 
considered in Articles 1055 to 1067 
which are assigned by your instructor. 
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CHAPTER XXVI 

FEEDING AND CARING FOR DAIRY COWS 


’I. Feeding for Milk Production 

1068, Essentials in feeding and 
care. — The net return a dairyman re- 
ceives from his dairy business depends 
equally on the productive capacity of his 
cows and on the feed and care he gives 
them. Just as necessary as well-bred 
cows, capable of high yields, are efficient 
rations and intelligent care. Without 
these, good cows are forced to become 
poor and unprofitable producers. 

The chief essentials in the proper 
feeding and care of dairy cows are: 

1. The use throughout the year of 
economical, well-balanced rations, which 
provide the nutritive requirements that 
have been discussed in the previous chap- 
ter. 

2. Adjusting the amount of con- 
centrates for each cow to her actual pro- 
duction. 

3. Palatable rations, containing a 
reasonable variety of feeds. 

4. Rations that are slightly laxative, 
instead of constipating. 

5. An abundance of good roughage, 
and some succulent feed, except when 
succulent feeds are unduly expensive. 

6. Plenty of good water, conveni- 
ently accessible. 

7. Dry periods of proper length. 

8. Comfortable surroundings, both 
in winter and during the pasture season. 

9. Regularity in feed and care. 

10. Kindness on the part of the 
herdsman. 

Neglect of these simple essentials 
will seriously reduce the net income from 
the dairy herd. 

Commonly, dairy cows are fed 
roughage — hay or hay and silage — twice 
a day and concentrate or grain mixture 
at or before milking. 

1069. Cows should be fed indi- 
vidually. — To secure good net returns 


from a dairy herd, it is necessary to feed 
each cow according to her actual yield 
of milk and fat. A high-producing cow 
needs a much greater amount of total 
digestible nutrients than a low producer. 
Since she cannot eat much more hay or 
other roughage than a low producer, she 
must be fed a liberal amount of grain or 
other concentrates. Otherwise, her milk 
yield will soon fall to the level that is 
permitted by the amount of nutrients she 
actually receives. 

In spite of the great difference in 
the real needs of the various cows in a 
herd, many dairymen make the mistake 
of feeding all their cows the same 
amount of concentrate or grain mixture, 
regardless of their actual yields. This 
practice seriously underfeeds the high 
producers and therefore reduces the net 
returns from the herd. It just as seri- 
ously overfeeds the poor cows. They are 
unable to convert the excess nutrients 
into milk, but instead turn them into 
body fat or waste them entirely. 

The amount of grain mixture needed 
by a cow depends not only on her yield 
of milk and fat but also on the amount 
and quality of the roughage she eats. 
The simplest way of finding the number 
of pounds of grain mixture that should 
be fed to each cow per day is to use 
the grain feeding tables given in Ap- 
pendix Table VIII. These tables, which 
have been discussed in the previous chap- 
ter, show at a glance the amounts of 
grain mixture needed by cows produc- 
ing various amounts of milk of any fat 
content when they are fed different 
amounts of roughage, or when on ex- 
cellent, good, or fair pasture. 

It has been emphasized in the pre- 
vious chapter that the most profitable 
level of concentrate feeding will depend 
on the local conditions, especially on the 
relative cost of concentrates and rough- 
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ages, on the price of milk, and on the and even straw can be fed to d$iry cows 
quality and abundance of roughage, in limited amounts, along Wtlh better 
( 1022-1028 ) As there pointed out, un- roughage. However, for the pest vesults 
der certain conditions the greatest net they should not form the cffief roughage 
return may be secured, even from good for good cows. It is preterable to feed 
cows, when they are fed an abundance two kinds of roughage to dairy cows, for 
of high-quality roughage with little or when fed even good alfalfa hay continu- 
no concentrates. On the other hand, when ally as the only roughage, they show a 
milk is high in price in comparison with keen desire for other roughage in addi- 
the cost of concentrates, it may be most tion, and seem to thrive better when 
profitable to feed larger allowances of receiving it. 



Good Cows Need Better Roughage 

A limited amount of dry corn stover or corn fodder can be fed satisfactorily to dairy cows, 
along with better roughages, such as legume hay and silage. However, corn stover or com 
fodder is not efficient as the only roughage. 

concentrates, or grain mixture, than It is usually easy to provide a pal- 

stated in the grain feeding tables. atable concentrate mixture, or “grain 

As pointed out in the preceding mixture,” for dairy cows, for they like 
chapter, self-feeding dairy cows is ordi- most all the common grains and by- 
narily not desirable. (1032) product concentrates, if the feeds are of 

1070. Palatable rations. — Both the ordinary quality. Sometimes it is eco- 
roughages and the concentrate mixture nomical to include in the grain mixture 
for cows producing a good yield of milk a feed like malt sprouts or rye feed, 
should be as palatable as possible. If the which is not itself palatable. This may 
roughage is not palatable, the cows will be done without making the whole mix- 
eat much less of it than they would of ture unpalatable, if only a reasonable 
well-liked roughage, and it will be neces- amount is mixed with well-liked feeds, 
sary to feed them an unusually large suc b as ground corn, ground oats, wheat 
amount of concentrates. bran, linseed meal, molasses, etc. 

Such roughages as corn stover, grass 1071. Variety.— There is consider- 

hay cut at the usual stage of maturity, able difference of opinion concerning the 
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need of^yariety,” or of several different 
ingredient\ in a concentrate mixture for 
dairy @ows.\. 

When col^s of ordinary productive 
capacity have good roughage, including 
a reasonable amount of legume hay, it 
is not necessary to go to extra expense 
to use a concentrate mixture which has 
several ingredients. For example, it has 
been shown in the previous chapter that 
if cows have plenty of alfalfa hay and 
com silage for roughage, or if they are 
fed alfalfa hay as the only roughage, 
good production can be secured when 
they receive in addition such a simple 
grain mixture as one-half ground corn 
and one-half ground oats. (1016) 

The palatability and nutritive merits 
of the individual feeds in a concentrate 
mixture are of greater importance than 
the number of ingredients. A concentrate 
mixture containing a reasonable variety 
of well-liked ingredients is, however, apt 
to be more palatable than a simple com- 
bination, such as a mixture of grains, or 
of grains and a single protein supple- 
ment. Many dairy experts therefore 
advise that for high-producing cows, es- 
pecially those on official test, the con- 
centrate mixture should contain 5 or 6 
ingredients. 

Several experiments have been con- 
ducted to compare such a simple con- 
centrate mixture as ground corn or corn 
and oats, supplemented by soybean oil 
meal or cottonseed meal, with a mixture 
having much greater variety and usually 
having more bulk. 1 When the protein 
content of the mixtures has been equal, 
there has been no appreciable difference 
in the yield of milk or fat, or in the 
effect on the live weights of the cows. 
These experiments have been conducted 
with cows fed good roughage, such as 
well-cured hay and silage, or with cows 
on pasture. It is barely possible that with 
poor-quality roughage there might be an 
advantage from a concentrate mixture 
containing a greater variety of feeds. 

It has previously been shown that 
the kind or quality of protein in rations 
for dairy cows is of little importance 
when the rations contain good roughage 
and are made up of feeds that are other- 


wise satisfactory. (1018) In New York 
experiments there was also no difference 
in the results from a concentrate mix- 
ture made up largely of home-grown 
grains and one made up chiefly of by- 
product feeds. 2 

If a satisfactory ration is being fed, 
there is no advantage in changing it from 
time to time, in order to supply addi- 
tional variety. While humans would tire 
of a monotonous diet, stock fortunately 
do not have such fickle appetites. 

If cows accustomed to a good grain 
mixture are changed to another equally 
good, but having a decidedly different 
taste, they may at first not like the new 
mixture. However, in nearly all cases 
they will soon become used to it. When 
cows which have been on advanced reg- 
istry test and have had their whims for 
special feeds indulged by expert herds- 
men are returned to the regular herd, it 
often takes them some time to become 
accustomed to the less-luxurious manner 
of life. 

1072. Bulkiness of concentrate mix- 
ture. — It is a common belief that when 
high-producing cows are fed a liberal 
amount of concentrates, there will be less 
tendency for them to go off feed if some 
bulky feeds, such as wheat bran, ground 
oats, or dried beet pulp, are included in 
the mixture. Many experienced dairymen 
prefer a concentrate or grain mixture 
which does not weigh more than about 
1 lb. to a quart. 

For cows fed the usual amount of 
grain mixture, if it is cheapest to feed 
a heavy mixture that contains no bulky 
feeds, the mixture may readily be dis- 
tributed over silage after the latter has 
been placed in the mangers. This will 
insure adequate mixing of the concen- 
trates and silage in the digestive tract. 
On the other hand, it is wise to use only 
a bulky concentrate mixture for cows 
that are fed very liberal amounts of con- 
centrates, such as cows on advanced reg- 
istry test. 

In the previous discussion on "vari- 
ety” it has been shown that with good 
roughage just as satisfactory results have 
been secured from such a mixture as 
ground corn and soybean oil meal or 
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cottonseed meal, as from a mixture hav- 
ing much more variety and containing 
bulky concentrates. 

In Illinois and Michigan tests heavy 
concentrates, such as ground corn and 
linseed meal, were fed to cows separately 
from the roughage, and the cows were 
slaughtered soon afterwards. 3 It was 
found that most of the concentrate was 
well-mixed with the previous contents of 
the rumen and the honeycomb, and 
only a small part was in the form of 
separate lumps or boluses. In the Michi- 
gan experiments a concentrate mixture of 
only ground corn and linseed meal was 
satisfactory for feeding dairy cows, even 
when it was fed separately from the 
roughage. 

Though many dairymen prefer a 
concentrate mixture that has a coarse 
texture, experiments have shown no ad- 
vantage for such a mixture over an ordi- 
nary ground mixture made of the same 
feeds. (1052) 

1073. Rations that are slightly laxa- 
tive. — In order to secure the most effi- 
cient production, dairy cows should re- 
ceive rations that are slightly laxative. 
This is readily accomplished when plenty 
of well-cured legume hay or good silage 
is fed. If all the roughage is of a rather 
constipating nature, such as ordinary 
grass hay, com stover, or straw, care 
should be taken to include in the grain 
mixture a sufficient amount of laxative 
feeds, such as wheat bran, linseed meal, 
or molasses, to counteract the constipat- 
ing effect of the roughage. 

1074. An abundance of good rough- 
age. — The importance of an abundance 
of good roughage has been fully dis- 
cussed in the preceding chapter. ( 1022- 
1029 ) The results from supplying plenty 
of high-quality roughage are well shown 
by a recent cost study on Michigan farms. 4 
On the farms where abundant excellent 
roughage was provided, the average milk 
yield per cow was 12,043 lbs., and 
2,614 lbs. of grain and only 189 lbs. of 
protein supplements were fed. Where the 
roughage supply was poor, good produc- 
tion was also secured (an average of 
11,727 lbs.), but it was obtained by 
feeding much more grain and protein 


supplements (3,921 lbs. graim^nd 519 
lbs. protein supplements). Wan the ex- 
cellent roughage supply, tiWe feed cost 
per 100 lbs. milk was 4§^ceilts less and 
the net return per cow $65 more than 
with poor roughage. 

In most of our dairy districts it is 
economy to supply dairy cows with an 
abundance of good hay during the barn- 
feeding season. The only usual exception 
is where the weather is such that it is 
very difficult to make satisfactory hay. 
Under these conditions cows should be 
filled up with good silage, but a small 
amount of hay should be fed in addition, 
if possible. 

If cows are fed all the well-cured 
hay and other good roughage that they 
will eat, considerably less concentrates 
are needed to keep up a high milk yield 
than when the supply of roughage is 
scanty or of poor quality. (1022) If one 
has plenty of hay, it is an excellent plan 
to feed it so liberally to good cows that 
they leave some of the coarser stems. 
These less nutritious parts can be used 
for bedding or fed to idle work stock. 
When fresh hay is put before cows more 
often than twice a day, the amount they 
will eat is generally increased somewhat. 

The values of the various kinds of 
hay have been discussed in detail in the 
chapters of Part II. Where possible, leg- 
ume hay or mixed legume-and-grass hay 
should be fed to dairy cows, as it is 
much richer in protein, calcium, and vita- 
mins than the usual quality of grass hay. 
However, timothy or other grass hay is 
satisfactory for cows, if it is grown on 
well-fertilized land, and if it is cut early 
and well-cured. (564) When but little 
legume forage is fed, the concentrate 
mixture must, of course, be considerably 
richer in protein than is needed with an 
abundance of legumes in the ration. 
(1016) 

1075. Succulent feeds. — Succulent 
feeds, such as silage, are highly desirable 
for dairy cows, because of the advantages 
that have been discussed in previous 
chapters. (421., 523) Such feeds are so 
palatable that when they are included in 
the ration cows eat more total roughage, 
and therefore need less concentrates than 
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when 
cause 

effect, |rilag|and other succulent feeds 
aid in keep*^ high-producing cows 
^thrifty. There is^especial need of succu- 
lent feeds when there is little or no leg- 
ume hay in the ration. 

In this country silage is the common 
succulent feed for winter feeding. 
Though roots are an excellent feed for 
dairy cows, they are so much less eco- 
nomical than silage under our conditions 
that but few roots are grown for stock 
feeding. (627, 630) Detailed informa- 
tion on the value of the various kinds of 
silage for dairy cattle has been given in 
earlier chapters. In our chief dairy dis- 
tricts corn is the most important silage 
crop, and in the plains states silage from 
the sorghums is of similar importance. Si- 
lage from alfalfa and other hay crops is 
excellent for dairy cattle when properly 
preserved. Such hay-crop silage is even 
higher than corn silage in carotene, and 
helps maintain a high vitamin A value in 
the milk throughout the winter. (438) 

While silage is highly desirable for 
dairy cows during the winter, it is not 
absolutely necessary for good produc- 
tion. If cows are fed a liberal amount of 
excellent legume or mixed hay and are 
supplied with water in drinking cups, 
they may produce nearly as much milk 
as when they are fed silage in addition. 
However, unless the dry roughage is ex- 
cellent, their production will be decid- 
edly greater if they receive succulent 
feeds. (503-504) 

Whether or not to supply silage is 
primarily a question of farm economics 
and farm management. (424) For ex- 
ample, in the com belt the use of corn 
silage is generally advisable, on account 
of its high value and its economy. On the 
other hand, in certain of the western al- 
falfa districts nutrients can be provided 
so much more cheaply in alfalfa hay than 
in any form of silage that it may not be 
profitable to use silage. 

1076. Amount of silage for dairy 
cows. — The amount of silage fed per head 
daily to dairy cows usually ranges from 
20 to 40 lbs. per 1,000 lbs. live weight. 
When cows are fed twice a day all the 


silage and good legume hay that they 
will eat, they take about 3 lbs. of silage 
and 1 lb. of hay daily per 100 lbs. live 
weight, in addition to the usual amount 
of concentrate mixture. If the hay is of 
excellent quality, they may eat a little 
more hay than this. 

Most dairymen who have plenty of 
both silage and hay let their cows have 
all of each that they will clean up, ex- 
cept perhaps in the case of cows on offi- 
cial test. Limiting the amount of silage 
and hay for such cows may induce them 
to eat more of the concentrate mix- 


ture. 


Practically all of the advantage from 
feeding silage to cows can be gained 
when no more than 15 to 20 lbs. per 
bead daily is fed, along with a very lib- 
eral amount of hay. 5 Where the cost of 
nutrients in silage is relatively high com- 
pared with the cost in hay, it may there- 
fore be most economical to give the cows 
all the hay they will take and only half 
the usual amount of silage. If the hay is 
of especially good quality, they may con- 
sume even more dry matter and total di- 
gestible nutrients in roughage when thus 
fed than if given more silage. They will 
then need less concentrates to keep up a 
good yield of milk. 

On the other hand, in sections 
where the weather makes the curing of 
hay difficult, it may be desirable to use 
silage as the only roughage, or to feed 
only a small amount of hay with all the 
silage the cows will eat. It should be 
borne in mind, however, that ordinarily 
the easiest way to provide ample 
amounts of vitamin D in winter rations 
is through feeding well-cured legume or 
mixed hay. (1046) 

If com or sorghum silage is fed as 
the only roughage or with but little hay, 
it is important to see that the concentrate 
mixture has plenty of protein to balance 
the low-protein silage. Also, it is wise to 
feed a calcium supplement to make sure 
there is plenty of this mineral nutrient. 
Cows fed silage as the only roughage will 
often eat 6 lbs. or more of silage daily 
per 100 lbs. live weight. 

In some experiments the results 
have been very satisfactory when com 
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or other silage has been fed as the only 
roughage, except for straw the cows may 
have picked up from the bedding. 6 For 
example, in an Iowa experiment heifers 
were paired at birth, and one heifer in 
each pair was fed corn silage as the only 
roughage for consecutive years. 7 The 
other heifer in each pair had hay for the 
first 6 months and then both hay and 
silage. All were on pasture in summer 
after a year of age. The calves having 
silage as the only roughage did not grow 
quite so rapidly at first, but by a year of 
age there was no appreciable difference 
in size. In 2 lactations the silage-fed cows 
produced even more milk and fat than 
those receiving both hay and silage. 

Differing from these results, in other 
experiments it has been necessar) to feed 
a greater amount of concentrates than 
usual to keep up the milk yield when 
corn silage or hay-crop silage was the 
only roughage; or else the milk produc- 
tion has been lowered. 8 Considering all 
the information available, it seems wise 
under usual conditions to feed at least 6 
or 7 lbs. per head daily of good hay in 
addition to silage, instead of using silage 
as the only roughage. 

II. Feeding Cows on Pasture 

1077. Good pasture necessary for 
cheap milk production. — No factor is of 
greater importance in reducing the cost 
of milk production than providing excel- 
lent pasture for the herd over just as long 
a period as possible. First-class pasture 
is highly palatable and also very nutri- 
tious. As a result, when cows can eat their 
fill of it, they will get from the pasture 
forage a decidedly larger proportion of 
the nutrients they need for high milk pro- 
duction, than when barn-fed on good 
hay and silage. Good pasture is high in 
digestible nutrients on the dry basis, and 
it is also rich in protein, minerals, and vi- 
tamins. (358-362) 

Unfortunately, in most sections per- 
manent pastures furnish ideal pasturage 
for only a short season, and in midsum- 
mer they are too often parched and 
brown. The importance of pasture ferti- 
lization and the methods by which good 
pasture can be provided throughout the 


entire season are discussed in/detail in 
Chapter XIII. ' ^ 

The great economy providing 
good pasture for dairy /tows has pre- 
viously been emphasized in Chapter 0 
XIII. (357) When ^ell-fertilized and 
properly-managed pastures are provided, 
a high yield of milk can be maintained 
throughout the summer with a minimum 
amount of grain or other harvested feed. 
On the other hand, when little effort is 
made to improve the pastures, a large 
amount of additional feed must be sup- 
plied in order to keep up a good milk 
flow and to prevent the cows from run- 
ning down in flesh. 



Pasture the CheapeUWeed 

An abundance of good pasture is neces- 
sary for economical milk production, because 
such pasture supplies the cheapest feed. 
(From New York State College of Agricul- 
ture, Cornell University.) * 

The proper feeding of milk cows on 
pasture is much simpler than is winter 
feeding, and doubtless this is why so 
many farmers, busy with their crops, fail 
to give their herd the necessary atten- 
tion in summer. Often the cows are 
merely turned to pasture after milking 
at night and in the morning, with no 
further thought as to the supply of feed 
actually available. It is then no wonder 
that when the pasturage becomes scanty 
in midsummer, the cows run down in 
flesh and fall off severely in yield of milk. 

A shortage of feed in midsummer is 
much more serious for dairy cows than 
for beef cattle being fattened on pasture. 
When the pasture becomes scanty, the 
beef cattle may not much more than 
maintain their weights, but when the 
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pasture ^ppngs up again after the fall 
rains, |iey%ill make good gains. On the 
other hand^HEvthe milk yield of high- 
reproducing cow\is seriously reduced by 
scanty feed, it is difficult or impossible to 
bring them back to their former yield by 
liberal feeding in the fall. Also, succu- 
lent, palatable pasturage is more impor- 
tant for dairy cows than for beef cattle. 

Care should be taken to provide 
good pasture for cows at night. In Vir- 
ginia studies it was found that cows did 
half of their grazing at night. 9 

In the spring many dairymen make 
the mistake of turning the herd to pas- 
ture before the grass is well started. This 
not only injures the pasture but also is 
apt to decrease the yield of milk, for the 
cows cannot get much nourishment from 
the scanty forage. It is important, how- 
ever, that grazing start as soon as the 
grass is ready. Otherwise, the cattle may 
be unable to keep the forage grazed 
down during the period of most rapid 
growth, and it will then become too ma- 
ture and will be unpalatable. 

< When cows in milk are first turned 
on pasture in the spring, the feeding of 
, some concentrates and also hay should 
be continued until they become used to 
pasture and until the grass becomes 
abundant. If this is not done, good cows 
will run down in condition. The young 
grass stimulates them to produce more 
milk than on their winter ration, but it is 
frequently so low in dry matter and nu- 
trients that the cows are unable to eat 
enough of it to meet their needs. 

Often cows are left on pasture, with- 
out other roughage, entirely too late in 
the fall. They should be housed in the 
barn and be on full winter rations before 
poor pasture or unfavorable weather cuts 
down their yield. Much of the drop in 
milk yield that often occurs in the fall 
can be prevented if the cows are 
changed gradually from pasture to barn- 
feeding conditions. During this change 
plenty of good hay should be fed and 
also silage, if available. By starting the 
feeding immediately after silo filling, top 
spoilage may be entirely avoided. 

1078. Pastures for dairy cows. — 
The value of the various pasture crops 


is discussed in detail in Chapters XVI 
and XVIII. Throughout the northern 
states, bluegrass and combinations of 
bluegrass with white clover and other 
legumes are the most common perma- 
nent pastures. In the central states and 
southward, combinations of grasses and 
lespedeza provide excellent pasture 
throughout the growing season. In the 
South, Bermuda grass arid other south- 
ern grasses take the place of the blue- 
grass of the North. 

Pasture mixtures grown in the regu- 
lar crop rotation, such as a mixture of al- 
falfa and brome grass or orchard grass or 
a combination of Ladino clover and 
grass, provide a much greater yield than 
permanent bluegrass pasture. Still more 
important is the fact that they furnish 
good feed in midsummer, when blue- 
grass is often parched and brown. 

In the South good pasture can be 
provided during most of the winter by 
winter cereal pasture or else winter leg- 
umes or legume-and-cereal combinations. 
Such pasturage will increase the winter 
milk yield and make a decided decrease 
in the cost of production. 10 Even in the 
northern states winter grain provides ex- 
cellent late fall and early spring pasture. 

The carrying capacity of pastures 
varies widely, depending on the soil and 
climate and especially on how wisely the 
pasture is managed. If no supplemental 
feed is provided for periods of drouth, 
1.5 to 2.5 acres of fairly good pasture 
should be provided per cow, but if such 
additional feed is furnished and the pas- 
ture is properly fertilized, the pasture 
allowance can be reduced to 1 acre per 
cow or even less. In the West, irrigated 
pasture which is well fertilized may 
carry more than 2 cows per acre through- 
out the season. 

Cows on abundant pasture will eat 
90 to 150 lbs. of forage a day, and some- 
times 200 lbs. or more. To harvest this 
amount of grass with her mouth, a cow 
must graze several hours a day, even 
when the pasture is good. When the for- 
age is scanty, she spends much more en- 
ergy in grazing in an effort to get enough 
feed. In Kansas tests, cows spent 7.3 
hours a day grazing on poor pasture, 
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while they needed to graze only 5.6 
hours on good pasture. 11 

1079. Supplementing scanty pas- 
ture. — The various methods of supple- 
menting permanent pasture in midsum- 
mer are discussed in Chapter XIII. Often 
the best way is to use for pasture at this 
season the second crop on a mixed leg- 
ume-and-grass hay field which has been 
cut early. Another method is to grow 
Sudan grass or some other annual pas- 
ture crop for summer pasture. 

If plenty of forage cannot be pro- 
vided throughout the summer by one of 
these means, the cows should be fed si- 
lage, hay, or green soiling crops to make 
up the lack. This is generally much more 
economical than to try to keep up the 
production by merely increasing the 
amount of concentrates. When there are 
enough cows in the herd to use up silage 
fast enough to keep it from spoiling, si- 
lage is generally a much more economi- 
cal summer feed than soiling crops. 
(386) 

If soiling crops are used, it should 
be borne in mind that they are more 
watery than good corn silage, and hence 
it is necessary to feed a considerably 
greater weight. 

1080. Feeding cows on pasture. — 
It is often difficult to decide how much 
grain mixture to feed cows on good pas- 
ture, or whether to feed no grain at all. 
The answer depends on the amount and 
quality of the forage the pasture fur- 
nishes and on the actual production of 
the cows. 

Good pasture alone will provide 
cows with sufficient nutrients for body 
maintenance and the production of 
about 10 to 20 lbs. of milk, depending 
on its richness. If the pasture is excellent, 
it will provide for still more milk. Cows 
of high productive capacity that are fed 
no grain mixture on pasture may con- 
tinue to yield more milk than these 
amounts, but they must draw on their 
bodies for the additional nutrients 
needed. Consequently, they will lose 
weight and run down in condition. 

The -Grain feeding table for cows 
on pasture” in Appendix Table VIII pro- 
vides a convenient guide for the feeding 
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of grain or other concentrates t/^cows on ; 
various grades of pasture. Separate rec- 
ommendations are made fop4x>ws^on ex- 
cellent, good, and fair pasture, land for M • 
specific yields of milkywntaining; various 
percentages of fat. These recommenda- 
tions are based upon the results of the 
various studies that have been made of 
the feed requirements of cows on pas- 
ture. 12 

Good cows should be fid about the 
amounts of grain mixtures shown in this 
table, except when milk is unusually low 
in price compared with the price of grain 
and other concentrates. It may then be 
most economical to feed no grain to cows 
on good pasture unless they are produc- 
ing more than I lb. of butterfat a day, 
and to feed higher producers only one- 
half to two-thirds as much as stated in 
the table. 

Even when the feeding of a grain 
mixture to cows on good pasture does not 
result in enough higher production dur- 
ing the summer to show an immediate 
profit, it may nevertheless be advisable. 

This is because it will prevent good cows 
from running down in condition on pas- 
ture and will result in higher yields dur- 
ing the following fall and winter. 

If cows have an abundance of good 
forage on pasture, the feeding of hay in 
addition does not usually increase milk 
production enough to be profitable. 13 
However, on such legume pasture as al- 
falfa or Ladino clover, providing hay in 
a rack on pasture may help prevent bloat. 

(49) 

Since young grass and other forage 
plants are very rich in protein, on the 
dry basis, there is no need of using a 
grain mixture that is rich in protein for 
cows on good pasture. (359) Merely a 
mixture of farm grains or a concentrate 
mixture containing 12 per cent protein 
will provide plenty of protein for cows 
on excellent pasture, except in the case 
of unusually heavy producers. This is 
shown clearly by the results of Michigan 
and Ohio experiments. 14 In these tests 
cows on good pasture produced as much 
or nearly as much milk when fed a con- 
centrate mixture having only 11 to 12 per 
cent total protein or only a mixture of 
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•graiif as^thers fed a mixture containing 
much,mo^ protein. In no case was the 
yielcFsin theJiigh-protein mixture enough 
n greater to pajSfor the additional cost. 

Unless the ^rass is kept growing ac- 
tively by liberal fertilization and proper 
pasture management, it will be consider- 
ably lower in protein, on the dry basis, 
during midsummer. It will then be neces- 
sary to increase the protein content of 
the concentrate mixture. Unless the pas- 
ture is decidedly poor, however, it will 
not be necessary to have more than 16 to 
18 per cent protein in the mixture. 

Various concentrate mixtures suit- 
able for feeding on excellent, good, fair, 
and poor pasture are given in Appendix 
Table VII. 

III. Feed and Care Before 
and After Calving 

1081. Dry period important. — 
Dairy cows should have a dry period for 
a time before calving, as they will then 
produce considerably more milk in a year 
than if they are milked continuously. 15 

The rest period enables the cow to 
rebuild in her body the store of nutrients 
which she has drawn upon during the 
height of milk production. Also, a dry 
period is necessary for proper recupera- 
tion and development of the secreting 
tissues of the mammary gland before an- 
other lactation starts. (298) It has been 
shown in the previous chapter that only 
during the dry period and the last weeks 
of lactation can a high-producing cow re- 
gain the calcium and phosphorus drawn 
from her body stores earlier in lactation. 
(1038) For this reason alone, it is un- 
doubtedly important that good cows have 
a dry period of reasonable length. 

The length of dry period needed de- 
pends on the productive level of the cow 
and on her state of flesh at the end of 
lactation. High producers should have a 
longer rest than lower yielders, and cows 
thin in flesh should be dry long enough 
and be fed so that they will be in good 
condition by calving time. 

Dairy scientists differ in the length 
of dry period advised. Some recommend 
that a good cow should be dry 8 weeks, 
while others advise a dry period of 30 to 


60 days, depending on how much milk 
the cow has produced and her state of 
flesh. 

From a study of records of cows in 
dairy herd-improvement associations in 
12 states, Klein and Woodward of the 
United States Department of Agriculture 
concluded that a dry period of about 8 
weeks gave the best annual yield for 
cows producing 10,000 lbs. of 4 per cent 
milk a year and calving at 12-month in- 
tervals. 16 Either a longer or a shorter dry 
period reduced the annual milk yield. 

Various methods are used in drying 
off persistent producers. Probably the best 
and most rapid method is to discontinue 
milking abruptly, if the cow is not giving 
more than about 20 lbs. of milk a day. 17 
If a cow is giving more milk than this, 
her production can usually be reduced 
to this level by severely restricting her 
feed. 

After the last milking, it is best to 
wash and dry the teats carefully and 
then to seal the ends with collodion to 
prevent the entrance of bacteria. If the 
udder Alls so much with milk that there 
is danger of its becoming congested, the 
cow should be milked out clean, and 
only milked again as it may be necessary. 
This method dries off a cow much more 
rapidly than the older method of grad- 
ually decreasing the frequency of milk- 
ing, first to once a day, then once in 2 
days, etc. This method should not, how- 
ever, be used for cows having mastitis. 

1082. Feed and care during dry 
period. — Proper feeding during the dry 
period is important to get the cow into 
condition for heavy production and also 
to prevent trouble at calving time. Dur- 
ing the barn-feeding season no better 
ration can be provided than legume hay 
and silage, with enough grain mixture to 
get the cow into proper condition before 
she freshens. Plenty of well-cured hay is 
important, because it furnishes vitamin 
D. This is necessary for the rebuilding 
of the stores of calcium and phosphorus 
in the bones, which may have been lost 
during the flush of milk production. 

When dry cows are fed legume hay 
as the only roughage, a mixture of farm 
grains alone, such as one-half ground 
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corn or barley (by weight) and one-half 
ground oats, will provide sufficient pro- 
tein. It has been the belief of some that 
the feeding of a concentrate mixture con- 
sisting largely of corn to a cow during 
the dry period would increase the con- 
gestion in the udder at calving time. 
However, in a Kansas test the feeding 
of corn as the only concentrate during 
the dry period did not produce any sig- 
nificant difference in the results. 18 

If at least one-third of the roughage, 
on the dry basis, is legume forage, the 
grain mixture need not have more than 
12 per cent protein. However, if the cows 
must be fed only low-protein roughage, 
the grain mixture should have at least 
16 per cent protein. Unless the grain mix- 
ture contains 20 per cent or more of 
feeds high in phosphorus, such as wheat 
bran, linseed meal, or cottonseed meal, 
1 lb. of bone meal or other safe phos- 
phorus supplement should be added to 
each 100 lbs. 

Formulas for several grain mixtures 
that are suitable for feeding with vari- 
ous kinds of roughage are given in Ap- 
pendix Table VII. A popular mixture for 
dry cows that are fed little or no legume 
roughage is 100 lbs. of ground corn, 
hominy feed, or ground barley; 100 lbs. 
of ground oats; 100 lbs. of wheat bran; 
and 50 to 100 lbs. of linseed meal. 

If a cow is in fairly good condition 
when she is dried off, 2 to 4 lbs. of grain 
mixture a day with good roughage should 
be sufficient. On the other hand, if she is 
thin, the amount should be increased to 
5 or 6 lbs., or even more. Cows that are 
to be on advanced registry test are usu- 
ally fed with great liberality when dry, 
so they will be fat at time of freshening. 
(H°3) 

During the pasture season, no addi- 
tional feed need be furnished dry cows 
if there is plenty of forage. However, if 
pastures become scanty, enough addi- 
tional feed should be fed to get them in 
the desired condition. 

The benefit from getting cows into 
proper condition by calving time is 
shown by a New York trial. 19 Good 
cows which were fed well in the dry 
period produced an average of 705 lbs. 


more milk and 23 lbs. more fat/jjan they 
had yielded in the previous lactation 
when they had been fed Jess liberally 
during the dry period. TM previous year p 
they had averaged 112 JSs. lighter; in live 
weight at calving time. The increase in 
yield was secured by feeding only about 
440 lbs. more concentrates during the 
dry period and during lactation. For each 
additional 100 lbs. of milk, only 62 lbs. 
of concentrates were fed, with no addi- 
tional roughage. Except when milk is 
veiy cheap in comparison with the price 
of concentrates, this would make it de- 
cidedly profitable t‘o feed sufficient con- 
centrates during the dry period to get 
such cows into fairly good condition be- 
fore calving. 

Experiments ' by the United States 
Department of Agriculture show that ex- 
cept when cows are to be on official test, 
or when the price of milk is high com- 
pared with the price of concentrates, it 
does not pay to feed them so liberally 
during the dry period that they become 
very fat. 20 

In England the liberal feeding of 
cows during the dry period is called 
“steaming them up.” Hammond of Cam- 
bridge University believes that good 
feeding for 6 weeks or so before calving 
is necessary to secure full development of 
the secreting cells of the mammary 
gland. 21 

However, it appears that the impor- 
tant point is to have the cows in good 
condition by calving time, regardless of 
the method of feeding used. In an Illi- 
nois trial cows and heifers fed only ample 
good roughage before calving produced 
about as much milk as others “steamed 
up” by feeding increasing amounts (up 
to 12 lbs. a clay) of concentrate mixture 
during 6 weeks previous to calving. 22 

In the Tennessee Station herd ex- 
cellent results have been secured by feed- 
ing the cows during the latter months of 
lactation enough concentrate mixture to 
get them into good condition by the time 
they are dried off. 23 During the dry pe- 
riod they are fed only plenty of good 
roughage. About the same total amount 
of concentrates is fed in a year as in the 
usual method. It is reported that with 
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‘this "m^od there are fewer difficulties 
at calvings time and less inflammation of 
the udder. This method is advisable only 
^ where cows dip be fed abundant rough- 
age of first-clasX quality. 

If is often recommended that for a 
week or so before calving, a grain mix- 
ture should be fed which is very bulky 
and laxative, such as: (1) Equal parts 
by weight of ground oats and wheat 
bran; or (2) equal parts by weight of 
ground oats, wheat bran, and linseed 
meal. There is, however, no need of 
feeding a special mixture, if the ration 
previously fed has been laxative enough 
to prevent constipation. The recommen- 
dation is also often made that the allow- 
ance of concentrates be reduced at this 
time to only 3 or 4 lbs. a day, if more 
has been fed. Unless the cow's udder 
shows a tendency to become congested, 
it is not, however, necessary to reduce 
the allowance. 

A cow that is soon to calve should 
be turned out for exercise each day when 
the weather is suitable. She must not be 
chased by dogs or be crowded through 
narrow doors or gates. Care should also 
be taken that she is not injured by slip- 
ping on the stable floor or on ice. 

1083. Gestation period; frequency 
of calving. — In a study of the gestation 
periods of dairy cows of the various 
breeds, the United States Department of 
Agriculture found the average lengths in 
days for normal calving to be: Holsteins, 
278.9; Jerseys, 279.3; Ayrshires, 278.7; 
Guernseys, 284.0; and Brown Swiss, 
29G.0. 24 Male calves are usually carried a 
trifle longer than heifers, and twins a 
shorter time than single calves. First 
gestation periods are commonly 1 to 
2 days shorter than the average for all 
ages. 

Unless dairymen wish to change the 
period of freshening in their herds, they 
usually prefer to have the cows calve 
at intervals of about 12 months, as this 
results in the highest annual yield per 
cow over a period of years. However, the 
average interval will generally be con- 
siderably longer than this, because of 
difficulty in getting some cows in calf. A 
much shorter interval than a year is apt 


to reduce the annual yield, especially in 
the case of high-producing cows. 

When a cow is to be run on ad- 
vanced registry test the next year, some- 
times breeding is delayed a few weeks, 
as this tends to cause a higher yield in 
the following lactation period. 

1084. Calving time. — Unless the 
herd is at pasture, the cow should be put 
in a thoroughly cleaned and disinfected 
box stall at least 2 or 3 days before the 
expected date of calving. Even when the 
cows are on pasture, it is wise to put a 
cow that is soon to calve in a box stall or 
in a small pasture lot where she can be 
given any needed attention. 

As calving time approaches, the 
udder of a good cow will become swollen 
with milk, and in some cases may be- 
come decidedly congested. Some dairy- 
men start milking such cows a few days 
before calving (called prepartum milk- 
ing), in the belief that it will reduce the 
swelling and congestion. However, in 
experiments in which prepartum milking 
has been tested, in most cases it did not 
have this effect. 25 In these experiments 
prepartum milking did not generally in- 
crease the milk yield in the following 
lactation. 

When a cow is milked prepartum, 
it is necessary to save for the calf, by 
freezing or refrigeration, the colostrum 
milk that will be produced mostly before 
the calf arrives, or else to feed it colos* 
tram from another cow, or to feed it a 
vitamin A supplement. (1117) If the 
udder becomes unduly congested, it is 
well to rub it twice a day with a mixture 
of one-half cod-liver oil and one-half 
ethyl alcohol, or some other suitable mix- 
ture. 

The cow may be allowed feed and 
water as usual up to calving time, but 
she will not generally have much appe- 
tite soon before calving. She should not 
be molested during calving, unless assist- 
ance is needed. To avoid injuring her, 
assistance should then be given only by 
a veterinarian or some other experienced 
person. During and after calving, the 
cow should be protected from drafts. 

As soon as the calf arrives, it should 
be given any needed attention. If it does 


it 
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not begin to breathe promptly after birth, 
any mucus or membrane should be re- 
moved from its nostrils, and attempts 
should be made to start respiration by 
slapping the chest vigorously or by alter- 
nately compressing and relaxing it. 

If the cow does not dry the calf by 
licking, it should be dried by rubbing 
with a cloth or dry straw. If the after- 
birth is not expelled naturally within 
about 48 hours after the birth of the calf, 
the services of a veterinarian should be 


from its dam not, more than a ^y*ufter' 
birth, than when it remains^ with her 
longer. 

1085. Feed and care/after calving. 
— It is highly important that a cow be 
properly fed and carra for during the 
first month after calving. Because of her 
weakened condition, she should be blan- 
keted after she calves, if the stall is too 
cold. The amount of f^ed should be very 
limited for the first /day, and the cow 
should be given lukewarm water to 



Cow and Calf in Maternity Stall 


Unless the herd is at pasture, a cow should be put into a thoroughly cleaned and dis- 
infected box stall at least 2 or 3 days before the expected date of calving. ( From New York 
State College of Agriculture, Cornell University. ) 


secured, if possible. The cow should not 
be allowed to eat the afterbirth. 

If the calf is weak and does not 
nurse within a half hour, it should be 
helped to get its first meal. It is very im- 
portant that the calf receive the colos- 
trum. (270) To guard against navel in- 
fection, the navel should be disinfected 
with tincture of iodine soon after birth. 

It is best to separate the calf from 
the cow not later than 24 hours after 
birth. 26 If left with her longer, it may get 
so much milk that scours will result. It 
is also usually less difficult to teach a calf 
to drink from a pail when it is separated 


drink, unless there is a drinking bowl in 
the stall. During the first day after calv- 
ing she may be given what hay and 
other roughage (including silage) that 
she cares for, but she should have only 
a small amount of grain mixture. If the 
cow is doing well, she may have for the 
first feed about 1 lb. of the same con- 
centrate mixture that was fed during the 
dry period. Some dairymen prefer to 
feed a cow a hot bran mash or a mash 
of bran and oats, fed as a slop, soon after 
calving. 

After the first day, the amount of 
grain mixture should be increased grad- 
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"•uair^'pi^il the cow is on full feed. How- 
\ ever, where there ‘ has, 1 been trouble from 
ketosis in *a, herd, it is important to get 
cows on full feed as soon after calving as 
' can be* done wrshout throwing them “off 
feed.” H 1087 ) It * may take 3 weeks or 
more to get high producers on full feed, 
while lower producers can be fed their 
usual allowance somewhat sooner. 

If the udder of a cow becomes swol- 
len and congested, the amount of grain 
mixture should be reduced. Applying 
cold water carefully to the udder with a 
hose, followed by thorough milking, will 
relieve the congestion. This process 
should be repeated 4 to 6 times a day, if 
necessary. 

1086. Milk fever.— Dairymen with 
experience know that their best cows, ex- 
cept heifers, are apt to have milk fever 
during the first few days after calving. 
This is caused by a lack of calcium in the 
blood, produced by the heavy drain on 
the supply of this mineral when the cow 
begins to secrete a large amount of milk. 
It has been stated previously that the 
parathyroid glands normally regulate the 
amount of calcium in the blood in some 
manner, (54) Later in lactation the cow 
is able to draw on the store of calcium 
in her skeleton when she does not secure 
enough from her food. At the outset of 
lactation the parathyroid glands seem to 
be unable in some cases to meet the de- 
mand for calcium, and milk fever re- 
sults. 

The incidence of milk fever, or par- 
turient paresis, is highest in high-produc- 
ing cows 5 to 10 years old, and Jerseys 
are more susceptible than other breeds. 
First calf heifers are rarely affected. 

The usual treatment for milk fever 
is the injection of a solution of calcium 
gluconate or other calcium salt into the 
jugular vein or mammary veins, to raise 
the calcium content of the blood. The 
older method of treatment was to inflate 
the udder with air, which stops milk se- 
cretion by the increased pressure in the 
udder, and thus prevents the drain on 
calcium for milk production. The method 
is effective, but there is danger of infect- 
ing the udder with mastitis. However, 
the inflation method is still used in cases 


which are not cured by the injection of 
a calcium salt. 

Some dairymen follow the practice, 
in the case of high-producing cows, ex- 
cept heifers, of leaving some milk in the 
udder at each milking for a few days 
after calving, in order to reduce the milk 
secretion. Others believe that prepartum 
milking lessens the tendency for milk 
fever to develop. However, in Mississippi 
and Wisconsin tests partial milking was 
not effective in preventing it, 27 and nei- 
ther was prepartum milking in Wisconsin 
trials. 28 

In recent Ohio experiments milk 
fever has been prevented in susceptible 
cows by giving in the feed extremely 
large doses of vitamin D daily for at least 
3 days and preferably not more than 7 
days before calving, and 1 day after 
calving. 29 The daily dose is 30 million 
units of vitamin D in the form of dry 
irradiated yeast or else irradiated ergos- 
terol in oil. This dosage should not be 
continued for a longer time, as this 
great amount of vitamin D is toxic if 
continued too long. If a cow does not 
calve by the expected time, the dosage 
should be discontinued until she calves, 
and the treatment given again for the 
day after calving. The high dosage of vi- 
tamin for the short time seems to pre- 
vent the drop in the calcium content of 
the blood, either by increasing the assim- 
ilation from the food or by mobilizing 
the calcium store in the skeleton. 

Another method of prevention re- 
cently developed through California ex- 
periments is to feed susceptible cows a 
ration very high in phosphorus and ex- 
tremely low in calcium for a month be- 
fore calving. 30 In this method the cow is 
fed only 5 to 8 lbs. a day of low-calcium 
hay, such as oat hay or grass hay with 
no legumes, and is allowed no other 
roughage. She is fed 8 to 12 lbs. a day 
of a low-calcium concentrate mixture to 
which is added 5 lbs. of sodium phos- 
phate per 100 lbs. of the mixture. It is 
believed that this method of feeding 
forces the parathyroid gland to increase 
its activity and draw on the calcium store 
in the skeleton. 

This method of prevention was ef- 
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fective in most cases. However, it has 
the disadvantage that high-producing 
cows can regain their store of calcium, 
lost during the height of milk produc- 
tion, only during the dry period and the 
last part of the lactation. Where this 
method is tried, it is important that the 
cows get an abundance of legume for- 
age, high in calcium, during the latter 
part of the lactation period and during 
the first part of the dry period, before 
they are placed on the calcium-deficient 
ration. 

1087. Ketosis, or acetonemia. — Ke- 
tosis, or acetonemia, is a serious dis- 
ease in some dairy herds, especially of 
high-producing cows. Some of the symp- 
toms resemble milk fever, but it does not 
usually occur until several weeks after 
calving. In ketosis there is a rapid fall in 
milk yield, a loss of weight, digestive dis- 
orders, drowsiness, and sometimes pro- 
nounced nervous symptoms. 

Ketosis is apparently caused by an 
insufficient supply or faulty utilization of 
carbohydrates in the body, resulting in a 
serious deficiency of glucose in the blood. 
The trouble may be brought on by vari- 
ous causes or stresses, but the chief cause 
is the drain on the glucose supply of the 
blood in high production. The lack of 
carbohydrates causes an increased me- 
tabolism of fat, and an accumulation of 
certain normal products of fat metabo- 
lism (called ketone bodies) which are 
toxic when present in excess. The dis- 
ease has usually been treated by the in- 
jection of a glucose solution into a vein, 
generally combined with the feeding of 
molasses or sugar. 

Recently, Shaw and associates of the 
Maryland Station have found that ketosis 
can be cured, except in cases complicated 
with other diseases, by the intramuscular 
injection of the hormone cortisone. 31 
Sometimes a second or third injection is 
needed. The hormone called ACTH (or 
corticotropin) has also been used with 
success. Certain cortisone derivatives are 
even more potent than cortisone. These 
hormones restore the blood level of glu- 


Still more recently, Schultz of the 
New York (Cornell) Station has had 


good results in curing unco^ixu&%f " Jf! 
cases of ketosis by feeding sodium pro- f f ! 
pionate, a relatively cheap, compound, 
for 3 to 10 days at the rate, of one-quarter 
pound daily, divided Kit o two ' doses, ’ 
mixed with the grain. ^ In severe cases 
where the cow is eating little or no grain, 
one-half pound of the sodium propionate 
is administered by capsule or drench. 1 

In a test with 50 pairs of cows, one 
in each pair fed sodium propionate and 
one not, Schultz has also had good re- 
sults in preventing , ketosis by feeding 
one-quarter pound of it per head daily 
in the grain mixture* for 6 weeks after 
calving. 

Certain other products may help to 
prevent ketosis, -but more data are 
needed to warrant conclusions concern- 
ing their effectiveness. 

Insufficient feed before or aft^ 
calving may tend to produce ketosis. It 
is therefore not advisable to reduce the 
amount of concentrates too much before 
calving, and it is best to increase the feed 
intake after calving as rapidly as is safe. 

Some feed molasses or another form of 
sugar for 2 or 3 weeks after calving, but 
this is of doubtful value as a preventive 
of ketosis. Tests have shown that sup- 
plements supplying vitamin A, the B- 
complex vitamins, cobalt, or choline are 
not effective in preventing or curing 
ketosis. There may be more trouble from 
it when the cows have only "poor rough- 
age, such as cottonseed hulls. 


IV. Care of the Milking Herd 

1088. Shelter and comfort, — On 
dairy farms in the northern states the 
cows are generally housed during winter 
in closed stables, and confined by stan- 
chions or sometimes by ties or in stalls. 
The cows are kept in the stable, except 
that they are usually turned out for ex- 
ercise in suitable weather for an hour or 
so a day. During the pasture season the 
cows are commonly outdoors, except at 
milking time. 

Well-fed dairy cows do not need 
warm quarters in winter, even in cold cli- 
mates. This is because they are kept 
warm by the large amount of heat pro- 
duced in their bodies in the digestion 
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* and utilization of * their liberal rations. 
(228) Even in severe winter weather in 
the northern states, there is no benefit 
from a higher temperature than is pro- 
vided by a wM-built stable which is 
thoroughly insulated and has an efficient 
ventilating system. 

It was concluded in a national sur- 
vey of requirements for dairy barns that 
stable temperatures not lower than 35° 
to 45° F. were satisfactory in winter for 
dairy barns in the northernmost states. 33 
It was advised that the barn should be 
ventilated so that the. relative humidity 
of the air did not exceed 75 per cent 
under average weather conditions and 
85 to 90 per cent on extremely cold days. 

In studies by the United States De- 
partment of Agriculture and the Wiscon- 
sin Station it was found that the optimum 
winter stable temperature for cows in 
stanchions and moderately well fed was 
about 50° F. 34 There was very little de- 
crease in milk production at 45°. At 60° 
to 65° the milk yield was above aver- 
age, but the fat percentage was slightly 
reduced and the cows seemed less com- 
fortable. At the higher temperature there 
was much more trouble from cowpox. 
The lower temperature was preferred by 
the milkers, and the stable odors were 
less pronounced. 

Even in cold winter weather, well- 
fed dairy heifers over a year of age thrive 
when housed in an open shed, protected 
from prevailing winds. Many experienced 
dairymen believe that heifers housed 
thus and allowed to run out at all times 
into an exercise paddock are apt to de- 
velop into more rugged cows than heifers 
which are confined to a warmer stable in 
winter and allowed less exercise. 

Though housing yearling heifers in 
an open shed is excellent from the stand- 
point of the thrift of the heifers, experi- 
ments indicate that in cold climates 
heifers thus housed may require con- 
siderably more feed than those in warmer 
quarters. This is because dairy heifers are 
fed less liberally than cows in milk, and 
therefore less surplus heat is produced in 
their bodies. 

In Maine, North Dakota, and South 
Dakota trials heifers housed in an open 


shed or in a barn with an open door, 
through which they could run in and out, 
gained less and required considerably 
more feed than others housed in a 
warmer barn. 35 

For the comfort of dairy cows 
swinging stanchions are much preferable 
to the old-fashioned rigid ones. Many 
stanchion-type dairy barns have plat- 
forms too short and space for each cow 
too narrow for the larger cows in the 
herd. In such a bam udder and other in- 
juries are more frequent. 

Especially with long stalls, electric 
cow trainers keep the cows cleaner. 36 
This device is suspended just above the 
cows shoulders and is connected to an 
electric fence controller. When she 
humps up her back to defecate, she gets 
a very mild electric shock and steps back, 
so that the droppings fall in the gutter, 
instead of on the platform. 

High-producing cows may yield 
slightly more milk when they have the 
freedom of individual box stalls, instead 
of being confined in stanchions. How- 
ever, this increase, which will probably 
be less than 4 per cent, is not enough to 
pay for the extra labor and bedding re- 
quired and the extra cost of housing, ex- 
cept in the case of cows on advanced reg- 
istry test. 37 In a West Virginia experi- 
ment cows kept cleaner and had fewer 
injuries in “comfort” stalls than in tie- 
chain stalls which were smaller. 38 There 
was no difference in the amount of bed- 
ding needed. 

For the comfort of the cows and for 
cleanliness, sufficient bedding should al- 
ways be used. The various common bed- 
ding materials are discussed in Chapter 
XXIV. So that milk of good sanitary 
quality can be produced, the bam and 
the cows should be kept clean. Though 
grooming the cows may not increase the 
yield of milk appreciably, it is important 
from the sanitary standpoint. (1066) 

The importance of an efficient ven- 
tilating system to provide fresh air, to 
maintain a proper temperature, to reduce 
the humidity, and to remove dampness 
and foul odors, has been emphasized pre- 
viously. (246) For proper light, there 
should be a sufficient area of windows, 
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well distributed in the stable* A com- 
mon recommendation has been 4 square 
feet of glass area per cow, but in cold 
regions 3 to 3.5 square feet per cow is 
sufficient. The smaller glass area cuts 
down the loss of heat from the stable in 
winter. 

It is well to disinfect the stable 
thoroughly at least once each year, to aid 
in checking any possible spread of dis- 
ease. The benefits from dehorning cows 
have been pointed out in the previous 
chapter. 


fed their grain. The hay and oth<^ rough- 
age is best fed in a paved area adjacent 
to the loafing area. This is not bedded, 
but is cleaned daily or frequently. The 
loafing area is kept we$K bedded and is 
cleaned only when the manure has ac- 
cumulated to a considerable depth. Much 
more bedding is needed to keep the cows 
clean than when they are housed in a 
stanchion bam. 

The loafing-shed and milking-rooms 
system has * certain ■ definite advantages : 
and also certain disadvantages. In the 



Loose Housing System of Housing Cows 

The cows have the freedom of an open shed, except, at milking time, 
relays to a milking room. (From Wisconsin Station.) 


The hoofs of dairy cattle should be 
trimmed when necessary to prevent them 
from becoming so long that the feet are 
injured. When the cattle are on pasture, 
the hoofs generally wear down suffi- 
ciently, but during the winter trimming 
is often necessary. 

1089. Loose-housing. — During re- 
cent years many dairymen have adopted 
the loose-housing, or pen-barn, method 
for their dairy cows. In this system the 
cows have the freedom of an open' loaf- 
ing shed or a large stable with a door 
open to the outside, except at milking 
time when they go in relays to a milking 
parlor. Here they are milked and usually 


loafing-shed method the cows are more 
comfortable and there are fewer injuries 
to udders,,’ hocks, and knees. The cows 
keep cleaner, if enough bedding is used. 
The trouble from mastitis may be re- 
duced. When the manure is allowed to 
accumulate in the pen bam and is only 
cleaned out a few times each winter, 
losses in fertility value can be lessened. 
(905) It is much easier to detect heat 
periods in the cows, but cows in heat 
may disturb the rest of the cows. The 
herd may be increased in size more read- 
ily, by building a cheap addition to the 
shed. The stable may easily be adapted 
to other types of livestock. If a new build- 
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Rfe^Sng^is 89 be built, the cost of housing 
lit will be less with this method. 

1 ,, The chief disadvantage is the much 

greater amount of bedding that is re- 
quired to keep'xthe cows clean. Where 
there is a shortage of bedding, this may 
be a very serious disadvantage. There are 
also other disadvantages. In the loafing- 
... shed method of housing, boss cows are 

S ften troublesome. Sometimes, certain 
pws must be housed elsewhere or dis- 
^M osed of for this reason. The cows must 
^wbe dehorned in this method. In cold 
climates it is necessary to heat the milk- 
ing room and also preferably the quar- 
ters for young calves the first few weeks 
of their lives. The cows grow heavier 
coats of hair, and the herd does not show 
off so well to men who may wish to 
purchase dairy animals. Disease may 
spread more rapidly in this method of 
housing. In some market milk areas, the 
health regulations may not permit this 
method of housing dairy cows, though 
ffj|,milk of very satisfactory quality can be 
produced by it if a proper amount of 
bedding is., used. 

Even in the extreme northern states, 
in the several tests of the loose-housing 
method by the experiment stations there 
has been little or no difference in the 
feed required by cows thus housed and 
those in much warmer ordinary stables. 39 
This is because of the surplus heat pro- 
duced in the bodies of well-fed cows in 
digesting and utilizing their liberal ra- 
tions. Also, although the air temperature 
in the loafing shed may be very low in 
winter, the temperature in the manure 
just below the straw bedding i£ always 
warm, ranging between 70° and 100° F., 
regardless of the weather. due 

to the heat produced in the slowf|%en- 
tation of the mass of manure. Th eCcqurs 
therefore always have a warm bed lorlie 
upon, even in zero weather. 

1090. Flies and fly sprays. — Every 
dairyman should endeavor to rid the 
premises of flies as much as possible. 
Flies not only annoy the cows and at- 
tendants, but are also a source of con- 
tamination. Control of flies by spraying 
has become more difficult because in 
some areas the flies have become resistant 


to lindane and methoxychlor, the two 
chief residual sprays approved for use in 
dairy stables. 

The most effective method of fly 
control is therefore preventing their 
breeding by careful cleanup of all pos- 
sible breeding sites. Pens and boxstalls 
should be cleaned at least twice a week 
in summer and the manure should be 
spread immediately or put at a consider- 
able distance from the daily barn. House 
flies can travel at least 2. miles. 

For spraying a dairy stable an in- 
secticide should be used which is ap- 
proved by the Food and Drug Adminis- 
tration for such use, instead of using an 
insecticide such as DDT, which passes 
into the milk, thus contaminating it. 

The sharp decline in milk produc- 
tion which often' occurs in midsummer is 
sometimes attributed to the annoyance 
of the cows by flies. Investigations have 
indicated, however, that in most dairy 
regions the decline is usually due more 
commonly to the heat or to a scanty 
supply Or pasturage at this time. 

For spraying dairy cows, one should 
use a pyrethrum spray, or one of the 
other sprays approved for this purpose. 
In numerous experiments, spraying cows 
with the older-type commercial or home- 
mixed fly sprays usually made little or. 
no increase in milk yield. 40 In some tests 
heavy applications of oil fly sprays even 
caused a decided drop in milk yield, 
especially in hot weather. This was prob- 
ably because the film of oil on hair and 
skin raised the body temperature in hot 
weather by preventing the evaporation 
of water from the skin. Some fly sprays 
may temporarily injure the parts of the 
skin exposed to the sunlight, if applied 
daily over a considerable period. For 
calves a water-emulsion or wettable- 
powder spray should be used, as oil-base 
sprays may produce^ serious skin injury, 
somewhat similar to 'X-disease. 41 Medi- 
cated stock salts, sold as a fly repellent, 
were found ineffective in Kansas and 
Oklahoma tests. 42 

1091. Exercise. — Except in stormy 
or unusually cold weather, dairy cows 
should be turned out daily during winter 
for exercise in a sunny yard sheltered 
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from prevailing winds. This will aid in 
keeping them thrifty, and the exposure 
to sunlight will help provide vitamin D. 
Moderate exercise also tends to increase 
slightly the yield of milk and the per- 
centage of fat. ( 1066) Forcing cows to 
stay outside a good share of the day in 
cold weather wastes feed and may re- 
duce the yield severely. In the South, 
winter pasture should be provided when- 
ever possible, in order to reduce the cost 
of feeding the herd. 

1092, Frequency and order of feed- 
ing. — The most common practice in dairy 
herds is to feed the grain mixture be- 
fore milking, and then after milking to 
feed the silage or other succulent feed 
which might taint the milk if fed before 
milking. When the cows are milked in a 
milking parlor, usually the cows are fed 
their grain mixture at that time. The hay 
is generally fed after the silage has been 
cleaned up. With cows milked more than 
twice a day, part of the daily allowance 
of grain mixture is usually fed before 
each milking and the hay and silage only 
at morning and night. If one wished to 
have the cows eat the maximum amount 
of hay, the hay consumption can be in- 
creased somewhat by supplying fresh 
hay more than twice a day. 

Hay and other dry forages should 
not be fed until after milking, as they are 
apt to fill the air with dust. Also, alfalfa 
hay may produce a marked flavor in 
milk if fed less than 4 hours before 
milking. 

The particular order of supplying 
the various feeds is not important, but 
the same order should be followed from 
day to day and the cows should be fed 
and milked at regular times. A lack of 
regularity is apt to decrease the yield of 
milk and fat somewhat. 

Some dairymen put the grain mix- 
ture on top of the silage in the manger, 
and this is a good plan if one is feeding 
i ill r' a liberal allowance of a heavy mixture, 

! i , ; containing no bulky feeds. Cows which 

are accustomed to getting their grain 
before milking may tend to be restless 
, and “hold up” their milk if the grain is 

not fed until after milking, but it will not 
j d take them long to get used to the change. 


It is sometimes advocated tl^tdairy ’ jsjfj 
cows be fed only once a day, so as to 
save labor. 43 However, in a trial of this 
method by the United States Department 
of Agriculture, cows fed/twice a day ate 
10 per cent more alfalfa hay, produced 
6 per cent more milk, and gave a greater 
net return over cost of feed and labor, 
than when fed only once a day. 44 

1093. Milking. — Extensive recent 
investigations have proved the great im- 
portance of proper milking of dairy cows. 

In particular, these * studies have shown' 
that rapid milking not only .saves much 
time, but also reduces the trouble from 
mastitis and even tends tp increase the 
yield. This is due to the following in- 
teresting facts; 45 . 

As has been pointed out in Chapter 
X, the secretion of milk is a continuous 
process and most of the milk secured at 
each milking is present in the udder 
when milking starts. However, only a 
small part is in the milk cistern and the 
large ducts. Most of it is held in the mil- 
lions of tiny alveoli and in the small 
ducts. These are so small (each alveolus 
holding only a fraction of a drop) that 
the milk is held firmly by capillary ac- 
tion. It cannot be removed by the suc- 
tion of machine milking or by the pres- 
sure of hand milking. 

However, if the proper stimulus oc- 
curs, the cow “lets down” her milk. This 
is not a voluntary action on the part of 
the cow, but a reflex or automatic one 
caused by a hormone which is secreted 
by the pituitary gland at the base of the 
brain. 

When the proper stimulus takes 
place, nerve messages are carried to the 
cow's brain, causing the hormone, called 
oxytocin, to be ejected into the blood. 

It' is then carried to the tissues of the 
udder where it causes muscular fibers 
surrounding the alveoli and small ducts 
to contract. This squeezes the milk into 
the larger ducts and the milk cistern, and 
we say the cow has “let down” her milk. 

The effect of the hormone lasts only 
a few minutes. Therefore the largest 
yield of milk is secured when the cow is 
milked rapidly, before the smaller mus- 
cular fibers relax. 
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f Yf\he cow becomes excited or fright- the water. The udder of a cow should 


ened, another hormone called adrenalin, 
which is produced by the adrenal glands, 
has the opposite effect. It interferes with 
the oxytocin. Then we say that the cow 
has “held up” Tier milk, because the 
milker can get only the small amount 


not be washed more than 1 to 3 minutes 
before milking is to start, for it takes 
even less time than this for the action of 
oxytocin to cause the “let down” of the 
milk. If the start of milking is delayed 
too long, the effect of the oxytocin may 


Steps in Efficient Machine Milking 


Upper left: Stimulate the cow to let down her milk by washing her udder with warm 
chlorine water one minute before putting on the machine. 

Upper right: Check each quarter for mastitis by using a strip cup. 

Lower left: Put on the teat cups about one minute after preparation. 

Lower right: Strip the cow by machine. When the teat cups start to crawl up on the 
udder, they should be pulled part way down, using the free hand to massage the udder. 
Short-tube machines may not need this downward pull. (From New York State College of 
Agriculture, Cornell University.) 


already present in the milk cistern and 
large ducts. 

Cows usually like to be milked, and 
anything which is commonly associated 
with the milking process may cause them 
to “let down” their milk. Thus, cleaning 
the udder with a cloth or paper towel 
wet with warm water is an effective way 
of providing the stimulus. For sanitary 
reasons chlorine or a quaternary am- 
monium compound should be added to 


not last, and the cow may “hold up” her 
milk. If some cows tend to “let down” 
their milk as soon as milking starts 
in the barn, they should be milked 
first. 

These recent studies provide an in- 
teresting explanation for the well-known 
fact that regularity in feeding and stable 
management is necessary to secure the 
largest yields from good cows. Also, the 
kind milker who gains the confidence of 
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cows secures more milk from them than 
a rough or indifferent person. 

Incomplete milking tends to reduce 
the milk yield, 46 and it may increase 
trouble from mastitis in cows whose ud- 
ders are infected with the disease. How- 
ever, it must be remembered that milk 
secretion is a continuous process. There- 
fore a cow can never be milked “bone 
dry.” 

1094. Machine milking. — Because 
of the saving of labor and also the diffi- 
culty of securing good hand milkers, 
milking machines have come into com- 
mon use on our larger dairy farms. Ex- 
tensive trials by the experiment stations 
show that satisfactory results, both in 
yield and quality of milk, are secured 
when good milking machines are handled 
by careful operators, who use proper 
methods of milking and who thoroughly 
cleanse and sterilize the equipment. 
When the newer method of rapid ma- 
chine milking is properly used, the 
production is equal to good hand milk- 
ing, and the trouble from mastitis is 
no greater. 47 On the other hand, with 
the older method of machine milking in 
which it often took 9 to 10 minutes per 
cow, the production tended to be less 
than from first-class hand milking and 
trouble from mastitis was greater. 

To secure the best results by ma- 
chine milking, certain rules must be care- 
fully followed: 48 (1) The cow should be 
stimulated to let down her milk by wash- 
ing her udder with warm water 1 to 3 
minutes before putting on the machine. 
(2) The machine should be operated 
according to the manufacturer's direc- 
tions. Increasing the vacuum or altering 
the rate of pulsation may make milking 
unpleasant for the cow. (3) The cows 
should be stripped by machine. When 
the teat cups start to crawl up on the 
soft tissues, they should be pulled part 
way down, using the free hand to mas- 
sage the udder. Pulling the teat cups 
down prevents a pinching action which 
would shut off the milk ducts leading 
into the teats, and thus cause incomplete 
milking. (4) Do not leave the machine 
on the cow after milk stops flowing. 


Leaving it on longer may congest ’ the ' " 
delicate tissues and lead to mastitis. 

If this routine is followed, most cows 
will milk out sufficiently clean in 3 to 
4 minutes without any /hand stripping, 
except perhaps a few squeezes on each 
teat to see if the quarter has been milked 
clean. 

In cost accounting studies on dairy 
farms the amount of total man labor per.i 
cow a year has usually been 18 to 31 
hours less per year in herds where milk- f ; 
ing machines were used than where the 
cows were milked by* hand. 49 The time 
needed for milking can be reduced still 
more by the use of* a modem milking 
parlor. • 

Care must be taken not to spread 
mastitis by the use of a milking machine. 
The teat cups should be rinsed and then 
dipped in a chlorine solution before 
being placed on the next cow. Cows 
having mastitis should always be milked 
last. 

1095. Hand milking. — The same 
method of stimulating the f:ow to let 
down her milk should be followed in 
hand milking as in machine milking. She 
should then be milked as rapidly as 
possible. 

It is always desirable to have the 
same man milk each cow at every milk- 
ing, but a change will not usually affect 
the yield of milk appreciably, if the new 
man is as good a milker as the former 
one. 50 Regularity in the time of milking 
is highly desirable, especially in the case 
of high-producing cows. However, cows 
of average production can apparently be 
milked with occasional irregularity with- 
out any appreciable decline in yield, 
provided they are fed regularly. 

In milking cows thoroughly so as 
to get all the strippings, the best milkers 
generally manipulate the udder to some 
extent toward the end of milking. An 
upward pressure on each quarter for a 
few times when milking is nearly com- 
pleted helps to bring the last milk into 
the teats, where it can be drawn. More 
elaborate methods of massaging and 
manipulating the udder are not neces- 
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^ 1^96. Regularity and kindness. — 
Regularity and kindness are even more 
important' with dairy cows than with 
other farm animals. The highest-yielding 
cows are usually of nervous tempera- 
ment, and especially with such animals, 
excitement often causes a sharp decrease 
in yield. Cows being driven should not 
be hurried, and attendants should never 
strike or otherwise abuse them. 

Good dairymen now realize the fact 
brought to public attention by W. D. 
Hoard of Wisconsin that dairying is 
based on the maternity of the cow, 
and treat their animals accordingly. As 
Haecker wrote: ‘If you so handle the 
cows that they are fond of you, you have 
learned one . of the most important les- 
sons that lead to profitable dairying. 

. . . A cow's affection for the calf 
prompts the desire to give it milk; if you 
gain her affection she will desire to give 
you milk.” 52 

V. The Cost of Milk Production 

1097. ^Determining the cost of milk 
production. — Many investigations have 
been conducted by the experiment sta- 
tions to find the cost of milk production 
in the various states. These studies have 
not only furnished much information on 
this important subject, but have also 
shown how a farmer can reduce his own 
costs and increase his net returns, or even 
convert a loss into a profit. 

In determining the cost of milk 
production the expenses are commonly 
grouped as follows: 

( 1 ) The combined cost of feed and 
bedding is by far the largest single item 
of expense, generally forming from one- 
half to two-thirds of the total cost. This 
expense will vary widely, depending on 
the prices of feeds, the average produc- 
tion of the herd, and the economy of the 
rations used. 

(2) Next in importance is the cost 
of man labor in milking and feeding the 
cows, cleaning the stables, handling and 
hauling the milk, etc. This makes up at 
least one-fifth the total cost. Commonly, 
all the man labor is figured at the current 
rate for farm labor. Then an item is some- 


times added to cover managerial ability 
and business risks, a common estimate 
for this being 10 per cent of the other 
total costs. 

In addition to these two main ex- 
penses, the following must be included: 

(3) The building charge, which includes 
interest, insurance, depreciation, and re- 
pairs on the part of the barn occupied 
by the cows and by storage for their feed; 

(4) the equipment charge, which covers 
cost of milk utensils or machinery, tools, 
etc.; (5) the cow charge, which covers 
depreciation, interest, taxes, and mortal- 
ity risk on the cows; (6) the pro-rata 
cost of keeping the sire or the cost of 
breeding service; and (7) miscellaneous 
expenses, including cash paid for hauling 
milk, horse and tractor labor, cost of 
supplies, veterinary services, cow-testing 
association fees, etc. 

The depreciation charge is a larger 
item than often believed, because the 
average useful life of dairy cows in the 
herd after they first calve has been found 
to be only 4 to 5 years. 53 While many 
cows have a much longer useful life, the 
cows are replaced within this period, on 
the average, because of low milk yield, 
failure to breed, injury, or disease. 

Where most of the replacements 
are purchased instead of being raised on 
the farm, the productive life of the cows 
in the herd is usually much shorter. For 
example, in a study of Connecticut dairy 
herd improvement association herds, it 
was found the average productive life of 
the cows in herds where the replace- 
ments were purchased was only 2.6 
years, while it was 5 years in herds 
where the replacement heifers were 
raised on the farm. 54 

The annual depreciation may be esti- 
mated by computing the difference be- 
tween the cost or value of the cow when 
she first calves or is purchased and the 
price she will bring when discarded, and 
dividing this difference by her number 
of years of production in the herd. For 
example, if a cow is worth $200 when 
she first calves, then has a useful life of 
5 years, and finally brings $110 when 
sold for beef, the annual depreciation 
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will be one-fifth of $90, or $18. The mor- 
tality risk is not large, when the health 
of the herd is properly safeguarded, 
being only about 1.5 per cent a year. 

From the total gross cost of keep- 
ing the cows there must be deducted the 
value of the manure and the value of 
the calves at a few days of age. The 
value of the calves will of course vary 
widely, depending on their breeding. In 
studies of the cost of milk production 
where some of the herds include pure- 
bred cows, these are usually valued at 
the price of grades of similar productive 
capacity, and the calves credited at veal 
or grade prices. This is done so as to 
differentiate between the financial re- 
turns from producing milk and from 
breeding purebred cattle. 

1098. Annual cost of keeping cows, 
— Many studies have been made of the 
cost of milk production on dairy farms. 
The method by which the cost is de- 
termined is shown in one of the most 
recent studies, on 113 farms in dairy dis- 
tricts of west-central New York for 1953- 
54. 55 On these farms the average milk pro- 
duction per cow was 8,439 lbs. of milk 
and 312 lbs. of fat. The feed consump- 
tion per cow for the year averaged: 
Home-grown grain, 1,946 lbs.; purchased 
concentrates, 1,036 lbs.; hay, 2.4 tons; 
silage, 5.3 tons; and pasture during the 
season. 

The costs per cow were: Feed, 
$207.04; labor, $101.72; building charge, 
$15.11; equipment charge, $9.06; depre- 
ciation on cow, $16.16; interest on value 
of cow, $10.82; breeding cost, $6.00; 
bedding, $10.21; milk hauling, $17.87; 
and miscellaneous, $15.45; making the 
total gross cost per cow $409.44. 

From this was deducted a credit of 
$11.38 for calves and of $10.50 for the 
value of the manure. This made the net 
cost $387.56 per cow, or the net cost 
per 100 lbs. of milk $4.59. 

The following table shows the aver- < 
age milk yield per cow and the amounts ] 
of feed and labor required in studies in < 
other dairy districts. 56 ( 

It will be noted that the annual milk l 
production per cow in these studies was c 


decidedly higher than the average yield 
in this country. 

Feed and labor required by dairy cows 


Mich- Ilii- North Wash- 

igan nois Carolina ington 4 

Av. yield per cow 

Milk, lbs. . . . 8,186 8,328 6,318 
Fat, lbs 303 302 275 

Feed and bedding 
Concentrates, 

lbs 2,840 2,352 2,961 

Hay, lbs 4,343 2,552 3,051 

Other dry 

roughage, lbs.., 503 311* 480 

Succulent 

feeds, lbs. . . 5,078 7,048 4,497 
Pasture, days 149 .160 ° 

Bedding, lbs. * * 880 * 

Labor 

Man, hrs. . . . 132 118 184 

0 Amount not stated. 


2,961 2,060 
3,051 5,400 


1099. Formulas for estimating cost 
of milk production. — Various simple for- 
mulas are sometimes used for estimating 
the cost of milk production. In these for- 
mulas all the costs are reduced to terms 
of feed and labor. Therefore, by taking 
the current prices for feeds and for labor; 
a more or less approximate estimate of 
the cost of producing milk can readily 
be made at any time. In using these items 
as a basis for calculating the cost of pro- 
ducing milk, it is assumed that as the 
prices of feeds and labor rise or fall the 
other items of expense and the credit 
items will change accordingly. 

The way in which such a formula is 
used is illustrated by a recent formula 
for estimating the cost of producing milk 
in the market-milk districts supplying 
the^ New York metropolitan area. 57 This 
legion covers most of New York State 
and extends into adjoining states. 

According to this formula, the cost 
of producing 100 lbs. of milk in this 
region may be estimated by first totalling 
the cost of 33 lbs, of concentrates, in- 
eluding home-grown grain; 71 lbs. of 
hay and other dry roughage; 128 lbs. of 
silage; 2.3 days of pasture; and 2.5 hours 
of man labor. This total represents about 
80 to 85 per cent of the total net cost, 
depending on the price level of feeds 
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* in relation to other costs. Therefore it 
must be increased accordingly to find the 
estimated total net cost of producing 100 
lbs. of milk. 

To illustrate the use of the formula, 
let us assume that the cost of a good con- 
centrate mixture, including some home- 
grown grain, is $65 a ton; of hay, $20 a 
ton; of silage, $8 a ton; of pasture, 7 
cents per cow a day; and of farm labor, 
65 cents per hour, including board. At 
these prices, the total cost of feed and 
labor according to the formula will be 
$4.08 per 100 lbs. of milk. If this is 85 
per cent of the total net cost, the total 
cost is found by dividing $4.08 by 85 
and multiplying the quotient by 100. 
This will give us $4.80 as the estimated 
total yearly cost of 100 lbs. of milk at 
the prices stated for feed and labor. 

1100. Seasonal cost of production. 
— Every experienced dairyman knows 
that it costs much more to produce milk 
in winter than in summer when the cows 
are on pasture. This is because pasture 
is a cheap feed, and also because much 
less labor is required in producing each 
100 lbs. of milk when the herd is on 
pasture than under winter feeding con- 
ditions. The difference in cost between 
winter and summer is well shown in 
studies on the cost of milk production in 
5 New York counties. 58 Charging man 
labor at a uniform rate throughout the 
year, the cost of milk production was 82 
per cent greater from October through 
March than in the period from April 
through September. 

Since it costs less to produce milk 
in the summer, the natural tendency will 
be for dairymen to concentrate produc- 
tion in the more profitable months by 
having their cows freshen in the spring. 
Therefore in order to secure a steady 
supply of milk for city consumption, the 
price paid farmers in market milk dis- 
tricts must be enough higher in winter 
than in summer to offset the difference 
in cost of production. 

It has been shown in the previous 
chapter that the annual yield of milk is 
somewhat larger from cows calving in 
fall or early winter than from those 
freshening in the spring or summer. 


(1061) However, where milk is pro- 
duced for butter or other manufactured 
products in districts far from the metro- 
politan areas, summer dairying may be 
most profitable, because of the low cost 
of production on pasture. 

1101. Reducing the cost of milk 
production. — The studies of the cost of 
milk production have shown that the fol- 
lowing are the most important factors in 
reducing the cost: 

1. Large average yearly yield. It has 
been emphasized in the previous chapter 
that a large average yearly yield per cow 
is the most important factor affecting the 
cost of milk production. ( 997 ) To secure 
this, the dairyman must first of all have 
good cows and then cull his herd each 
year to get rid of unprofitable animals. 
(1005) Next, he must feed and care for 
these good cows so they are given full 
opportunity to yield a profitable amount 
of milk. 

2. Balanced rations. Cows of high 
productive capacity cannot produce a 
good yield unless they are fed adequate 
rations, properly-balanced in protein and 
supplying ample minerals and vitamins. 
It has been clearly shown in the studies 
of the cost of milk production on dairy 
farms that a lack of protein seriously re- 
duces the yield of milk and consequently 
the net returns. 

3. A liberal but not ivasteful amount 
of feed. A large yield of milk is impos- 
sible without a liberal supply of feed, 
as has been emphasized previously. How- 
ever, wasteful feeding of concentrates 
must be avoided at all times. Therefore 
the amounts fed to the individual cows 
should be strictly adjusted to their milk 
yields. 

When concentrates are very ex- 
pensive in comparison with roughage, it 
is most economical to feed less concen- 
trates than are needed to meet the recom- 
mendations of the feeding standards. It 
is then especially important that the 
roughage be of excellent quality and that 
it be fed with great liberality. (1029) 

4. Low-cost rations throughout the 
year. To keep the feed cost as low as 
possible and yet secure high production, 
good yields of crops of the best feeding 
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value must be raised. The cost of effi- most economically by raising properly 
cient rations during the barn-feeding sea- the heifer calves from the best cows in 
son can generally be kept at a minimum the herd, sired by a bred-for-productiorr 
by providing an abundance of legume purebred bull. In dairy districts where 
hay or of mixed hay high in legumes, the cost of feed is not unduly high, man^* 
along with good silage where silage is farmers reduce the cost of depreciation 
an economical feed. ( 1022 ) With such to a minimum by selling cows when they 
roughage it is not necessary to feed as are in their prime and will bring a good 
much concentrates to secure high pro- price, instead of waiting until they must 
duction, as when the roughage is poorer, be discarded as culls. They replace thesg| 
For economical summer feeding, it animals with good heifers which thdj 
is necessary to provide excellent pasture have raised. Careless dairymen n^H 
over just as long a period as is possible, sometimes raise just as many calves flR| 



Enough Cows Should Be Kept to Make an Economical Unit 

If dairy cows are to provide the main source of income on the farm, a sufficient number 
must be kept to make an economical unit. The exact number should depend on the local 
conditions. 

Enough concentrates must be fed in ad- replacement, but because of disease and 
dition to keep up milk production and poor management, never have any cows 
prevent the cows from running down in to sell except culls, 
condition. If pasture becomes scanty, it 6. A herd of sufficient size . If dairy 

must be supplemented by feeding silage, cows are to provide the main source of 
hay, or soiling crops. (1079) income on a farm, a sufficient number 

5. Maintaining herd health and must be kept to make an economical 
avoiding heavy depreciation. Unless great unit. If there are only a few cows in the 
care is taken to prevent disease and herd, the gross income will necessarily 
maintain the health of the herd, disease be small, labor will be employed less 
will destroy all possible profits. It is efficiently, and if a bull is kept, the bull 
especially important to avoid losses from cost per "cow will be greatly increased. 
Bang’s disease (infectious abortion) and 7. Efficiency in the use of labor . 

to handle the cows so that mastitis is re- Many dairymen do not fully realize the 
duced to a minimum. importance of efficiency in the use of 

The necessary replacements for the labor to reduce the cost of milk produc- 
milking herd can usually be provided tion. There is a great range in the num- 
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, ber of hours of labor spent in feeding 
; t‘ and caring for the cows on individual 
farms, even where the milk is of the 
same quality from the sanitary stand- 
point. To reduce the amount of labor 
the barn must be arranged conveniently 
and labor-saving equipment must be pro- 
vided, such as drinking bowls, grain cart, 
and silage cart. As has been pointed. out 
this chapter, the loose-housing method 
|Uj||res considerable labor. Also, labor is 
ffr^pisiderably reduced by the rapid milk- 
^ xng method and by the use of a milking 
parlor. In a large herd an automatic barn 
cleaner saves enough hard labor to be a 
good investment. 

Considerable time can be saved by 
efficient planning of the daily routine and 
convenient location of tools and sup- 
plies. The great saving of labor that can 
often be made is shown by the results 
secured by a New England dairyman 
who was already an efficient farmer. 59 
This is evident from the fact that he 
alone did all the work on his 150-acre 
farm and cared for his herd of 22 cows, 
except for i an extra man for about a 
month a year. By rearrangement of the 
stable, providing labor-saving but inex- 
pensive equipment, better location of 
tools and supplies, and improvement in 
the work routine, the time spent on 
chores was reduced from an average of 
5 hours 44 minutes a day to only 3 hours 
39 minutes. The daily travel in doing 
the chores was cut from 3.25 to 1.25 
miles a day. These savings would mean 
in a year more than 2 months of time 
and 730 miles of walking. 

VI. Feeding and Caring for 
Cows on Official Test 

1102. Cows on official test. — The 
feeding and management of cows fed for 
maximum production on official test is 
fully as much an art as a science. The 
completion of a notable record depends 
largely upon the intelligent feeding and 
painstaking care of an expert herdsman. 
The rations and methods used by lead- 
ing breeders differ widely. In fact, nearly 
every champion cow has received a some- 
what different ration from other record- 
breaking cows. This indicates that there 


are no secret formulas or methods of 
management which are outstanding in 
their superiority over all others. 

The following brief summary on the 
feeding and care of test cows is presented 
with the hope that it may be helpful to 
those who have not had experience in 
this field. 60 

1103. Fitting cows for official test. — 
The highest production of which a cow is 
capable can be secured only when she is 
well fitted, or fattened, before she freshens. 
When a cow calves in high condition, her 
production of milk and fat is considerably 
increased during the early part of her lacta- 
tion, because she can draw on the store of 
fat in her body. (1062) Also, in the case of 
cows of the lower-testing breeds, the richness 
of the milk is generally raised to a marked 
extent during the first few weeks of lacta- 
tion. 

A cow that is to be run on official test 
should be completely dry about 60 days 
before she is due to freshen. A longer dry 
period is not necessary for proper fitting. If 
the cow is not in fair flesh during the latter 
part of the lactation period, she should be 
fed a little more liberally than if she were 
not to be tested the next lactation. Then 
she can be gotten into the desired condition 
in a 60-day dry period. 

During the dry period the same con- 
centrate mixture, or so-called “fitting ration,” 
may be used in fitting cows for official 
test that is fed to the other dry cows in the 
herd. (1082) The amount to be fed will 
depend entirely on the condition of the in- 
dividual cow. It should not be necessary 
to feed more than about 12 lbs. of concen- 
trates daily. Extremely heavy feeding dining 
the dry period is not economical, and may 
result in the cow having a poor appetite at 
the start of the test period. 

It is a good plan to feed during the dry 
period the same roughages that will be used 
when the cow is on test, A liberal amount of 
well-cured legume hay or of mixed hay 
rich in legumes should be fed, so there will 
be a plentiful supply of carotene and vita- 
min D. Corn or sorghum silage is also ex- 
cellent at this time. 

1104. Feed and care before and after 
calving. — When the cow is to be kept in a 
box stall during the test period, she should 
be put in it a few weeks in advance of 
calving, so she will become used to her 
surroundings. The cow should be in the 
proper condition for freshening about 2 
weeks before calving, because it may be 
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necessary to reduce the concentrate allow- 
ance considerably to prevent extreme con- 
gestion of the udder. 

Some congestion is normal with cows 
of high productive capacity that are well 
fitted. However, the udder must not be 
allowed to become caked and hard. If this 
occurs, the cow must be fed scantily for a 
time after she freshens. This will result in 
her using up her body reserve of fat very 
rapidly. Rubbing the udder twice daily with 
a mixture of one-half cod-liver oil and one- 
half ethyl alcohol will do much to prevent 
undue congestion and to keep the udder soft. 

Many breeders discontinue feeding the 
regular fitting concentrate mixture 10 days 
to 2 weeks before calving and give instead 
a "cooling ration.” However, no change in 
the mixture is necessary if the cow is not 
constipated. It is essential that her bowels 
be in a laxative condition before calving. A 
warm bran mash is an excellent mild laxa- 
tive. If necessary, the cow should be given 
a dose of mineral oil or Epsom salts. 

Those who prefer to use a special “cool- 
ing ration” before calving feed such a mix- 
ture as 2 parts wheat bran, 2 parts ground 
oats, and 1 part linseed meal. For a day or 
so before calving, some breeders even feed 
no concentrates except a bran mash, or a 
warm mash made of equal parts of bran and 
whole oats. 

The care of a test cow at calving time 
is little different from that for any" other 
cow. (1084) The danger from milk fever is 
greater, however, and preventive measures 
should be taken at the first signs of its 
appearance. The calf should be removed 
after it has had one feeding. 

1105. Getting the test cow on feed. — 
The cow must be gotten on feed as quickly 
as possible, but extreme care must be used 
not to force her too fast. For several days 
after calving she should be fed the same 
“fitting ration” that has been used during 
the dry period. For the first 24 hours, only 
about 1 lb. of the mixture should be given 
at each feeding. This may be sprinkled over 
an allowance of soaked beet pulp. 

The amount to be fed after this will 
depend on the condition of the udder and 
upon the cow's appetite. If the cow is doing 
well, 6 to 8 lbs. a day of the fitting ration 
may be fed during the second to the fifth 
day. On the other hand, if the udder is 
badly congested, but little of the fitting 
ration can be fed until the congestion is over. 

After the fifth day, if the cow has a 
good appetite and her udder is in satis- 
factory condition, the allowance should be 


gradually increased by adding a small 
amount of the mixture which is to be fed 
throughout the lactation period ( the so- 
called “test ration”). A good plan is to in- 
crease the amount at the rate of 0.1 lb. 
per feed until full feed is reached. When 
the cow is on full feed, the fitting ration 
is then gradually replaced by the test ration. 

At the first sign of a dull appetite, no 
further increase should be made until the 
cow seems ready to handle more feed. Con- 
centrates should never be left before a cow, 
hoping she will eat the rest. If she needs the 
feed, she will eat it 'at once. In case the cow 
does not show' an eager appetite, most 
experienced herdsmen - reduce the concen- 
trates for one or two feeds to allow her to 
become hungry. 

Only a good herdsman can decide when 
a cow is actually on full feed. The object 
should be always to feed no more concen- 
trates than are needed for maximum produc- 
tion. Forced feeding is a foolish practice. 
By crowding them on rich feeds beyond 
the safety point in an attempt to secure a 
little higher production, many valuable ani- 
mals have unfortunately been ruined. They 
have failed to breed afterwards, their udders 
have been spoiled, or their digestive systems 
have been injured. 

The upper limit of concentrates should 
be about 25 lbs. per head daily, not includ- 
ing soaked beet pulp which is often fed in 
addition, as is mentioned later. It is best not 
to feed first-calf heifers more than 15 lbs. 
per head daily of the concentrate mixture. 

1106. Necessity of liberal feeding. — 
When maximum yields are desired, cows 
on test must be fed greater amounts of 
nutrients .than are recommended in the feed- 
ing standards. This was well shown in ex- 
periments by Woodward of the United States 
Department of Agriculture, who compared 
the records of cows on official test with their 
records made under the usual system of 
feeding and care for cows not on test 61 

When on official test the cows were full 
fed on concentrates, with a large quantity 
of alfalfa hay, a small amount of silage, and 
soaked beet pulp in addition. They were 
milked 3 times a day, were kept in box 
stalls, and were bred to freshen about 15 
months from the previous date of calving. 
Because of the liberality of feeding and the 
other conditions favorable for a maximum 
yield, the cows yielded approximately 50 per 
cent more milk than during other lactation 
periods when they were fed according to 
usual good dairy practice. 

When not on test, the cows received 
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the pasture more than an hour the first day, 
for too large an amount of the green feed 
will be unduly laxative. The feeding of hay 
should be continued throughout the pasture 
season, to avoid an over-laxative condition. 

Test cows are generally fed concentrates 
as many times a day as they are milked. 
When soaked beet pulp is fed, it seems to 
make the concentrate mixture a trifle more 
palatable if it is mixed with the beet pulp. 

1108. General pointers. — It is advisable 
to have cows freshen in the fall when they 
are to be tested, for their yield of milk will 
be appreciably greater than if they freshen 
at another period. Also, the percentage of fat 
for the year will be slightly higher. ( 1061 ) 

For, maximum records, Holstein cows 
are usually milked 4 times a day and other 
cows at least 3 times. (1058) Box stalls 
should be provided when maximum records 
are desired, for this slightly increases the 
yield. (1088) 

When the weather is good, test cows 
should be turned out for exercise in winter 
for an hour to a half hour a day, depending 
on the temperature. This aids in keeping 
them healthy and in developing a keen appe- 
tite. Also, it keeps their legs in condition 
and prevents their hoofs from growing too 
long. 

At all times the cows should have com- 
fortable quarters and regular care and atten- 
tion, always by the same herdsman, if possi- 
ble. The stable should be kept free from 
flies during the summer. It must always be 
borne in mind that only when a test cow is 
comfortable, contented, and in the best of 
health will she respond with continued pro- 
duction of the maximum yield of which she 
is capable. 

There is much difference of opinion as 
to whether or not the useful life of a dairy 
cow is shortened by feeding her all the con- 
centrates she will consume, in an effort to 
secure maximum production. Without much 
question, many cows have been injured and 
their future usefulness even destroyed by in- 
judicious crowding when on test. On the 
other hand, by following such methods as 
have previously been described, experienced 
herdsmen are usually able to feed cows so 
as to secure very high records of production 
without apparent injury. 


QUESTIONS 


1. State 10 essentials in the proper feeding 
__ and care of dairy cows. 

* of 


3. Discuss the importance of the following 

for dairy cows: (a) Palatability of 
feeds; (b) variety in the concentrate 
mixture; (c) bulkiness of the concen- 
trate mixture; (d) rations that are 
slightly laxative; ( e ) an abundance of 
good roughage; good hay; (f) succu- 
lent feeds. 

4. Why is good pasture necessary for 

cost milk production? 

5. What are the best dairy pastures in 

region? 

6. Discuss: (a) Supplementing short 

ture; ( b ) feeding concentrates to 
on pasture. 

7. Why is it important that cows have a dry 

period? . 

8. How would you dry off a persistent pro- 

ducer? 

9. Discuss the feeding of cows during the 

dry period. 

10. What is the approximate gestation pe- 

riod for dairy cows? 

11. Discuss the feed and care of a cow at 

calving time; after calving. 

12. What is the cause of milk fever and the 

usual method of treatment? 

13. Describe one method recommended for 

preventing milk fever. 

14. What is the cause of ketojjpP State two 

methods of treatment. 

15. Discuss the requirements of dairy cows 

for shelter and comfort. 

16. What are the advantages and disadvan- 

tages of the loose-housing method? 

17. Discuss fly control on the dairy farm, 

18. Why is exercise important for dairy 

cows? 

19. Discuss the frequency and order of feed- 

ing dairy cows. 

20. Discuss the importance of proper milk- 

ing, explaining how cows "let down” 
and “hold up”" their milk. 

21. State 4 important rules for machine milk- 

ing. 

22. Discuss the various items of cost in pro- 

ducing milk, stating the 7 classifica- 
tions into which the expenses are com- 
monly grouped. 

23. Estimate the approximate cost of pro- 

ducing milk in your locality according 
to a formula, and using local prices for 
feeds and for man labor. 

24. Discuss the effect of season of year on 

cost of milk production. 

25. State 7 important factors in reducing the 

cost of milk production. 

26. In what respects do the feeding and care 

of cows on official test differ from the 
: used for economical 
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CHAPTER XXVII 

RAISING DAIRY CATTLE 


I. Nutrients Required for 
; Growth of Dairy 

'vl Cattle 

1109, Importance of proper raising 
of well-bred heifers. — It has been em- 
phasized previously that to secure a good 
net income from dairying, the first neces- 
sity is a herd of high-producing cows. 
The most certain method of developing 
a high-yielding herd is by replacing the 
poor producers with well-bred, home- 
r “sed heifers of greater productive ca- 
pacity. 

Such heifers should be from the best 
cows in the herd; they should be sired 
by a purebred bull which has been 
selected for ability to transmit high pro- 
duction; and they must be so raised that 
they will have a large capacity for con- 
verting feed into milk. Even when well 
fed, many cows are unable to develop 
their full inherited capacity for milk pro- 
duction, because they were stunted dur- 
ing growth by a lack of feed or by nu- 
tritive deficiencies. 

The dairyman who follows the plan 
of purchasing his replacements, /will often 
be badly disappointed, even ; Jf , he is 
careful to buy only heifers or cows whose 
appearance is promising. The farmer 
from whom he buys will naturally desire 
to retain for his own herd the heifers out 
of his very best cows. In addition to the 
difficulty of buying animals that will 
prove profitable, there is also much more 
danger of introducing disease when re- 
placements are purchased. 

1110. Nutrient requirements.: — Be- 
fore discussing the various rations suit- 
able for raising dairy cattle, we should 
have clearly in mind the nutrient re- 
quirements for growth, which have been 
considered in Chapter IX. In raising 
dairy cattle especial attention must be 
given to providing: (1) Plenty of pro- 


tein; (2) protein of satisfactory quality; 
(3) enough total digestible nutrients to 
permit normal growth; (4) sufficient 
minerals, especially calcium, phosphorus, 
and common salt; and (5) liberal 
amounts of vitamins. These requirements 
are discussed in detail on the following 
pages. 1 

In the Morrison feeding standards, 
given in Appendix Table III, recommen- 
dations are made concerning the amounts 
of dry matter, digestible protein, total 
digestible nutrients, calcium, phospho- 
rus and carotene that should be supplied 
young dairy cattle at various stages of 
growth. These recommendations are 
based on the results of the experiments 
that have been conducted, especially by 
American experiment stations, to deter- 
mine the requirements for the normal de- 
velopment of young dairy cattle. 

At birth, a calf is actually not a 
ruminant, for the rumen has developed 
but little. Its needs for protein of high 
quality and for B-complex vitamins are 
therefore similar to those of pigs or 
chicks. These requirements are amply 
met when the calf is fed a normal 
amount of milk for at least 6 to 9 weeks 
and is supplied with good roughage. By 
that time the rumen will have developed 
sufficiently so that the calf has become a 
real ruminant. 2 Then ample supplies of 
the B-complex vitamins are synthesized 
in the fermentations that take place in 
the rumen, and also the quality of pro- 
tein is of much less importance, if ample 
good roughage is fed. (209, 112) 

When calves are weaned at only a 
few days of age and are fed a milk re- 
placer, instead of milk, high-quality pro- 
tein and B-complex vitamins must be 
provided in the replacer. (1142) The 
rumen develops more rapidly in calves 
if they are supplied with plenty of suit- 
able hay as soon as they will eat it. 3 In 
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some cases calves are ruminating at 2 
to 3 weeks of age. 

1111. Amount of protein required. 
— Like other young animals, calves need 
a relatively large proportion of protein 
in their rations to provide for the rapid 
growth of their protein tissues. The pro- 
portion of protein required becomes less 
as the animal grows older, because less 
of the gain then consists of protein. 
(259) 

But little experimental information 
is available concerning the minimum 
amounts of protein needed by dairy 
calves up to the age of 4 months. Even 
for older animals the data are not very 
extensive. The recommendations in the 
Morrison standards are based on a study 
of the available information, including 
recent New York experiments and New 
Hampshire and English investigations. 4 

1112. Quality of protein. — The kind 
or quality of protein in the ration is un- 
doubtedly important for very young 
calves, because the paunch, or rumen, 
has not yet developed much. (112) How- 
ever, during this period calves usually 
receive sufficient milk to insure an ample 
supply of good-quality protein. 

By the time a calf is 3 or 4 weeks 
of age, it is eating some hay and the 
rumen has developed enough for the 
bacterial action to occur, which is char- 
acteristic of digestion in ruminants. The 
quality of protein in the ration then be- 
comes of much less importance, as has 
been pointed out in Chapter V. 

When calves are fed a reasonable 
amount of whole milk or skimmilk until 
they are 4 or 5 months of age, no special 
attention need be paid to the quality of 
protein furnished by the rest of the ra- 
tion. As is shown later, an excellent ra- 
tion for calves after 3 to 4 weeks of age 
is merely skimmilk plus cereal grain and 
good legume hay. 

When milk feeding is discontinued 
at 6 to 9 weeks of age, as in the “calf 
starter” method which is discussed later, 
the quality of protein in the calf starter 
is of importance until the calves are 3 
or 4 months old. However, good results 
are secured with calf starters which con- 
tain no animal protein, but in which a 


considerable part of the protein is sup- ' 
plied by soybean oil meal, a feed that 
also furnishes protein of high quality. 
(1141) •' 

If calves are weaned at only a few 
days of age and fed a milk replacer, the 
quality of protein is very important. 5 
(1142) 

1113. Total digestible nutrients. — * 
Since the rumen of a young calf is 
yet well developed, it must be fed chialfe fpl 
on milk or on concentrates high 
gestible nutrients and low in fiber. ' 

the calf grows older, it can utilize more 
and more roughage; until after 10 months 
of age the ration mafy* even consist en- 
tirely of roughage, If it is of excellent 
quality. 

The amounts of total digestible nu- 
trients advised in the revised Morrison 
feeding standards for young dairy cattle 
at various stages of growth are based on 
investigations conducted at several ex- 
periment stations, especially recent Ver- 
mont experiments and studies at the Min- 
nesota, Missouri, and New Hampshire 
Stations. 6 It will be noted that the 
amount of total digestible nutrients re- 
quired per head daily increases gradually 
from 1.8 to 2.2 lbs. at 100 lbs. live 
weight up to 10.0 to 12.0 lbs. at 1,000 
lbs. live weight. 

1114. Fat — Recent experiments 
have proved that young calves need a 
certain amount of fat. in their diet. 7 
Calves fed a fat-free synthetic ration from 
a few ,days of age could not grow and 
finally died. They showed various symp- 
toms of fat deficiency — rough hair coat, 
partial loss of hair, leg-weakness, muscu- 
lar twitches, diarrhea, and emaciation. 

Only 1 to 2 per cent of a suitable fat 
prevented the trouble. The deficiency 
was not a lack of an essential fatty acid, 
for it was prevented by adding a hydro- 
genated fat, in which the unsaturated 
fats had all been changed to saturated 
fats. ( 133 ) 

This need for fat is fully met when 
calves are fed whole milk for 6 to 9 
weeks in the usual calf-starter method. 
However, it must be borne in mind in 
making up a milk replacer for very young 
calves, or when whole milk is replaced 



RAISING DAIRY CATTLE 


by skimmilk or reconstituted skimmilk 
at too early an age. 

1115. Minerals. — If growing dairy 
cattle are fed rations that are otherwise 
satisfactory, there will commonly be no 
deficiency of any mineral except common 
salt . As soon as calves begin to eat con- 
centrates, salt should be provided where 
they can take what they wish. Under 

' '^rtain conditions there may also be a 
.,'^Afidency of phosphorus or of calcium, 
is pointed out in the following article. 

Iodine is furnished in ample amounts 
by the ordinary rations, fed growing cat- 
tle in most districts. If any calves at birth 
show evidence of goiter, or “big neck,” 
this should be prevented in the future 
by the use of iodized salt or some other 
iodine supplement, as shown in Chapter 
VI. (170) In an area where there is a 
deficiency of cobalt or one of the other 
trace minerals, the lack should be cor- 
rected as shown in Chapter VI. In other 
regions there is no benefit from using a 
trace-mineral supplement. 8 

If calves are raised too largely on 
milk, without much roughage, anemia 
may develop because of the deficiency 
of iron and copper. 9 (174) This may 
be prevented by providing the small 
amounts of these minerals needed. 

1116. Calcium and phosphorus. — 
If calves are fed a normal amount of 
whole milk or skimmilk, they will re- 
ceive an ample amount of both calcium 
and phosphorus. Calves and heifers will 
get an abundance of calcium when they 
are fed plenty of legmne hay or mixed 
hay high in legumes. Even when they 
get only non-legume roughage, such as 
grass hay or grass pasturage, there will 
generally be no lack of calcium, unless 
the soil on which the forage is raised is 
unusually low in calcium. 10 If there is 
any possibility of a deficiency, calcium 
can be provided cheaply by ground 
limestone or some other calcium supple- 
ment. (157) 

There will be no lack of phosphorus, 
after calves are weaned from milk, if 
they are fed 2 to 3 lbs. per head daily of 
a concentrate mixture containing 10 to 
20 per cent of such phosphorus-rich pro- 
tein supplements as wheat bran, wheat 
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middlings, linseed meal, or cottonseed 
meal. 

When growing cattle are fed only 
cereal grains and hay, with or without 
corn or sorghum silage, there may be a 
serious lack of phosphorus if the soil on 
which the roughage is grown is deficieni 
in this mineral. In such cases bone meal 
or some other safe phosphorus supple- 
ment should be provided, as advised in . f 

Chapter VI. (158) M 

The amounts of calcium and phos- ! 

phorus advised per head daily for young 
dairy cattle at various stages of growth 
are stated in Appendix Table III. These 
recommendations are based on recent in- 
vestigations at the Vermont Station and 
on Massachusetts, Michigan, Oregon, and 
West Virginia studies. 11 

It will be noted, for example, that 
allowances of 13 grams of calcium and 
12 grams of phosphorus are recom- 
mended per head daily for an 800-lb. 
growing animal. So long as sufficient cal- 
cium and phosphorus are provided, the 
proportion between the amounts of these 
minerals (the calcium-phosphorus ratio) 
can vary considerably for cattle, without 
producing any detrimental results. ( 152 ) 

1117. Vitamin A or carotene require- 
ments. — Dairy calves undoubtedly suffer 
more often from a lack of vitamin A than 
from a deficiency of any other vitamin. A 
serious lack of it will produce disaster 
even in animals 1 to 2 years old. 12 How- 
ever, the vitamin A needs are readily met 
when calves are raised according to one 
of the methods described later in this 
chapter. 

It has been pointed out previously 
that young animals are born with only a 
very small supply of vitamin A or caro- 
tene in their bodies. (270) They are 
therefore dependent chiefly on the 
amounts they receive in their food. For- 
tunately, the colostrum from properly fed 
cows is very much higher than normal 
milk in vitamin A value. Indeed, it may 
have 100 times as much as normal milk. 

The high vitamin A value of colostrum 
is one of the chief reasons why it is so 
important for calves to receive a normal 
amount of it after birth and for the first 
3 days. 
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Because normal whole milk from hay, there is no benefit from supplying a 

well-fed cows is rich in vitamin A value, vitamin A supplement when the feeding 

there will commonly be no lack of vita- of whole milk is discontinued at 30 days 

min A during the period when a calf is of age. 14 

fed the usual amount of whole milk. If a cow is milked a few days before 

However, in order to insure plenty of calving (prepartum milking) in an at- 

vitamin A and also to furnish other vita- tempt to reduce congestion of the udder, 

mins, it is important, as is emphasized the colostrum will be secreted mostly 

later, to supply excellent legume or mixed before she calves. 15 (1084) Unless the 

hay just as soon as the calf will eat any calf can be fed colostrum from another 

of it. (1133) cow or stored colostrum, a vitamin 


High-quality Hay Important for Calves 

To insure a plentiful supply of vitamins, it is essential that calves have excellent legume 
or mixed hay as soon as they will eat it. A “calf starter’Iis. also being fed this calf in the feed 
box. (From New York State College of Agriculture, Gornell University.) 

Though skimmilk is very low in vita- supplement should be added to the milk, 
min A value, there is usually no defi- Calves can use vitamin A much 

ciency of vitamin A when calves are more efficiently than they can carotene, 
changed entirely from whole milk to especially at an early age." In Connecticut 
skimmilk by 3 or 4 weeks of age, if care studies it required 5 or more times as 
is taken to let them have plenty of first- much carotene as of vitamin A to pre- 
rate hay. If whole milk is discontinued vent symptoms of vitamin A deficiency. 16 
even earlier, or if the hay is not of good However, providing plenty of carotene- 
quality, it is important to feed a vitamin rich hay as soon as they will eat it will 
A supplement, such as cod-liver oil con- meet their needs. Since feeds of plant 
centrate, or to use a calf starter or a milk origin supply carotene and not vitamin 
replacer that is reinforced with such a A, the vitamin A requirements of cattle 
vitamin supplement. 13 New Mexico ex- are commonly stated in terms of caro- 
periments show, however, that if calves tene. 

are fed plenty of good-quality legume * A special committee of the National 
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Research Council has recommended in 
its report on Recommended Nutrient Al- 
lowances for Dairy Cattle that growing 
daily cattle receive 4 milligrams of caro- 
tene (beta-carotene) daily per 100 lbs. 
live weight. 17 To insure an adequate 
supply under all conditions, the amount 
was placed fully twice as high as the 
k minimum that has been shown to be 
necessary to prevent symptoms of vita- 
min A deficiency under controlled ex- 
perimental conditions. 18 
6 *' Considerably more carotene is 
needed in winter than in summer, and 
the difference does not §eem to be due 
chiefly to the temperature. 19 Guernseys 
and Jerseys require slightly more caro- 
tene per 100 lbs, live weight than do 
Holsteins or Ayrshires. 

To secure thrifty calves that start 
out life , with a normal, though limited, 
supply of vitamin A, it is very important 
that the cows receive plenty of vitamin 
A value during pregnancy. As has been 
emphasized previously, the results are 
disastrous when cows are fed for long 
periods on rations seriously deficient in 
vitamin A. (564, 1042) Not only are the 
calves often born dead or very weak, but 
also the milk is so deficient in vitamin A 
that even calves from well-fed cows can- 
not be raised on it without a vitamin A 
supplement. 

Feeding a cow during pregnancy a 
ration having plenty of carotene con- 
siderably increases the vitamin. 'A* con- 
tent of the colostrum and lat^*jnilk. It 
also insures a normal supply of “ vitamin 
A in the body of the calf at birth. As 
shown previously, the store of vitamin A 
in the calf at birth and the amount of 
the vitamin in the colostrum can be in- 
creased still more by feeding a concen- 
trated vitamin A supplement to the cow 
for some weeks previous to calving, 
(270) 

1118. Vitamin D requirements. — 
Calves must have an ample supply of 
vitamin D, for a lack will cause serious 
trouble from rickets. 20 The symptoms of 
this nutritional disease have been de- 
scribed previously. ( 153 ) However, there 
will ordinarily be no lack of vitamin D. if 
care is taken to provide good-quality 


field-cured legume or mixed hay as soon 
as the calves will eat it. Since whole 
milk is not rich in this vitamin, even a 
liberal amount of it may not furnish 
enough to protect calves against rickets. 
Fortunately, calves will begin to eat hay 
at 2 or 3 weeks of age, and if then sup- 
plied with good hay, they will soon eat 
sufficient to furnish the needed amount 
of the vitamin. 

In Michigan experiments even 1 lb. 
of field-cured U.S. No. 1 alfalfa hay or 
2 lbs. of No. 2 timothy hay per head 
daily provided enough vitamin D to 
prevent rickets in calves, when it was 
the only source of the vitamin. 21 In 
Vermont experiments that have been 
mentioned previously, calves and heif- 
ers fed poor-quality, late-cut timothy hay 
as the only hay and not on pasture in 
summer showed no evidences of a vita- 
min D deficiency. ( 1047 ) Adding a vita- 
min A and D supplement to the ration 
with this poor hay increased the gains, 
but was of little benefit for other animals 
fed good hay. 

Since sunlight that has not passed 
through ordinary window glass has an 
anti-rachitic effect, exposure of calves to 
sufficient direct sunlight prevents rick- 
ets. (201) Winter sunlight in the north- 
ern states has much less anti-rachitic ef- 
fect than summer sunlight, and also 
young dairy calves are not generally 
turned outdoors at all in cold weather. 
However, if calves are supplied with 
plenty of good-quality sun-cured hay, 
they usually receive enough vitamin D, 
even if in the stable all the time and ex- 
posed only to sunlight that has passed 
through window glass. 22 In experiments 
by the United States Department of Ag- 
riculture, even barn-dried hay or wilted 
hay-crop silage prevented rickets in dairy 
calves not exposed to any sunlight. ( 204 ) 

If a very liberal amount of concen- 
trates is fed to calves, especially to those 
also getting milk, they may fail to eat 
enough hay to prevent rickets. 23 Also, 
sometimes calves that are making excel- 
lent growth develop mild cases of rick- 
ets, showing particularly the characteris- 
tic sag in the back, just behind the 
shoulders. Such animals are growing rap- 
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idly in skeleton, and therefore need espe- 
cially liberal amounts of vitamin D. 

To guard against a possible vitamin 
D deficiency, it is a good plan to include 
a suitable amount of a vitamin D supple- 
ment in calf starters used in the calf- 
starter method of raising calves, and 
also in milk replacers. (1141, 1142) 

The special committee of the Nation- 
al Research Council in the report on 
Recommended Nutrient Allowances for 
Dairy Cattle, which has been mentioned 
previously, recommends an allowance of 
400 International Units of vitamin D per 
100 lbs. live weight for dairy calves. 17 
This allowance evidently provides a con- 
siderable margin of safety, for experi- 
ments by the United States Department 
of Agriculture indicate that the mini- 
mum requirement of young dairy calves 
for vitamin D in the form of alfalfa hay 
is only 150 to 200 International Units 
per 100 lbs. live weight. 24 

1119. Other vitamins. — Generally, 
there is no deficiency of B-complex vita- 
mins when dairy calves are raised by 
one of the usual methods. As soon as 
the paunch, or rumen, becomes suffi- 
ciently developed for normal ruminant 
digestion to occur, the B-complex vita- 
mins are synthesized in the rumen by 
bacterial action. 25 (209) Before this, 
these vitamins are supplied by the milk 
the calf is generally fed. 

If calves are weaned from milk at 
only a few days of age, B-complex vita- 
min supplements should be included in 
the milk replacer, if it does not contain 
a considerable proportion of dried skim- 
milk and other dairy by-products. ( 1142) 

In most experiments there has been 
no benefit from adding to a normal ra- 
tion for dairy calves, either B-complex 
vitamins or yeast, which is rich in these 
vitamins. 26 Ordinarily, a deficiency of 
B-complex vitamins can be produced 
only when calves are raised on an ab- 
normal synthetic ration that includes no 
ordinary roughage. 27 In experiments in 
which calves have been fed such rations, 
it has been proved that they require thi- 
amine, riboflavin, niacin, pantothenic 
acid, pyridoxine, biotin, and vitamin 
B 12 . 28 All these vitamins are provided 


amply in the ordinary methods of raising 
dairy calves. 

Under usual conditions ascorbic 
acid, vitamin C, is of no importance in 
raising dairy cattle. (224) Synthesis of 
this vitamin in the body begins by the 
time a calf is 2 or 3 weeks old, and there 
is generally a sufficient store in the body 
at birth to meet the needs up to thfrjf 
time. Calves have been raised succajfl 
fully on a ration so lacking in ascc wB 
acid that it would produce scurvvf : MP 
guinea pigs within a month. 29 

If calves are fed the usual rations, 
with plenty of good roughage, there is no 
lack of vitamin E.- (1040) 

1120. Vitamin*" pills or capsules. — 
It has been advocated that, in herds 
where the losses from scours or other 
diseases have been serious, the calves 
be given soon after birth and during 
the first few weeks vitamin pills or cap- 
sules which supply vitamin A, vitamin 
D, niacin, and in some cases other B- 
complex vitamins. 30 However, in exten- 
sive experiments in several states and 
with great numbers of calves, the use of 
such vitamin pills or capsules has not 
been beneficial. 31 They have not les- 
sened scours or other diseases, or im- 
proved the appearance or condition of 
the calves. 

It has been pointed out earlier in 
this chapter that when the feeding of 
whole milk is discontinued at an ex- 
tremely. early age, it is important to feed 
a vitamin A supplement. (1117) Also, 
under certain conditions, the use of a 
vitamin D supplement is advisable. How- 
ever, there is generally no need of using 
such vitamin supplements when calves 
are fed the usual amount of whole milk 
and supplied with good-quality hay at 
an early age. 32 

1121. Antibiotic feed supplements. 

— Since the discovery was made that the 
feeding of certain antibiotics increased 
the growth of some young animals, scores 
of experiments have been conducted by 
the experiment stations to determine the 
effects of antibiotic feed supplements on 
dairy calves. 33 (966) Most of these in- 
vestigations have been with aureomycin 
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* feed supplements or with pure aureomy- 
> cin ( chlortetracycline ) . 

In the great majority of the experi- 
ments, but not all, the addition of an 
aureomycin supplement to the ration has 
increased the rate of gain of dairy calves 
decidedly. It has generally reduced the 
cases of scours and other infectious dis- 
es, and improved the thriftiness and 
ppearance of the calves. These ef- 
are greater in herds where there has 
much trouble from disease. How- 
an antibiotic supplement is no cure- 
1, and it does not give protection against 
unsanitary and slovenly practices. 

The effect of the antibiotic supple- 
ment is the greatest during the first 7 
weeks of life, and there is little effect 
after calves are 6 months old. After this 
agfe, heifers that have not received an 
antibiotic supplement previously will 
probably tend to grow faster than those 
which have had the supplement, and by 
the time they freshen there will likely 
be no appreciable difference in size. 
Therefore, in raising replacement dairy 
heifers the chief advantage from feed- 
ing an antibiotic supplement when they 
are calves is the lessening of scours and 
other diseases. 

An antibiotic supplement has the 
most effect when it is added to the milk 
or milk replacer during the first few 
weeks. If this is not done, there may be 
a slight benefit from including an anti- 
biotic supplement in the calf starter. 

Aureomycin and terramycin feed 
supplements generally stimulate the ap- 
petite so that calves eat more feed. In 
some experiments less feed has been re- 
quired per 100 lbs. gain with the anti- 
biotic, but in a greater number of trials 
the feed efficiency has not been in- 
creased. The use of an antibiotic sup- 
plement does not apparently increase the 
digestibility of the ration in most cases, 

In some experiments terramycin has 
been as effective as aureomycin, but not 
in others. Bacitracin has not equalled 
aureomycin in effectiveness, and peni- 
cillin, and chloromycetin have been in- 
effective. The results with streptomycin 
have differed greatly. Feeding 30 milli- 
grams of aureomycin or terramycin per 


calf daily has generally been as beneficial 
as a higher level. 

1122. Surfactants; arsonic supple- 
ments. — Only a few experiments have 
been reported thus far in which a sur- 
factant , or surface-active agent, has been 
used to supplement a ration for young 
calves. 34 (967) Except in one test, a 
surfactant has been less effective than 
aureomycin in increasing growth and pre- 
venting scours, or it has not been bene- 
ficial at all. 

The data are yet too limited to show 
whether arsonic supplements (arsanilic 
acid or other arsonic acid derivatives) 
are as effective as an antibiotic for young 
calves. 35 

1123. Cud inoculation. — When a 
calf is only a few days of age, its rumen 
is developed but little, and the character- 
istic cellulose-digesting bacteria found in 
the rumen of older cattle are not present 
in appreciable amounts. If the calf is 
in contact with older cattle, the rumen 
soon becomes inoculated with these or- 
ganisms, perhaps by eating feed which 
has been slobbered on by these animals 
while chewing the cud. 

Pounden and Hibbs of the Ohio Sta- 
tion believe, as a result of their studies, 
that when calves are separated from 
their dams shortly after birth and kept 
in individual pens, it is desirable to inoc- 
ulate them by placing in the back of the 
mouth fresh cud material from healthy 
older cattle. 36 They advise giving the 
treatment once a week for the first few 
weeks. The cud material can be secured 
from the mouth of a ruminating cow. In 
their tests the health of calves thus inoc- 
ulated was improved. Frozen or dried 
rumen contents or dry commercial prep- 
arations were not a satisfactory substitute 
for the fresh cud material. 37 

In trials at other experiment stations 
there has been no benefit or only very 
slight benefit from inoculating calves 
with fresh cud material. 38 

1124. Water. — Calves over 8 weeks 
of age should have plenty of fresh water 
at least twice a day, even when they are 
fed normal amounts of milk. A lack of 
water may seriously reduce the rate of 
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growth. 39 Up to 8 weeks of age, calves 
will drink but little water if they have a 
liberal amount of milk, and there is then 
probably little advantage from supplying 
water in addition during this period. 

After this, they will drink rapidly in- 
creasing amounts of water, and should 
be furnished it. It is especially important 
to provide plenty of water when calves 
are raised on a minimum amount of milk 
or on dry calf starters. 

For a young calf it is probably, best 
to give it lukewarm water twice a day, 
a couple of hours after it is fed milk, in- 
stead of having a drinking cup in the 
pen. With a drinking cup, the calf may 
go to it after the milk is finished and 
drink so much water as to cause scours. 

In Idaho trials, calves fed 12 to 16 
lbs. of skimmilk a day to 6 months of 
age drank the following amounts of 
water per day: At 4 weeks of age, 0.07 
lb;. 6 weeks, 0.5 lb.; 8 weeks, 2.2 lbs.; 
10 weeks, 4.3 lbs.; 12 weeks, 6.6 lbs.; 16 
weeks, 12.9 lbs.; 20 weeks, 18.0 lbs.; and 
26 weeks, 33.4 lbs. 40 In a Wisconsin trial 
calves raised on a dry calf starter and 
hay, with only 400 lbs. of whole milk 
the first few weeks, drank about 4,900 
lbs. of water per calf up to 6 months of 
age. 39 

II. Raising Dairy Calves 

1125. Precautions in raising calves. 
— Probably about 20 per cent of the 
calves born in our chief dairy districts 
die from disease, especially calf scours 
and pneumonia. To reduce these losses 
and raise vigorous, thrifty calves, care- 
ful attention to the following points is 
necessary: 

As has been emphasized in the pre- 
vious chapter it is important first that the 
cows be properly fed prior to calving, so 
that the calves are thrifty at the outset 
and so that the colostrum and later milk 
have a high vitamin content. 

The cows should calve in a well- 
cleaned and disinfected maternity stall. 
To prevent the spread of disease, each 
calf should be kept in a separate calf pen 
for the first several weeks. The pen 
should be kept clean and well bedded, 
and should be thoroughly disinfected be- 



fore a new calf is put in it. The walls be- 
tween the pens should preferably be 
solid so there can be no contact of the 
calves. 

The calves should be fed at regular 
intervals, and any change in the feed 
should be made gradually. Water and 
salt should be supplied. In summer/ 
shade should be provided for calve 
pasture. The feeder should , watch for 
signs of scours and at once take suit 
measures to overcome the trouble. 

White scours', or virulent sco 
which usually occurs within 72 hours 
after birth, causes severe Tosses in some 
herds. This is a virus .-disease,* which is 
readily transmitted by > exposure of new- 
born calves to infected calves or contami- 
nated pens. 41 A preventive, recently de- 
veloped by Link of the Wisconsin Sta- 4 
tion, seems to be effective in herds where 
the trouble has been serious. 42 This prod- * 
uct, which is now made commercially, 
contains dried irradiated blood serum, vi- 
tamin K, and predigested milk solids. 

1126. Housing. — The quarters for 
calves should be well ventilated and 
lighted and drafts must be avoided. 
Where trouble from disease has been 
serious in large herds, it is a good plan 
to use small calf bams with only a few 
individual pens, instead of a large calf 
barn. Sometimes elevated floors, made of 
wire screen, are used in the individual 
pens ^ to , keep the calves drier and 
cleaner. 43 

Iti the southern states a method of 
housing young calves in small individual 
pens with no floors, placed on pasture, 
helps prevent disease and infection with 
parasites. One-half of the pen is roofed 
and in cold weather is enclosed on three 
sides. The pens are moved once a week 
to fresh spots of pasture. In Alabama 
tests excellent results have been secured 
by this method. 44 

Even in the northern states calves 
can be successfully raised in open sheds, 
if they are kept dry with plenty of bed- 
ding and are protected from drafts. 45 
More feed will be required than in 
warmer quarters, but there is apt to be 
less trouble from disease. 
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1127. The new-born calf. — The 
care of the cow at calving time and the 
care of the new-born calf have been con- 
sidered in the preceding chapter. ( 1084 ) 
A new-born calf is very sensitive to the 
treatment it receives and has but little 
resistance to certain diseases. Great care 
is therefore necessary to prevent infec- 
tions, as has been emphasized in the pre- 
vious discussion. The calf should always 
be protected from drafts and from cold 

' aftd dampness, and the navel should be 
disinfected with tincture -of iodine soon 
"afterbirth. **/.; 

If the cows udder is.sdiled, it should 
be washed .with soap >nd water and 
dried with a clean cloth before the calf 
nurses. The calf should nurse within an 
hour after^ birth, and if it is weak and 
fails to nurse, it should be helped pa- 
tiently to get its first meal. 

It is very important that the calf get 
the colostrum, ‘or first milk, immediately 
after birth. (270 ) This protects the new- 
born calf against diseases, especially of 
the digestive system. Also, its very high 
vitamin A content is of great importance, 
for the calf is bom with a very small store 
of the vitamin. 

If for any reason a calf cannot re- 
ceive colostrum milk, a vitamin A supple- 
ment should be administered and a colos- 
trum substitute should be used, such as 
are now available. For this purpose an 
egg-white emulsion may be used, pre- 
pared by mixing the whites of 6 eggs 
with fresh cow's milk for the first* feed- 
ing. 40 For the following feedings, one less 
egg is used each time. 

1128. Utilizing surplus colostrum. 
— A good dairy cow generally produces 
much more colostrum than her own calf 
can consume. The surplus is often wasted 
on dairy farms. Experiments have proved 
that the gains of calves are increased 
when colostrum feeding is continued 
for a longer period than normal, by 
giving a calf other colostrum than from 
its dam. 47 When surplus colostrum is 
available, it can replace part of the milk 
for any of the calves without causing 
scours. 

Surplus colostrum may be stored for 
considerable periods by freezing it, which 


can often be done easily outdoors in win- 
ter in the northern states. 

1129. Starting the calf on whole 
milk. — No matter what method of feed- 
ing is followed later, a calf should receive 
whole milk in normal amounts for at least 
2 weeks, and preferably for 3 or 4 weeks 
or more if it is especially valuable or if it 
is not strong. For very young calves there 
is no satisfactory substitute for milk. 

Hunger is a great aid in teaching a 
calf to drink, and therefore the first les- 
son had better be postponed until 10 to 
12 hours after it is separated from its 
dam. One should be patient with the calf 
and remember that its instinct is to seek 
its food at a level above its nose and not 
down in a pail, and also that it fre- 
quently bunts the udder of its dam while 
nursing, thus massaging it. The calf can 
not be blamed if it follows these instincts 
for a time. 

After putting a quart of fresh, warm 
milk in a clean pail, one is ready for 
the first lesson. A common method is to 
back the calf into a comer and stand 
astride it to hold it fast. Then hold the 
pail in one hand, dip the fingers of the 
other hand in the milk, and while the 
calf is sucking the fingers, bring its nose 
down into the milk. Then gradually with- 
draw the fingers, holding them at the end 
of the nose for a little while. Above all, 
be patient in repeating the process as 
needed. The calf pails in which milk is 
fed must be kept scrupulously clean and 
should be sterilized, if possible. 

The young calf should be fed spar- 
ingly, for there is much more danger of 
overfeeding the first few days than of 
underfeeding. For the first day or two 5 
or 6 lbs. of milk daily is a safe allowance 
for an average calf, with 8 lbs. as a maxi- 
mum for a large, lusty one. This allow- 
ance should be divided between 2 or 3 
feedings and the amount of each should 
be measured or weighed and not esti- 
mated. The milk should be fed as fresh 
as possible and at a temperature of 90° 
to 100° F., determined by a thermome- 
ter, instead of guessing at it. Feeding 3 
times a day is slightly better for the calf 
during the first week or so and is advis- 
able if the cows are milked thrice daily. 
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If possible, it is a good plan to feed 
the calf milk from its dam for the first 
few days, unless the milk is very high in 
fat. In this case it may be wise to use 
milk from a low-testing cow for a week or 
two, or else to add warm skimmilk or 
water to lower the fat percentage. 

The allowance of milk should be 
gradually increased as the calf grows 
older, if it is thriving. Overfeeding, the 
cause of much trouble in calf rearing, 
should be avoided at all times. A safe 
plan is to keep the calf a little hungry. 
A good rule is to feed 1 lb. of whole 
milk daily per 10 lbs. live weight. Weak 
or sickly calves should be fed less, and 
even a large and vigorous calf should not 
be fed more than 12 lbs. a day. In case 
of indigestion or scours, the allowance 
should immediately be cut in half until 
the calf recovers. 

Calves not in individual pens should 
be confined in stanchions for a time after 
the milk is drunk, until they consume 
their concentrate allowance and over- 
come the desire to suck each other's ears 
or udders. If this is not done, the shape 
of the udder may be injured or a heifer 
may later persist in sucking herself or 
other cows. 

In some experiments calves have 
been less apt to suffer from digestive up- 
sets when fed milk by means of "nipple 
pails” than when it is fed in ordinary 
pails. 48 In other trials there has been lit- 
tle difference in the results with nipple 
pails and other pails. 49 The calf gets milk 
more slowly from the nipple pail by 
sucking on the nipple, and cannot gulp 
the milk down, as from an ordinary pail. 
The advantages of nipple pails are offset 
more or less by the fact that more care 
may be necessary in cleaning them, to 
keep them in sanitary condition. 

1130. Various methods of raising 
calves.— If one wishes to raise dairy 
calves so they will make maximum 
growth, regardless of expense, there is no 
better way than to continue the feeding 
of a considerable amount of whole milk 
for 5 or 6 months or longer. On account 
of the expense, however, relatively few 
dairy calves are raised on whole milk, ex- 
cept when they are reared by the "nurse- 


cow method.” (1139) After calves have 
a good start on whole milk, they may be 
raised successfully by the several dif- 
ferent methods described in detail in this 
chapter. 

1131. Feeding grain and other con- 
centrates. — When a calf is 1 to 2 weeks 
old, it should be taught to eat 
trates. Though certain mixtures are 
pecially popular for feeding 
calves, almost any mixture of 
grains is satisfactory, or even a 
grain. If the calf gets plenty of 
milk, skimmilk, or buttermilk, it 
ceive sufficient protein in the milk, 
ing a small amount of such a feed as 
wheat bran or linseed meal to grain will 
usually make the mixture more palatable 
to calves, and therefore may be advis- 
able, merely from this standpoint. 

Such mixtures as the following are 
excellent for calves fed milk: 

(1) Corn, 30 to 40 lbs.; oats, 30 
lbs.; wheat bran, 10 to 20 lbs,; linseed 
meal, 10 lbs. 

(2) Equal weights of corn or barley 
and of oats or wheat bran. 

(3) Corn, 30 lbs.; wheat bran, 10 


lbs. 


lbs. 


(4) Corn, 30 lbs.; linseed meal, 5 


(5) Corn, 40 lbs.; wheat bran, 10 
lbs.; linseed meal or soybean oil meal, 
10 lbs. 

In these mixtures other grains, such 
as ground barley, ground wheat, or ground 
grain sorghum, may be substituted for 
the corn and oats. Rye is less palatable 
and should not form too large a part of a 
mixture for calves. Dried beet pulp may 
be used as a substitute for part of the 
grain for calves 2 to 3 months old or 
more. 

A limited amount of cane molasses 
can be used in place of grain for calves, 
but too large a proportion is apt to cause 
scours. In Louisiana trials the results 
were satisfactory when only 1 to 2 ounces 
of molasses per head daily were mixed 
with the concentrates at the start, and 
the amount of molasses increased very 
gradually until molasses formed one-half 
the concentrates when the calves were 
5 months old. 60 





Calves Need a Liberal Amount of Concentrates 

To produce rapid and thrifty growth, calves must have a liberal amount of concentrates. 
The percentage of protein needed in the concentrate mixture will depend on whether or not 
they are receiving considerable whole milk or skimmilk. 

These mixtures all provide sufficient When such a mixture as corn and linseed 
protein for calves raised on plenty of meal is fed, the com is often ground to 
milk (whole milk, skimmilk, or butter- prevent the linseed meal from separating 
milk). If the amount of milk is limited out. After calves are 6 to 9 months old, 
and especially if calves are weaned at an they chew grain less thoroughly, and 
early age and raised on concentrates and corn and oats should then be ground, 
hay alone, the mixture must contain Such hard grains as barley, wheat, and 
much more protein. Also, a larger pro- the grain sorghums should always be 
portion of protein supplements is re- ground. Coarse grinding is preferable to 
quired when calves are raised on whey, fin© grinding for calves. 

Suitable mixtures to use under these vari- 1132. Feeding concentrates. — The 

ous methods of feeding are stated later calf can be taught to eat the grain mix- 
in the discussions of these methods. ture by putting a handful or less in the 

Whole or ground oats are often used bottom of the pail after it has finished 
as the only concentrate for calves fed drinking its milk. Some add the mixture 
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to the milk, but this is inadvisable, as 
the meal is then chewed less thoroughly. 
The calf that is backward may be taught 
to eat the mixture by rubbing some on 
its muzzle when it is through drinking 
milk, or by putting a little in its mouth. 
After the calf has learned to eat grain, the 
mixture should be fed dry in a suitable 
feed box or in the manger. 

Until the calf is 2 to 3 months old, it 
may eat as much of the mixture as it de- 
sires, a supply being kept before it in a 
feed box. Care should be taken to clean 
the box out regularly. 

Older calves fed a liberal allowance 
of skimmilk may be allowed up to 4 lbs. 
of the grain mixture a day, and those 
raised on calf meal, up to 5 lbs. a day. 
If the calves begin to eat more than this, 
the proper amount should be hand-fed 
twice daily, instead of letting them have 
all they will eat. Otherwise, they will not 
eat enough hay, and also the feed cost 
will be too high. 

1133. Importance of plenty of good 
hay for calves. — It is very important that 
calves have hay of first-rate quality as 
soon as they will eat it. Green-colored, 
sun-cured hay is not only high in vita- 
min A value, but it is also the richest 
source of vitamin D among common 
feeds. In addition, it has a good content 
of B-complex vitamins. Supplying plenty 
of such hay will therefore prevent any 
deficiency of vitamins. 

Providing ample high-quality hay 
also develops the calfs rumen more 
rapidly and hastens the establishment of 
mature-type cellulose-digesting bac- 
teria. 53 In addition, it prevents anemia, 
which may occur in calves fed too largely 
on milk or milk and concentrates. 54 

At about 2 weeks of age, a handful of 
the hay should be placed each day where 
the calf can get it. Little will be eaten at 
first, but even this may be important in 
preventing rickets and other troubles. As 
the calf grows and its rumen develops, 
more hay will be eaten, until at 6 months 
of age it should be eating 3 to 5 lbs. a 
day. The amount of hay eaten per 100 
lbs. live weight usually increases up to 
about a year of age. 

The best way to feed hay to calves 


is in a slatted rack. All uneaten hay 
should be removed daily and fed to other 
stock, for calves do not like hay which 
has been picked over. 

It is never safe to attempt to raise 
calves without plenty of good hay or 
other good roughage. As has been shown a 
earlier, attempts to raise calves on milk, 
alone or on milk and grain withg^t 
roughage have ended in failure. (25&)^. 

Occasionally, a calf will show an $J||| 
normal appetite and will eat the bedding- 
or will gorge on an undue amount ^ 
hay, which may result in a serious digeg- 
tive disturbance. Fortunately, this rarely 
happens with healthy calves. Some 
breeders keep muzzles at hand and if 
a calf shows such a tendency, they muz- 
zle it for the first month, except at the 
time it is fed milk and concentrates. The 
use of muzzles on all calves for the first 
month has been advocated as a protec- 
tion against such trouble, but on account 
of the nutritive benefits that young calves 
secure from good hay, this practice seems 
unwise, except perhaps where there have 
been severe losses from calf diseases. 

1134. Legume hay excels for calves. 
— Fine-stemmed, leafy legume hay is the 
best for calves, because of its high con- 
tent of protein, calcium, and vitamins. 
Excellent quality mixed Mgume-and- 
grass hay that is high in proportion of 
legumes ranks next. 

Occasionally, young calves may eat 
so much of excellent legume hay that its 
laxative* effect may cause them to scour. 
This can be avoided by limiting the 
amount of hay or by starting them on 
mixed legume-and-grass hay. In experi- 
ments during 6 years by the author and 
associates at the Wisconsin Station, 
calves were allowed access to red clover 
hay from the start with uniform success, 
and in later trials were fed alfalfa with 
like good results. 55 In New York trials, 
calves fed U.S. No. 1 alfalfa hay ate more 
hay and made slightly more rapid growth 
than others fed mixed hay of similar 
quality. 56 Probably many cases of scours 
have been attributed to the laxative 
effect of legume hay when some other 
factor has really been responsible. 

In general, the leafier that hay is. 
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the higher will be its value for calves, suitable amount of the alfalfa meal or 

Second-cutting clover or alfalfa hay is pellets may be mixed with the concern 

? therefore preferred to first-cutting. Good- trates, and no other roughage fed. 61 

j quality lespedeza hay, soybean hay, cow- When dehydrated alfalfa pellets are fed 

| pea hay, or mixed hay high in legumes separately, calves may eat more pellets 

are all very satisfactory for calves. than they would of good alfalfa hay and 

# ■ If no good legume or mixed hay is will then gain correspondingly more. 62 

! 9 available for the calves, early-cut, well- 1135 . silage . r00 ts.— After calves 

4b- cured grass hay can be used satisfac- are 6 to 8 weeks old, they may be fed a 

torily. In Oklahoma experiments calves sma n amount 0 f good corn or sorghum 

t;^ed by the calf-starter method with si i age> in addition to plenty of hay, but 

| good prairie hay as the roughage made many dairymen prefer not to feed silage 

| \ normal gains, although somewhat less unt il the calves are 4 to 6 months old. 

than on alfalfa. 07 In a New York trial The use of silage is not necessary in rais- 

\ calves fed U.S. No. 1 timothy hay ate | n g good calves, and feeding silage too 

less hay and consumed more concen- early may cause more trouble from scours. 

I trates than others fed alfalfa, but even Corn or sorghum silage may be an 

' tben § rew ^ ess rapidly.'’ 6 economical addition to the rations of 

. That S oocl S rowth can be secured older calves and of heifers in the com 

: on a very small amount of concentrates belt and in the sorghum-growing dis- 

1 when heifers have plenty of first-class tricts. However, such silage does not 

legume hay is shown by recent trials of have the special nutritive values for 

the United States Department of Agricul- ca l ves which are possessed by good leg- 

toe. 58 Heifers fed all they would eat of ume hay. This is because the silage is not 

I excellent alfalfa hay, made normal rich in protein or in calcium, and it may 

( growth to 2 years of age when raised by have but little vitamin D. Hay-crop si- 

the calf-starter method, with no milk lage is a satisfactory substitute for part 

after they were 60 days old and no con- 0 f the hay, especially for older calves 

centrates at all after 8 to 9 months of anc [ f or heifers. 

age. The heifers received a total of only The results of experiments have dif- 

about 560 lbs, of concentrates per head, fered widely in which hay-crop silage 

which is far less than is fed by most has been used as an entire substitute for 

dairymen. . hay in raising calves and heifers. In a 

The importance of good hay is fur- trial by the United States Department of 
ther shown by extensive Vermont experi- Agriculture, heifers were raised by the 

ments in which good grass hay was com- calf-starter method with a maximum of 

pared with hay from similar fields cut only 3 lbs. of concentrates a day and 

a month later. 59 When a year of age, none after they were 8 months old. 58 

heifers fed the late-cut hay averaged 60 Heifers fed wilted alfalfa silage as the 

lbs. less in weight than those fed the only roughage or with a veiy small 

good hay. During the second year they amount of hay did not eat anywhere near 
still gained less rapidly, although both as much dry matter in roughage as others 
groups were fed some silage or green f e d alfalfa hay, and did not make normal 
forage in addition to hay and concen- gains. After they were a year old, they 
trates. made nearly as large gains as those fed 

If poor hay, low in carotene, must alfalfa hay. It seemed that to produce 
be used as the only roughage for calves equal gains with alfalfa silage it would 
and heifers, it is important to add a vi- be necessary to feed considerably more 
tamin A supplement. Otherwise, a serious concentrates the first year than with al- 
deficiency may result. 60 falfa hay as the roughage. 

In an area where but little legume Differing from these results, in New 

hay is grown, alfalfa meal or alfalfa pel- Hampshire trials yearling heifers made 
lets make a satisfactory, though expen- greater gains on hay-crop silage as the 
sive, substitute for farm-raised hay. A only feed than others made on hay, even 
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though they consumed less dry matter, 63 
Also, in a Pennsylvania trial calves fed 
legume-grass silage as the only rough- 
age made nearly as rapid gains as others 
fed hay, even when fed only a small 
amount of calf starter. 64 In Nevada and 
South Dakota tests heifers made only 
slightly less gain on alfalfa silage as the 
only roughage than others fed alfalfa 
hay, but in a Rhode Island trial hay-crop 
silage produced appreciably less gain 
than did corn silage. 65 


Where internal parasites are less 
serious, thrifty calves do well on clean 
pasture after they are 2 to 4 months old, 
if accustomed to it gradually and if they 
are fed plenty of other feed and are sup- 
plied with shade, shelter, salt, and fresh 
water. The scrawny, pot-bellied 
one often sees on pasture ’are 
a result of the pasturage, but of 
of milk and grain and of proper 
tention. In Georgia trials calves 
the calf-starter method did well 


Calves Do Well on Pasture xf Properly Fed 


Calves thrive on good pasture after they are 2 to 3 months old, if they are accustomed 
to it gradually and if they have plenty of other feed, as well as shelter, salt, and fresh water. 
A concentrate mixture is fed these heifers in a trough, and hay in a rack. ( From New York 
State College of Agriculture, Cornell University. ) 


Roots are a satisfactory succulent 
feed for calves, but in the United States 
are much more expensive than silage. 

1136. Pasture. — Pasture that is free 
from contamination with parasites is ex- 
cellent for calves old enough to make 
good use of it. A pasture that has been 
grazed by cattle within a year or one that 
has been top-dressed with cattle manure 
should not be used for calves, as they are 
much more severely affected by internal 
parasites than are older cattle. 

In the southern states the parasite 
problem is more serious than in the 
North, and North Carolina investigators 
advise that calves should not go to pas- 
ture until 10 months of age. 66 (1126) 


placed on fresh, clean pasture at only 7 
days of age, with no hay at all. 67 

If calves much under a year of age 
are pastured with older cattle, they may 
become badly infected with internal par- 
asites from older cattle. 

If calves are pastured when too 
young, there is more trouble from scours, 
and they may suffer from heat and flies. 
Many dairymen therefore prefer not to 
turn calves on pasture until they are 5 or 
6 months old. Instead, the calves are kept 
in the stable, where they are more sure 
to receive proper feed and attention. 

It has been pointed out previously 
in this chapter that direct sunlight is an 
effective aid in preventing or curing 
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rickets. During warm weather it is there- 
fore well to let calves over 2 months of 
age have access to clean outside pens, 
if they are not on pasture. 

1137. Raising calves on skimmilk. 
^—Whenever skimmilk is available, the 
Ives should be changed from whole 
Ik to this by-product as soon as they 
a good start. Calves raised on skim- 
may not make quite as rapid gains 
first few months as when they are 
ued on a liberal allowance of whole 
Ek. Howev.ej, •;the^* will be just as large 
y the time 'they .are -1 8- months to 2 years 
* old and they ,‘*wi^ .develop into just as 
productive cows:^-^' ’> : 

Skimmilk should, fee fed, if possible, 
fresh and warm £$5m the farm separator. 
If the milk is noK warm, it should be 
heated to 90° to l60VF. before feeding. 
Contrary to common’ opinion, it is not in- 
jurious to feed, calves the foam which 
normally collects on separated milk, pro- 
vided the proper amount of milk is fed. 
After the calf is 2 to 4 months old, it can 
usually bo accustomed to cool milk, if the 
temperature is reasonably uniform. In a 
South Dakota trial, calves were success- 
fully fed cold skimmilk from the start by 
means of nipple pails. 09 Sour skimmilk 
can be fed to calves 2 months old, if it is 
of good quality and if it is uniformly fed 
sour, and not sweet at one feeding and 
sour at another. 

In raising calves on skimmilk, the 
change from whole milk to skimmilk 
may begin when the calf is 2 to 4 weeks 
old, the exact age depending on the vigor 
of the calf. The change should be made 
at the rate of about 1 lb. a day over a 
period of 7 to 10 days. In the case of 
very valuable calves, some whole milk is 
often fed for 2 months or longer. At the 
other extreme, in an experiment by the 
United States Department of Agriculture, 
calves were changed from colostrum to 
skimmilk on the fourth day of age with 
fair results, 70 

After the calf has been changed en- 
tirely to skimmilk, the allowance may be 
increased very gradually, if the calf is 
doing well. Not over 14 to 16 lbs. of 
skimmilk daily are needed, but if an ex- 
cess is available after any pigs or poul- 


try have been provided for, large vigor- 
ous calves may be fed somewhat more. 
Not more than 18 lbs. daily should be 
fed until the calf is 6 weeks old, but after 
this vigorous calves may have as much as 
they wish. If but a small amount of skim- 
milk is available, good gains can be se- 
cured on only 10 lbs. of skimmilk per calf 
daily, along with plenty of concentrates 
and good hay. 71 

If the supply is sufficient, skimmilk 
feeding should be continued for at least 
6 months, but when the supply is scanty, 
thrifty calves can be weaned at 2 to 3 
months and then be fed a calf starter. 

For feeding with skimmilk any of 
the grain mixtures are satisfactory that 
have been previously suggested for feed- 
ing with milk. (1131) Experiments have 
shown clearly that for calves receiving 
a liberal amount of skimmilk, a concen- 
trate mixture consisting chiefly or en- 
tirely of farm-grown grain is just as 
satisfactory as one containing a large pro- 
portion of protein-rich feeds. 72 

Sometimes fat or oil is mixed with 
skimmilk or reconstituted skimmilk, made 
from dried skimmilk, as a substitute for 
the fat in whole milk. However, the 
cereal grains, rich in carbohydrates, are 
cheaper and much more satisfactory. Or- 
dinary plant oils, such as soybean oil or 
cottonseed oil, produce poor results, while 
calves do fairly well when lard or hy- 
drogenated plant oil is added to the skim- 
milk. 73 The oil must be fed as an emul- 
sion in the milk, or it is apt to cause 
indigestion and scours. 

Minnesota and Missouri trials show 
that when an abundance of skimmilk is 
available, thrifty calves can be raised, 
after 2 to 3 weeks of whole milk feeding, 
on only skimmilk and alfalfa hay. 74 In 
the Minnesota test calves thus raised 
made normal gains and consumed 140 
lbs. whole milk, 2,110 lbs. skimmilk, and 
813 lbs. alfalfa hay to 6 months of age. 

1138. Feeding buttermilk, whey, or 
reconstituted milk. — Fresh buttermilk 
that is sanitary and is not badly diluted 
is a good substitute for skimmilk in rais- 
ing calves, and it may be used in the 
same manner. It is best not to begin 
changing calves from whole milk to but- 
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termilk until they are 4 weeks old, as but- 
termilk sometimes has a more laxative 
effect than skimmilk. 

Whey can be used very successfully 
for calf feeding, when fed as recom- 
mended in Chapter XXIII. (889) If 
calves fed whey or reconstituted whey, 
made from dried whey, tend to scour, 
this can be prevented, according to Wyo- 
ming tests, by mixing one-quarter tea- 
spoonful of slacked lime with each feed- 
ing. 75 

Sometimes dried skimmilk or dried 
buttermilk is mixed with warm water to 
make reconstituted skimmilk or butter- 
milk . This can be used satisfactorily in 
the same manner as ordinary skimmilk or 
buttermilk. (893) Dried skimmilk, dried 
buttermilk, and dried whey are also com- 
mon ingredients in dry calf starters, or 
calf meals. 

1139. Raising calves on nurse cows. 
— Where dairy by-products are not avail- 
able on the farm, some use the “nurse- 
cow method” of raising calves with much 
success. 76 In this method 2 to 4 calves 
of about the same age and vigor are kept 
in a box stall with a cow, competing for 
her milk. The calves should be taught 
to eat a dry calf meal and hay as soon as 
possible and may be weaned, if neces- 
sary, at 2 to 3 months of age. 

This system takes a minimum of 
labor and reduces the trouble from 
scours, if the number of calves is prop- 
erly adjusted to the milk yield of the 
cow. During her lactation one cow may 
thus raise several calves to the weaning 
age. Often a hard milker or low tester 
can well be used for this purpose. New 
York tests indicate that a cow infected 
with mastitis can safely be used as a 
nurse cow, without infecting heifer 
calves that nurse her. 77 

1140. Raising calves on calf starters 
and a minimum of milk. — In market milk 
or condensary districts where no skim- 
milk, buttermilk, or whey is available, 
the calf starter method of raising calves 
is widely used. In this method the calves 
are given a good start on normal amounts 
of whole milk and are taught to eat a dry 
calf starter, or calf meal, and good hay 



as sd|>n as possible. Then, if they are 
thrifty, the amount of milk is soon re- 
duced and they are weaned entirely from 
fluid milk at 7 to 10 weeks of age. After 
this, they are fed only the calf starter, 
with plenty of first-class hay and witft 
water to drink. : 

This method saves considerably 
labor in comparison with the feeding 
reconstituted milk or of calf meal in _ 
form, for there is no mixing and warm! 
of a fluid food and washing and ste: 
ing of calf pails, after the calves 
weaned. The results may be a little morf^ 
variable with this method than when 
calves are raised on plenty of skimmilk. 
To secure the best results, the calves 
must be well started on the dry calf meal 
and hay before they are weaned from 
milk. Excellent-quality legume hay or 
mixed hay high in legumes must be fed, 
and if a calf is delicate or sickly, whole 
milk feeding must be continued until it 
is strong. 

Some such schedule as the following 
should be followed under this plan: Feed 
a normal amount of whole milk during 
the first 3 weeks to Holstein, Brown 
Swiss, or Ayrshire calves and during the 
first 4 weeks to Jerseys and Guernseys, 
The maximum can be 10 lbs. a day for 
the former breeds and 7 lbs. for Jerseys 
and Guernseys. After this period, reduce 
the allowance for the larger breeds to 9 
lbs. during the fourth week, 7 lbs. during 
the fifth week, 6 lbs. during the sixth 
week, and then gradually wean the calf 
during the next 7 to 10 days. In the case 
of a Jersey or Guernsey calf, reduce the 
milk allowance more gradually and do 
not wean the calf until 9 or 10 w’eeks of 
age, unless it is doing unusually well. 

Until the calf is 3 months old, let it 
have all the dry calf meal it will eat, up 
to a maximum of 4 or possibly 5 lbs. a 
day, along with plenty of good hay. 
When the calf is about 3 months old, 
supply a simple “growing mixture,” in 
addition to the more expensive calf 
starter. Any of the mixtures previously 
suggested for milk-fed calves will be sat- 
isfactory, which contain linseed meal, 
wheat bran, or other protein supple- 
ments. ( 1131 ) When the calf is 4 months 
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old, the calf starter can be discontinued 
and the cheaper mixture fed, alon| with 
the hay. 

In this method not over about 350 
lbs. of whole milk need be fed, in addi- 
tion to the colostrum during the first 3 
#days, which is not marketable. To reduce 
r the amount of whole milk used, the feed- 
ing of milk in this method is sometimes 
^qontinued at an earlier age than 
•^■jitated. However, the calves then often 
‘Vgain poorly for a month or more, and be- 
come pot-bellied and scrawny. Later, they 
may make good gains and reach normal 
weight and height at 12 to 24 months of 
age. 

Numerous experiments have shown 
that very ^satisfactory results are gen- 
erally sec&red when calves are raised by 
the calf starter method, if a total of about 
350 lbs. cSf whole milk, in addition to 
colostrum,, is fed and plenty of good qual- 
ity hay is supplied. For example, this 
method has been used very successfully 
at the New York (Cornell) Station dur- 
ing the past 20 years in extensive experi- 
ments in which various calf starters have 
been compared. 78 In these experiments, 
calves of the various dairy breeds have 
made satisfactory growth with this sys- 
tem. The gains to 4 months of age have 
usually been slightly greater than the nor- 
mal rate in dairy herds. Similar results 
have been secured in numerous experi- 
ments elsewhere with dry calf starters or 
calf meals. 79 

When calves are raised by the calf- 
starter method, good results are secured 
with more uniformity if the feeding of 
whole milk is continued until the calves 
are 7 to 10 weeks old. ’ However, if an 
effective antibiotic feed supplement is 
added to the milk, the results are usually 
satisfactory when milk feeding is discon- 
tinued at 5 weeks, and a total of only 
about 175 lbs. of milk is fed. If a calf is 
not growing thriftily, milk feeding should 
be continued longer. 

1141. Formulas for calf starters. — 
Many different formulas for calf starters 
have been used successfully in the experi- 
ments with this method of raising calves. 
It was concluded in the New York exper- 
iments, for example, that no one calf 


starter proved to be consistently bettei 
than all others. 

The calf starters commonly used 
have about 20 per cent protein and thus 
must include a rather large proportion 
of protein-rich supplements. A calf 
starter should be very rich in total digest- 
ible nutrients, and should therefore not 
have more than about 5 per cent of fiber. 
In a recent Kentucky experiment a calf 
starter containing only 16.6 per cent pro- 
tein, fed with excellent alfalfa-brome- 
grass hay, gave about as good results as 
starters higher in protein. 80 

Most of the calf starters used earlier 
contained 20 per cent or more of dried 
skimmilk or equivalent amounts of fish 
meal, meat scrap, or tankage. Later ex- 
periments have shown that protein sup- 
plements of animal origin are not neces- 
sary in a calf starter, if a considerable 
part of the protein comes from properly 
cooked soybean oil meal and if the calves 
are fed about 350 lbs. of milk (not in- 
cluding colostrum). 81 

When less whole milk is fed and the 
calves are weaned before the age of 7 to 
9 weeks, there should preferably be at 
least 5 per cent of dried skimmilk or 
other suitable feed of animal origin in 
the calf starter. Satisfactory results were 
secured in the New York trials with calf 
starters containing only 5 per cent of 
dried whey as the feed of animal origin. 
These starters also contained 14 per cent 
of soybean oil meal and 10 per cent of 
linseed meal, or else 20 per cent of lin- 
seed meal, along with 5 per cent of al- 
falfa meal and with mineral supplements 
and irradiated yeast in addition. 

A calf starter is more palatable 
when the grain is ground coarse instead 
of fine. S2 Pelleting a calf starter or part 
of the ingredients did not increase the 
palatability or the value in Kansas, Ken- 
tucky, Maryland and New York tests. 83 

Yellow corn is an excellent grain to 
include in a calf starter, because of its 
vitamin A value. Ground or crushed oats 
is a popular ingredient, and is as satis- 
factory as the more expensive rolled 
oats, without the hulls. Other ground ^ 
grain, such as grain sorghum, can be' 
used in addition to corn and oats or as a 
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substitute for them. The addition of 5 
to 8 per cent of cane molasses seems to 
improve the palatability of a calf starter 
slightly. 

In a calf starter in which soybean 
oil meal provides much of the protein, 
10 to 20 per cent of distillers dried solu- 
bles is a satisfactory substitute for dried 
skimmilk or dried whey and dried yeast. 
(955) Cottonseed meal, even that which 
is degossypolized, is less satisfactory than 
soybean oil meal as the chief protein sup- 
plement. 84 

To help insure a plentiful supply of 
vitamins and minerals, it is well to have 
in a calf starter 5 to 7 per cent of high- 
grade alfalfa meal or alfalfa leaf meal, 
0.5 per cent of ground limestone, 0.5 per 
cent of bone meal or other safe phos- 
phorus supplement, 0.5 per cent salt, and 
0.025 to 0.05 per cent of irradiated yeast 
or 0.125 per cent of cod-liver oil con- 
centrate. 

The following are examples of calf- 
starter formulas which have proven very 
satisfactory: 

(1) Cracked yellow corn, 19.475 
lbs.; crushed oats, 20.0 lbs.; wheat bran, 

15.0 lbs.; linseed meal, 10.0 lbs.; dried 
skimmilk, 5.0 lbs.; soybean oil meal, 14.0 
lbs.; cane molasses, 5.0 lbs.; alfalfa meal, 

7.0 lbs.; brewers' yeast, 3.0 lbs.; irra- 
diated yeast, 0.025 lb.; ground lime- 
stone, 0.50 lb.; steamed bone meal or di- 
calcium phosphate, 0.50 lb.; iodized salt, 
0.50 lb. (Dried whey can be used in 
place of the dried skimmilk, and the lin- 
seed meal or soybean oil meal increased 
slightly.) 

(2) Yellow com meal, 24.775 lbs.; 
crushed oats, 20.0 lbs.; wheat bran, 15.0 
lbs.; linseed meal, 10.0 lbs.; soybean oil 
meal, 18.2 lbs.; cane molasses, 5.0 lbs.; 
alfalfa meal, 5.0 lbs.; irradiated yeast, 
0.025 lb.; ground limestone, 0.50 lb.; 
bone meal or dicalcium phosphate, 1.00 
lb.; salt, 0.50 lb. 

(3a) For feeding with plenty of 
good alfalfa or other legume hay: 
Ground grain sorghum, 300 lbs.; cotton- 
seed meal or soybean oil meal, 200 lbs.; 
wheat bran, 100 lbs.; steamed bone meal, 

3 lbs.; salt, 3 lbs. 

(3b) For feeding with poorer hay: 


Ground grain sorghum, 300 lbs.; cotton- ‘ 
seed meal or soybean oil meal, 150 lbs.; 
wheat bran, 100 lbs.; alfalfa leaf meal, 

50 lbs.; brewers" dried yeast, 25 lbs.; 
steamed bone meal, 3 lbs.; salt, 3 lbs. 

When a total of about 400 lbs. 
whole milk (not including colostrum) 4s % 
fed per calf and care is taken to supply^A^ 
first-class hay, a very simple calf startjMfflfeC 
can be used. In Wisconsin experim ent s 
Guernsey and Holstein calves 
made normal gains on a calf starter 
iaining only equal parts by weigM^jlf^^ 
ground yellow corn, ground oats, wbHHR' 
bran, and linseed meal. 85 Though the#W : 
calves did not gain as rapidly as others 
fed skimmilk to 6 months of age, they 
would later make up all or most of this 
difference, if they were well fed up to 
calving time. 

1142. Milk replacers or substitutes. 

— Many experiments have been con- 
ducted recently to devise milk replacers 
or substitutes for raising calves with no 
whole milk after only a few days of age. 86 
Such milk replacers are usually fed in 
the form of a warm gruel, and in addi- 
tion the calves are supplied a less expen- 
sive diy calf starter and good hay. 

When the feeding of whole milk is 
discontinued at 10 days of age or less 
and a good milk replacer fed in gruel 
form instead, calves can usually be raised 
successfully. However, they often are 
less thrifty and grow less rapidly than 
those raised by the calf-starter method 
with a total of about 350 lbs. of whole 
milk. If well fed later, they tend to de- 
velop normally. 

Several milk replacers are now made 
by feed manufacturers, and these should 
be used according to the directions which 
are supplied. The most efficient milk re- 
placers generally contain a large percent- 
age of dried skimmilk, dried whey or 
other dairy by-products, along with other 
feeds, vitamin supplements, minerals, 
and perhaps an antibiotic. For example, 
a satisfactory milk replacer used in New 
York experiments contained: 50 lbs. 
dried skimmilk, 30 lbs. dried whey, 7.76 
lbs, dextrose, 5 lbs. oat flour, 4.9 lbs. 
brewers' dried yeast, 0,1 lb. irradiated 
yeast, 2.2 lbs. stabilized vitamin A sup- 
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plement, and 0.04 lb. trace mineral sup- 
plement. 87 

As Allen of the Wisconsin Station 
points out, the use of a milk replacer cer- 
tainly does not provide better nutrition or 
s |ieduce losses, in comparison with the 
' calf-starter method and more whole milk. 
Also, the feeding of a milk replacer as a 
rm gruel requires more time and 
her. 88 It takes at least 20 lbs. of a milk 
cer to furnish as much nutrients and 
f as in 100 lbs. of whole milk. He 
des^that one cannot save enough 
ney ter pay for the extra trouble in us- 
ing a milk replacer unless he can buy a 
25 lb. sack of milk replacer for the net 
farm p$ce received for 100 lbs. of milk. 

1143. Self-feeding calves. — Since 
the self-feeder is used so successfully 
for pigs, experiments have been con- 
ducted to find whether or not calves 
can be raised satisfactorily by self-feed- 
ing them concentrates in addition to sup- 
plying milk and roughage. 89 These trials 
have shown that if calves or heifers are 
self-fed, free choice, such grains as corn 
and oats, and also linseed meal, wheat 
bran, and other protein supplements, 
they will usually eat much more of the 
protein supplements than they need. 
This will make the cost unduly high. 

Also, even if the calves are self-fed a 
mixture containing the proper propor- 
tion of protein supplements, after 2 to 4 
months they will often eat much more 
concentrates than they need and less hay 
than they should take. This is expensive, 
but even more important, the amount of 
hay may be so small that the calves may 
become unthrifty, due to a lack of the 
vitamins and minerals good hay provides. 
They may suffer from rickets and even 
have fits and convulsions. 

By using a mixture of the proper 
proportions of chopped or ground legume 
hay and concentrates in a self-feeder this 
difficulty can be avoided, but the propor- 
tion of hay must be carefully adjusted, 
so that the calves will eat plenty of hay 
and yet make the desired gain. 

III. Dairy Heifers 

1144. Grow heifers well. — Rearing 
heifers after they are 6 months old is an 


easy task. Perhaps for this very reason, 
many are stunted for lack of proper feed 
and attention and fail to develop into 
profitable cows. Also, if a dairyman raises 
surplus cattle for sale, he soon finds that 
buyers do not want undersized heifers or 
cows, but they look for well-grown ani- 
mals which give indications of large and 
profitable production. The proper de- 
velopment of the heifers is therefore an 
exceedingly important part of the dairy 
business. 

As is shown in the following articles, 
it is entirely unnecessary to feed heifers 
expensively to secure good growth and 
development. All that is necessary is 
plenty of first-class roughage in winter 
and good pasture the rest of the year 
with only a minimum amount of a suit- 
able concentrate mixture when needed. 

1145. Nutrient requirements. — The 
nutrient requirements for growing dairy 
cattle have been discussed in detail 
earlier in this chapter. In considering the 
feeding of heifers after 6 months of age, 
the following special points about their 
nutrient requirements should be borne in 
mind. 

Far too often, heifers are fed only 
fair or poor roughage in winter and are 
turned on pasture and allowed to shift for 
themselves in summer, with but little at- 
tention, even when the feed becomes 
scanty. Such neglect is perhaps due to 
the fact that the heifers are not bringing 
in any immediate cash income, and a lack 
of sufficient appreciation that the future 
income will depend on how the heifers 
are developed. 

Heifers cannot make normal growth 
unless they receive an adequate supply 
of total digestible nutrients. Since hay 
and other roughages are bulky and rela- 
tively low in digestible nutrients, young 
heifers fed roughage alone, without grain 
or other concentrates, cannot consume 
enough of the bulky feed to provide 
sufficient nutrients for good growth. After 
they are a year old, their digestive tracts 
are well developed, so they can be win- 
tered satisfactorily on roughage with lit- 
tle or no concentrates, if the roughage is 
of satisfactory quality. 

Raising heifers on an abundance of 
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good hay and other roughage, with just 
enough concentrates to keep them grow- 
ing properly, is nearly always much more 
economical than feeding them a large al- 
lowance of concentrates with less rough- 
age. Heifers fed liberally on concentrates 
will make rapid growth and be sleek and 
fat, but such wasteful feeding is actually 
detrimental to their future usefulness. 

It has been pointed out earlier in 
this chapter that there is more apt to be 
a deficiency of phosphorus than of cal- 


successive lactations and length of pro- 
ductive life. 90 The results thus far se- 
cured show clearly that overfeeding heif- 
ers on concentrates, so that they become 
very fat before freshening, not only is ex- 
ceedingly uneconomical but also is apt t$jj£ 
be definitely injurious. ! 

It is more difficult to get heifers that 
are thus fed in calf, and their milk 
duction when they freshen is often 
disappointing. Such overfeeding 
produce a heavy, coarse build 


Well-grown Heifers on Fine Pasture 

To reduce the cost of raising heifers and at the same time secure good growth and 
development, the heifers must have plenty of first-class pasture in summer and all the good 
roughage they will eat in winter. (From New York State College of Agriculture, Cornell 
University. ) 


cium in raising heifers. Whenever there 
may be a lack of these or other minerals, 
a suitable mineral supplement should be 
supplied. 

If heifers are fed early-cut, well- 
cured hay in winter, especially legume or 
mixed hay, and are on good pasture in 
summer, they will receive an abundance 
of vitamins. 

1146. Levels of feeding, — Several 
long-time experiments are being con- 
ducted in this and other countries to de- 
termine the effects of different levels of 
concentrate feeding of heifers up to the 
first calving, upon milk production in 


cause undue fat deposition in the udder. 
This may never disappear after the heifer 
freshens. The udder is apt to be fleshy 
and meaty, instead of being composed 
almost entirely of milk-secreting tissue. 
Heifers that are fed up to calving on 
rations which supply a scanty amount of 
total digestible nutrients and net energy, 
but plenty of minerals and vitamins, do 
not grow at a normal rate and do not 
come into heat as early as those fed ade- 
quate rations. If such heifers are fed a 
much more liberal amount of concen- 
trates than usual during their first lacta- 
tions, they will be able to grow enough 




Heifers Are Often Neglected on Poor Pastures 

Often heifers are turned in summer on poor, unimproved pasture, such as this, and 
allowed to shift for themselves, with little attention. (From New York State College of Agri- 
culture, Cornell University. ) 


RAISING DAIRY CATTLE 677 


to make up much of the difference in 
size. They may even produce nearly as 
much milk as normal in the first lactation, 
and if well fed in later lactations will con- 
tinue to grow and may reach almost nor- 
f mal size. 

The results are much different from 
A ' Ls ~ most farms where heifers are 

iderfed up to the time they 
Usually the heifers, which are 
1 poorly developed, are not fed 
liberality during their first 
Consequently, they become 


a sufficient amount of a suitable grain 
mixture to keep them growing thriftily. 

If possible, at least half of the winter 
roughage on the dry basis should be well- 
cured legume or mixed hay, for it sup- 
plies needed protein, calcium, carotene 
and vitamin D. If legume hay is not 
available, early-cut and well-cured grass 
hay should be used. Even such grass hay 
should be fed, if possible, along with 
some legume hay or with silage. 

When there is little or no legume 
roughage in the winter ration, care must 


stunted, undersized cows, and their milk 
production is much less than it would 
have been if they had been developed 
properly. 

In certain of the long-time experi- 
ments heifers which were grown more 
slowly than normal tended to live longer, 
because they matured more slowly. How- 
ever, these experiments do not show that 
if would be economical to follow such a 
method in raising heifers, instead of de- 
veloping them well up to the time of 
calving. 

1147, Roughages for heifers. — In 
winter there is no better ration for heifers 
than legume hay or mixed hay high in 
legumes, with or without silage, and with 


be taken to feed a sufficient amount of 
protein supplement to balance it prop- 
erly. Also, a calcium supplement may be 
needed. (1116) 

The importance of good hay for 
heifers is shown by New York tests. 91 
Heifers fed poor-grade alfalfa hay with 
6 lbs. of concentrates per head daily did 
not gain as rapidly as others fed only 3 
lbs. of concentrates a day with U.S. No. 
1 alfalfa hay. In another experiment 
young heifers would eat only 0.9 lb. a 
day of ripe bluegrass hay, while they 
consumed 4.1 lbs. of No. 1 mixed leg- 
ume-grass hay. 

If necessary, a limited amount of 
poorer roughage can be fed, along with 
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good legume hay or with silage. Cut or 
shredded fodder or stover from corn or 
sorghums, cottonseed hulls, or even straw 
from the grains can be thus used. To get 
heifers to eat enough unpalatable rough- 
age, diluted molasses may be poured over 
it. Thus fed on cut corn stover in a Wis- 
consin test, molasses was worth fully as 
much as ground corn per pound. 92 

Silage is excellent for heifers when 
fed as part of the roughage, along with 
legume or mixed hay. However, silage 
is not at all necessary if an abundance of 
good hay is fed. For heifers, just as with 
daily cows, it requires about 3 tons of 
corn silage to equal 1 ton of legume or 
mixed hay in value. 93 

Heifers may be wintered satisfac- 
torily on corn or sorghum silage as the 
only roughage, if a concentrate mixture 
is fed which furnishes plenty of protein, 94 
but often they show a great desire for 
some dry forage. It is therefore wise to 
feed some hay or even dry fodder or 
stover from corn or the sorghums along 
with the silage. 

1148. Concentrates for heifers. — 
All the grains may be used satisfactorily, 
when ground or crushed, for feeding 
heifers, and their relative values for this 
purpose will be about the same as for 
dairy cows. Other low-protein concen- 
trates, such as hominy feed, dried beet 
pulp, dried citrus pulp, or molasses, can 
be substituted for grain. The use and rel- 
ative values of these feeds have been dis- 
cussed in the chapters of Part II. 

Linseed meal, soybean oil meal, cot- 
tonseed meal, and wheat bran are the 
most commonly used protein supple- 
ments for heifers, but the other protein 
supplements that are satisfactory for 
dairy cows are likewise suitable for heif- 
ers. As has been shown in Chapter XXII, 
heifers over 3 to 4 months of age may 
even be fed cottonseed meal as the only 
concentrate without injury, if roughage 
is fed which supplies plenty of vitamins 
and if there is ample calcium in the ra- 
tion. (811) 

The use of urea as a substitute for 
part of the protein in rations for dairy 
cattle has been discussed in Chapter 
XXV. (1019) 
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1149. Feedng heifers from 6 to 12 
months of age. — The feeding of milk or 
special calf meals is usually discontinued 
by the time heifers are 6 months of age, 
or even before. They should have 
abundance of other feeds at this time,- soil 
that their growth will not be checked. 

Numerous experiments have been^ 
conducted to find if heifers can be wifi 
tered satisfactorily on roughage alor 
These experiments show that when 
ers are fed only roughage, even ofA 
quality, before they are 10 to 12 mfS| 
of age, they will not make nonriafW®^ 
growth. They will make up their growth 
to some extent later if well-fed, and may 
even reach normal size if fed liberally 
after they freshen. However, unless grain 
is unusually high in price in comparison 
with roughage, it is generally advisable 
to feed heifers under a year of age suffi- 
cient concentrates, in addition to an 
abundance of good roughage, so that 
they will make normal growth. 

Experiments mentioned previously 
show that if heifers are fed an abundance 
of excellent legume hay, they may make 
normal growth when fed no concentrates 
after 8 months of age. (1134) 

The amount of concentrates needed 
by heifers 6 to 12 months of age will, of 
course, depend on the quality and 
amount of roughage. With plenty of good 
roughage, 2 to 4 lbs. of concentrates per 
head daily should be enough, while with 
that of only fair quality 4 to 6 lbs. may 
be needed to keep the heifers gaining 
properly. Heifers 6 to 12 months of age 
should be fed 8 to 15 lbs. of hay a day, 
or 5 to 10 lbs. of hay and 8 to 15 lbs. of 
silage. 

Whether it will be necessary to feed 
grain or other concentrates to heifers of 
this age on pasture will depend on how 
good the pasture is. If it supplies plenty 
of high-quality forage, they will make 
satisfactory growth on pasture alone. 96 
However, on average pasture it is often 
necessary to feed a small amount of con- 
centrates to keep them growing well. 
Whenever the pasture becomes scanty, It 
is especially important to provide plenty 
of other feed, including concentrates and 
also hay, silage, or green soiling crops. In 
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the spring when young heifers are first 
turned to pasture, it is best to continue 
feeding some hay until they get used to 
the lush, laxative green feed. 

If the heifers are fed plenty of al- 
falfa, clover, or other legume hay as the 
only roughage, or if they are on good pas- 
ture which is kept well grazed, no pro- 
in supplements need be included in the 
centrate mixture. Merely ground grain 
even corn, is satisfactory. The 
e may be any desired combination 
common cereals. 

Appendix Table VII gives a consid- 
erable number of concentrate mixtures 
containing various percentages of pro- 
tein, which are excellent for dairy heif- 
ers. As shown in this table, concentrate 
mixtures containing 12 to 14 per cent 
total protein are recommended when 
only about half the dry matter of the 
roughage comes from legumes. With lit- 
tle or no legume roughage, the concen- 
trate mixture should have 16 to 18 per 
cent protein. 

1150. Feeding heifers over one year 
of age. — After heifers are a year of age 
they may be wintered satisfactorily, up 
to 3 or 4 months before calving, without 
concentrates, if fed either an abundance 
of good legume or mixed hay and silage, 
or else all the well-cured legume hay 
they will eat. 97 They will not carry as 
much flesh as some breeders desire, but 
if well fed before calving and during 
their first lactation period, they will reach 
normal size and weight. 

With roughage of ordinary quality, 
it is necessary to feed a small amount of 
concentrates to keep heifers growing 
properly. If the roughage is fair in qual- 
ity, not over 2 to 4 lbs. of concentrates 
should be needed up to 3 or 4 months be- 
fore calving. At this time they should be 
fed more liberally, so as to supply nu- 
trients for the development of the fetus 
and also so the heifers will be in good 
condition for high production during 
their first lactation. With plenty of good 
roughage, 4 to 5 lbs. of concentrates are 
sufficient at this time. 

Yearling heifers do well on good 
pasture without any concentrates, if they 
can actually secure plenty of forage. 98 


If the pasturage gets scanty, it should be 
supplemented with enough other feed — 
concentrates, hay, or silage — to keep 
them growing satisfactorily. 

The same concentrate mixtures may 
be used for heifers of this age as for 
those up to a year of age. If desired, the 
proportion of protein supplement in the 
mixture may be reduced slightly, as 
heifers need somewhat less protein as 
they become older. 

1151. Age for first calving. — Heif- 
ers that are well-grown for their age may 
be bred to calve at an earlier age than 
those which are undersized. Well-grown 
Holsteins may be bred to calve at 24 to 
28 months; Brown Swiss a little later; 
Ayrshires and Guernseys, 23 to 27 
months, and Jerseys, 22 to 27 months. 99 

Wisconsin studies indicate that, if 
heifers are properly developed, their total 
production up to a given age will be 
greater if they first freshen when slightly 
younger than is the practice in many 
dairy herds. 100 Holstein heifers in dairy- 
herd-improvement association herds that 
calved at 22 to 25 months of age pro- 
duced on the average a total of 1,920 
lbs, of butterfat to 7 years of age. Those 
that calved first at 28 to 29 months of 
age produced only 1,760 lbs., and those 
not calving until 30 to 31 months only 
!,720 lbs. 

Heifers that calve relatively early 
will not produce quite as much milk in 
their first lactation as when calving is de- 
layed a few months. However, consider- 
ing the additional cost of carrying a non- 
producing heifer a longer time, fairly 
early calving is generally more profitable. 
Also, if breeding is delayed too long, it 
is often much more difficult to get a 
heifer in calf. 

Heifers that calve early must be fed 
liberally during their first lactation pe- 
riod, so that their growth will not be 
stopped. Otherwise, they will not reach 
normal mature size. 

1152. Normal growth of dairy cat- 
tle. — In order to determine whether 
young dairy cattle are making the proper 
rate of growth for the particular breed, 
it is helpful to have a normal standard 
with which they can be compared. At 
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several experiment stations the weight 
and also the height at the withers have 
therefore been recorded each month dur- 
ing growth for young heifers and bulls of 
the chief dairy breeds. 

The following table summarizes 
available data of this kind for young 
cattle up to 2 years of age. Records are 


The afeage heights shown in the table 
are for smaller numbers of animals, and 
the number of bulls included in the 
studies was much less than of heifers. 
For the younger ages the average weighty 
are for the following maximum nurhbers 
of heifers: Avrshires, 390; Guernseys* 88; 
Holsteins, 885; and Jerseys, 507. 


Normal growth in weight and height of dairy cattle 


Age 

Ayrshire 

heifers 


Guernsey 

heifers 



Holstein 

heifers 


Jersey jj 
heifers 

% 


Weight Height 

Weight Height 

Wei 

ght 

Height 

Weight 


Months 

Lbs. Inches 

Lbs. Inches 

Lbs. 

Inches 

Lbs. 

Inches 

Birth ... 

7 

1 ... 


55 2 

6.6 


33 

2 

8.9 


2 

5.8 

1 

8 

'U rvM 


79 2 

8.4 

1. 

L5 

3 

0.5 

70 

2 

6.9 

2 

11 

4 28.4 

■ 

m 1 1 | \ 

O.O 

I? 

55 

3 

2.2 

9 

6 

2 

8.8 

4 

19 


1 

77 3 

3.7 


zm 

3 

6.2 

17 

6 

3 

2.7 

6 ..... 

28 

1 35,3 

2 

37 3 

7.2 

3" 

79 

3 

9.8 

26 

S 

3 

6.2 

8 

37 

1 37.7 

3i 

50 3 

9.9 

4< 

31 

4 

2.4 

35 

7 

3 

9.1 


45 

1 39.6 

K 


1.7 

5t 

39 

4 

4.6 

43 

2 

.4 

1.0 

12 

51 

8 42,6 

4 ( 

50 4 

3.3 



4 

6.2 

49 

5 

42.3 

14 

57 

6 43.8 

5, 

56 4 

4.6 

7 

52 

4 

7.6 

549 

43.5 

16 

63 

5 44.8 

6< 

35 4 

5.3 


: ■ 

4 

8.8 

59 

1 

44.5 

18 

69 

0 45.7 

K 

zmm 

6.4 


■ 

4 

9.7 

644 

45.3 


74 

3 46.5 

7 

L2 4 

7.0 



5i 


694 

46.0 

22 

79 

0 47.3 

7( 

33 4 

7.7 



5 

1.3 

742 

46.6 

24 

84 

5 47.7 

8 

L8 4 

mm 

IK 

34 1 

5 

1.9 

785 

47.0 




j 

Ayrshire 1 

| Guernsey 

Holstein 


included from the Iowa, Kansas, Mis- 
souri, Nebraska, South Carolina, and 
West Virginia Stations, and from the 
United States Department of Agricul- 
ture. 101 For each breed the averages 
represent data for a much larger number 
pf animals at early ages than later ages. 


At one year of age the Ayrshire heif- 
ers averaged 518 lbs. in weight; the 
Guernseys, 490 lbs.; the Holsteins, 685 
lbs.; and the Jerseys, 495 lbs. The gains 
during the first year averaged 1.62 lbs. 
per head daily for the Holsteins; 1.22 
lbs. for the Ayrshires; 1.16 lbs. for the 




RAISING DAIRY CATTLE 


Guernseys; and 1.20 lbs. for the>|erseys. 

The gains during the second year 
were somewhat less rapid, averaging 
1.15 lbs. per head daily for the Holstein 
H heifers; 0.90 lb. for the Guernseys and 
Ayrshires; and 0.79 lb. for the Jerseys. 
After 2 years of age, increase in weight 
^ continues at a much reduced rate until 
j|dairy cattle reach mature weights at 6 or 
years. Maximum height is reached 
||waewhat earlier. 

,; V The bulls made distinctly more rapid 
r^g^ins than the' heifers of the same breed 
and also were usually taller at a given 
age. 

1153. Cost of raising heifers. — The 
cost of raising dairy heifers up to the 
time of first calving differs rather widely 
in various sections, • depending chiefly on 
the prices of feeds. Feed and bedding 
usually make up about two-thirds of the 
total cost. To this expense must be added 
the initial value of the calf and the ex- 
penses for labor, shelter, interest, taxes, 
and miscellaneous items. From the gross 
cost should be deducted a credit for the 
manure produced. 

The feed cost of raising heifers can 
be greatly reduced by providing plenty 
of excellent hay or hay and silage, as 
this decreases the amount of concen- 
trates needed for growth. For example, in 
a recent United States Department of 
Agriculture experiment Holstein and Jer- 
sey heifers fed an abundance of excellent 


and no milk after they were 60 days 
old.** 

Except in sections where feed is 
cheap, the cost of raising heifers is often 
greater than the selling price of grade 
dairy heifers of ordinary quality. Care 
should therefore be taken to raise only 
heifers that are out of high-producing 
cows and that are sired by a good pure- 
bred bull. If more of such heifers are 
raised than are needed for replacements, 
they are the kind that will bring good 
prices. Heifer calves that are out of poor 
cows or those that are otherwise unde- 
sirable should not be raised, for they will 
not be worth the expense involved. 

An interesting method of estimating 
whether a heifer calf will be a good milk 
producer has been developed by Swett 
and associates of the United States De- 
partment of Agriculture. 102 They have 
found that the size of the actual udder 
tissue in calves 3 to 6 months old is a 
fair indication of their future milk pro- 
duction, and have prepared a detailed 
grading system for selecting heifers for 
herd replacements on this basis. 

Since feed is by far the largest item 
in the cost of raising heifers, the cost 
with various feed prices can be estimated 
from the data in the following table. 
This shows the amounts of feed needed 
to raise dairy heifers either to 2 years 
of age or to the time of first calving, as 
found in various studies. 103 


Amount of feed required to raise dairy heifers 



Whole 

milk 

Skim- 

milk 

Concen- 

trates 

Hay 
and dry 
roughage 

Silage, 

etc. 

Pasture 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Days 

New York, various breeds 

814 * 

.... 

945 

3,600 

3,200 

t 

Maryland, various breeds 

368 | 


1,752 

3,492 

2,208 

312 

Ohio, Holsteins 

499 

2,960 

1,526 

2,448 

2,833 

281 

Ohio, Jerseys 

465 

3,015 

1,382 

2,041 

2,884 

281 

Louisiana, Holsteins 

827 

2,775 

896 

2,589 

1,934 

f 

Oregon, various breeds 

552 

1,209 

230 

3,260 

1,180 

358 

Missouri, Holsteins 

293 

1,907 

1,4.16 

3,719 

1,436 

317 


* Includes both whole milk and some skimmilk. 
f Number of days of pasture not stated. 
t In addition, nurse cows were used for some of the calves. 

alfalfa hay or alfalfa hay and silage made The New York and Maryland data 

normal gains to 2 years of age with a represent the methods used in raising 
total of about 560 lbs. of concentrates calves in the market-milk districts of 
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the eastern states. In the other studies 
considerable amounts of skimmilk were 
fed. The amounts of concentrates were 
low for the Louisiana and Oregon heifers, 
chiefly because pasture could be provided 
over a longer season than is possible in 
the central and northeastern states. 

IV. The Bull 

1154. Bred-for-production sires es- 
sential. — A dairyman cannot expect to 
improve the productive capacity and 
profitableness of his herd unless the 
heifers he raises are sired by a bred-for- 
production bull. The sire should be se- 
lected primarily on the basis of actual 
records of production of his immediate 
ancestors and their offspring, and not 
chiefly because of their show-ring win- 
nings. Due attention must also be given 
to the conformation and type of the bull 
and his ancestors. If a poor bull is used, 
it will take years of constructive breed- 
ing to undo the damage. 

As the average production of the 
cows in a herd increases, it becomes more 
and more difficult to select a bull whose 
daughters will be better than their dams, 
or that will even maintain a high level 
of production in the herd. In such herds 
it is especially desirable to use a “proved 
sire,” whose ability to transmit high pro- 
duction has been definitely proved by 
the actual records of his daughters in 
comparison with the records of their 
dams. 

Relatively few proved sires of su- 
perior merit are available, and therefore 
the average dairyman cannot himself 
own such a bull. Fortunately, the recent 
rapid development of artificial breeding 
associations in this country has revolu- 
tionized dairy cattle breeding. In most 
of our dairy districts, even a dairyman 
with a small herd can now, at moderate 
expense, have his cows inseminated with 
semen from bulls of outstanding trans- 
mitting ability. 

1155. The young bull.-— The same 
principles apply in the rearing of the 
young bull as with heifers, and the same 
methods of feeding can be used, except 
that it is wise not to limit the amount of 
milk so much as to check his growth. A 


young bull should always be fed so as 
to make good growth and reach normal 
size. One which has been stunted by in- 
sufficient feed may sire just as large 
calves, but a purchaser does not desire^ 
such an animal. He never knows whether ^ 
the small size is due to heredity or to ' 

Sexual maturity was delayed 4 topE U 
14 weeks in New York and Pennsylva™jO^ 
experiments when bull calves were ra|8| ' U 

on rations that supplied only 60 t# ' .ft - ’ A; 
per cent as much total digestible 
ents as advised in- the feeding staj£^|^^^ 
ards for growing dairy cattle. 104 Also, 
the scanty rations the amount and quality 
of semen produced was lowered. 

So far as is known, the protein, min- 
eral and vitamin requirements of a young 
bull are the same as for a heifer. One 
should guard against any ‘deficiency of 
vitamins or minerals, which might injure 
the health of the bull or lower his future 
breeding efficiency. However, there is 
no advantage in using special vitamin 
or mineral supplements, unless there is 
an actual deficiency in the ration. 

In experiments by the United States 
Department of Agriculture bulls were 
raised on rations low in carotene, in 
which the only roughage was poor- 
quality timothy hay. 105 To these rations 
were added various amounts of vitamin 
A supplements to determine the require- 
ments. It was found that decided physi- 
cal symptoms of vitamin A deficiency 
usually appeared before the reproductive 
performance of a bull was lowered. Some 
of the bulls even continued to breed 
after they had become blind because of 
vitamin A deficiency. 

After 5 to 6 months of age, when a 
bull calf should be separated from the 
heifers, he should have a somewhat 
larger amount of concentrates than a 
heifer. This is because a young bull 
makes more rapid gains than a heifer 
and consequently needs more nutrients. 

If well grown, a bull should be suffi- 
ciently mature for very light service at 
10 to 12 months of age, but not more 
than 1 or 2 services in any one week 
should be permitted until he is 2 years 
old. 
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The bull should be halter broken as 
a calf, and at about 1 year of age should 
have a stout ring inserted in his nose. 
When he is about 2 years old this should 
/be replaced by a larger one, and the 
ring must never be allowed to wear 
thin. He should be so handled from calf- 
hood that he will recognize man as his 
, and he should never be given an 
to learn his great strength, 
fences should always be so 


dairy cows. 106 Based upon these experi- 
ments, feeding standard recommenda- 
tions for total digestible nutrients were 
proposed, which are followed in the feed- 
ing standards given in Appendix Table 
III of this volume. 

In these New York trials, the bulls 
needed about 0.4 to 0.5 lb. of concen- 
trate mixture daily per 100 lbs. live 
weight, along with 0.9 to 1.0 lb. of hay 
per 100 lbs. weight. When fed only as 


New York Dairy Cattle Breeding Center 


Airplane view of the Dairy Cattle Breeding Center at Cornell University, conducted 
cooperatively by the New York Artificial Breeders Cooperative, Incorporated, and the Animal 
Husbandry Department of the University. Laboratory and office building at left, one-story 
bull barns in center, and paddocks at extreme right. Semen produced Wre is distributed 
state-wide to local Artificial Breeding Associations, which breed over one-fourth of all the 
dairy cows in the state. 


strongly built that there is no possibility 
of his learning how to break loose. 

1156. Feeding the bull in service. — 
The bull in service should be fed good 
roughage and sufficient concentrates to 
keep him in thrifty condition, but not 
fat. 

It was found in a New York experi- 
ment that to maintain the weights of 
bulls in heavy service satisfactorily, 8 to 
11 per cent more total digestible nutri- 
ents were required than the higher set 
of recommendations made in the Morri- 
son standards for the maintenance of 


much total digestible nutrients as re- 
quired to maintain dry dairy cows, the 
bulls lost weight, but the volume or qual- 
ity of the semen was not lowered in 90- 
day periods. 

Good legume hay or mixed legume- 
grass hay is unexcelled as roughage for 
bulls. When hay is the only roughage, 
15 to 20 lbs. a day is usually fed, de- 
pending on the size of the bull. 

Opinions differ concerning the feed- 
ing of silage to bulls in service. Some 
advise feeding no more than 10 to 15 
lbs. of silage a day, and believe that a 
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large amount tends to make a bull 
paunchy, so that he will be clumsy and 
slow at service. However, in recent 
Pennsylvania and Wisconsin trials bulls 
have been fed as much as 4 lbs. of hay- 
crop silage per 100 lbs. live weight with 
no impairment of breeding ability or 
quality of semen. 107 In the Wisconsin 
test bulls were maintained in satisfactory 
breeding condition on 45 lbs. of silage 
and 25 lbs. of alfalfa-bromegrass hay per 
head daily, without any concentrates. 

Pasture is excellent for bulls, and 
if a safely fenced pasture paddock can be 


umes but containing 8.9 per cent protein. 
Similar results were secured in a New 
Jersey experiment, 74 

Differing from the opinions of cer- 
tain Russian investigators, 109 it seems saf$ 
to conclude that when bulls are fed 
reasonably good roughage, the quality of 
protein in the concentrate mixture is not 
important. In a New York experimeoj 
with 18 bulls used in artificial insemjjfl| 
tion, bulls fed timothy hay as the 
roughage produced about as muc^fiBj 
as good semen with" corn gluten fee<S*§8 
the only protein supplement, as when 



Safety Bull Pen with Breeding Chute and Breeding Rack 

This bull pen is equipped with a breeding chute and a breeding rack at the right, next 
to the shed, so that it is not necessary to handle the bull at time of service. The bull can 
exercise at will in the strongly-fenced pen. Note the steel oil drum in the pen near the corner. 
The bull plays with this and bunts it about, thus getting more exercise. (From Goodman, 
New York State College of Agriculture, Cornell University. ) 


provided, the cost of feed during the 
growing season can be thus reduced. 
However, experiments have shown that 
the semen production is as good from 
bulls fed good hay, without pasture, as 
when pasture is furnished. 108 

A bull does not need nearly so much 
protein in his ration as a high-producing 
cow in milk, and should be fed the same 
sort of concentrate mixture as is used 
for dry cows or growing heifers. In a 
New York experiment it was found that 
a concentrate mixture having only 12 per 
cent of total protein was just as satisfac- 
tory as one higher in protein, when fed 
with good-quality mixed grass-and-leg- 
ume hay having only 10 per cent leg- 


better-quality protein was provided by 
dried skimmilk or soybean oil meal. 110 

There is no need to feed a complex 
concentrate mixture to bulls, or to add 
vitamin supplements or a complex min- 
eral mixture to ordinary good rations. In 
a New Jersey experiment one group of 
bulls was fed a very simple concentrate 
mixture with mixed timothy-and-clover 
hay of average quality from the age of 
18 months until they were about 3 years 
old. 111 Another similar group was fed a 
very complex concentrate mixture with 
the same kind of roughage. 

The simple mixture consisted of 
ground yellow corn, corn gluten meal, 
dried beet pulp, and cane molasses, with 
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1 per cent iodized salt. This mixture had cided physical symptoms of the defi- 
only 12 per cent total protein. Also, the ciency before semen production is im- 
protein in the mixture would be of poor paired. 112 

quality for non-ruminants. In another New York experiment 

The complex mixture contained there was no benefit from adding to an 
corn, oats, linseed meal, soybean oil meal, ordinary ration for bulls heavily used in 
wheat bran, dehydrated alfalfa, cane mo- artificial insemination, either wheat germ 
lasses, limestone, bone meal, dried brew- oil as a vitamin E supplement or shark 
ers* yeast, fish liver oil, irradiated yeast, liver oil as a vitamin A supplement. 113 
Igd a mineral supplement supplying In other experiments there has been no 
■piganese, iron, copper* and cobalt. It advantage in adding dehydrated young 
Ris\ supplied protein that would be of grass or sprouted oats to rations for 
better quality for • non-ruminants, and bulls. 114 



Electric Bull Exerciser 

In this electric bull exerciser at the New York Dairy Cattle Breeding Center, 6 bulls are 
exercised at a time. ( From New York State College of Agriculture, Cornell University. ) 

also contained special calcium, phospho- The results of these experiments 

rus, trace mineral, and vitamin supple- agree with the results previously sum- 
ments, marized that have been secured in ex- 

The bulls did not grow quite so periments with dairy cows and dairy 
rapidly on this complex concentrate mix- heifers. The data indicate that for dairy 
ture as on the simple one. Also, feeding cows, heifers, or bulls high-quality pro- 
the complex mixture did not make any tein is not needed in the concentrate 
appreciable difference in the quality of mixture when roughage of ordinary good 
semen produced. The feed cost for the quality is fed. Also, special mineral and 
bulls fed the complex mixture was about vitamin supplements are not needed, un- 
50 per cent greater than for those fed less the roughage is actually deficient in 
the simple mixture. a mineral nutrient or in carotene. 

New York experiments showed that 1157. Care of the bull in service, — 

a deficiency of vitamin A in a ration for Except perhaps in unusually cold cli- 
mature bulls must be so serious and so mates, the best quarters for a bull are a 
long-continued that it will produce de- well-built open shed with an adjoining 
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roomy paddock where he may exercise. 
This should be constructed as a “safety 
bull pen,” with breeding chute and breed- 
ing rack so arranged that the necessity 
of handling the bull at time of service is 
eliminated. In such quarters a mature 
bull, even a vicious one, can be used in 
safety. 

Though this open-air treatment is 
admirable for the health of the animal, 
it results in a heavier and rougher coat 
of hair, and hence breeders offering ani- 
mals for sale usually prefer to keep the 
bulls in comfortable box stalls, turning 
them out only on fair days. Rather than 
confine the bull in isolation, it is well to 
have his stall so located and built that he 
can see the other members of the herd. 
The hoofs of a bull spending most of his 
time in the stall need regular trimming. 

Louisiana experiments show that 
continued very hot weather greatly re- 
duced the quality of semen and the fer- 
tility of bulls. 115 

It is generally advised that to keep 
a bull healthy and a sure breeder he 
should have plenty of exercise. No ex- 
perimental results are available to show 
the effects of no exercise in consecutive 
years upon bulls confined to stalls. In a 
recent Michigan 6-month test there was 
no appreciable advantage from exercis- 
ing confined bulls on a mechanical exer- 
ciser daily, except Sundays, but in other 
experiments exercise has been benefi- 
cial. 119 

Some dairymen who have two or 
more dehorned bulls turn them into one 
paddock, where they get plenty of exer- 
cise tussling with each other. Others ex- 
ercise the bull on a tread power, where 
he may run the separator, pump water, 
do other useful work, or run the power 
for exercise only. Still others fix a long 
sweep on a post and tie the bull to it, 
so he will walk around in a circle. 

Another device is a light cable 
stretched between two high posts, the 
bull being attached to it by a sliding 
chain so that he is able to walk back and 
forth along the cable. Electric bull exer- 
cisers, which are motor driven devices that 
lead bulls in a circular path, are conven- 
ient for breeders having several bulls. 



Qr-dy. 

f^Tgrom the standpoint of safety it is 
alw^ desirable to dehorn the bull. Of- 
ten breeders dislike to do this, because 4 
in the opinion of some it detracts from 
the appearance of the animal. In reach-* 8 
ing a decision on this point one should 
bear in mind that many men have been 
killed by bulls with horns, who might 
have otherwise escaped. 

A bull should always be hand 
with a strong, safe staff attached t 
ring in his nose. Even with a 
peaceable bull, safety lies only in 
dling him without^ displaying fear 
yet watching him -carefully every min- # 
ute. Nearly all the accidents occur with 
“quiet” bulls that have been too much 
trusted. 

A good sire should be retained in 
the herd until it is necessary to make a 
change to prevent inbreeding. If he has 
proved to be a desirable sire and if he 
is still potent, he should be sold to some 
other breeder. No commoner mistake is 
made than discarding a likely bull at 
3 to 4 years of age, before his heifers 
have come into milk to demonstrate how 
valuable a sire he may be. 

QUESTIONS 

1. State 5 essentials in rations for raising 

dairy cattle. 

2. Discuss the protein requirements of dairy 

calves, considering both amount and 
quality of protein. 

3. What has been found out concerning the 

need for fat? 

4. State the importance of each of the fol- 

lowing minerals for young dairy cat- 
tle: (a) Salt; (b) calcium; (c) phos- 
phorus; (d) iodine; (e) other trace 
minerals. 

5. How can the vitamin A needs of dairy 

calves be readily met? 

6. Under what conditions should a vitamin 

D supplement be fed? 

7 . Discuss the needs for other vitamins. 

8. Has tlie use of vitamin pills or capsules 

been beneficial? 

9. What have experiments shown concern- 

ing the use of (a) antibiotic feed sup- 
plements; (b) surfactants; (c) arsonic 
supplements? 

10. Would you use cud inoculation in rais- 

ing dairy calves? 

11. Discuss the importance of water for 

dairy calves. 



RAISING DAIRY CATTLE 


.."is 


, State the important points in carigg jlr a 
calf after birth. 

Discuss the housing of dairy calves. 

Tell how a dairy calf is started on whole- 
milk feeding. 

What is the advantage and the disad- 
vantage of nipple pails? 

What sort of concentrate mixtures should 
be used for calves fed whole milk? 

Discuss the importance of good-quality 
hay for calves. 

i Discuss the use of silage for calves; of 

|* pasture. 

prescribe the method of raising calves on 
skim milk, stating the sort of concen- 
trate mixtures that are most economi- 
cal for feeding with skimmilk. 

Discuss the use of the following for rais- 
ing dairy calves; (a) buttermilk; (b) 
whey; (c) reconstituted milk. 

Describe the “nurse-cow method” of rais- 
ing cows.' . 

Describe the raising of calves on a dry 
calf starter and a minimum amount of 
whole milk. 

What sort of a formula should be used 
for a calf starter? 

What is the advantage of the calf-starter 
method over the feeding of a gruel? 

With the present price received ror milk 
in your area, is the use of a milk re- 
placer economical? 

Discuss the nutrient requirements of 
dairy heifers. 

What roughages and what concentrates 
are used most commonly for heifers in 
your region? What improvements can 
you suggest in the usual methods of 
feeding heifers? 

Describe; (a) The feeding of heifers 
from 6 to 12 months of age; (b) the 
feeding of heifers over one year of 
age. 

Discuss the age for first calving of heif- 
ers. 

About how much should a Holstein 
heifer weigh at 1 year of age; a Jersey 
heifer? 

Discuss the cost of raising heifers. 

How would you select a bull to head a 
herd of high-producing grade cows? 

State the most important points in the 
feed and care or a young bull 

Discuss the feed and care of the bull in 
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CHAPTER XXVIII 

GENERAL PROBLEMS IN BEEF PRODUCTION 


I. Nutrient Requirements of 
Beef Cattle 

1158. Modern beef production re- 
quires scientific feeding. — Beef cattle in 
this country must now be fed more scien- 
tifically than a generation ago, because 
most of those fattened for our markets 
are much younger. Since they are still 
growing rapidly in protein tissues and 
skeleton, they need a more liberal sup- 
ply of protein and minerals than do older 
cattle. Also, they are more apt to suffer 
from a lack of vitamins. In these modern 
methods of beef production, scientific 
feeding is necessary to avoid deficiencies 
and to secure efficient results. 

Years ago, beef cattle were com- 
monly raised to the age of 2 or 3 years 
before they were fattened for market. 
They made most of their growth on 
cheap pasture and were usually carried 
through the winters on roughage without 
any concentrates whatsoever. These well- 
grown cattle, 2 years old or more, were 
brought from the western ranges or other 
pasture districts to sections of the coun- 
try where grain was cheaper, and there 
fattened for market. 

Now, the cattle raised for beef on 
farms in the corn belt and eastward are 
generally fattened as they grow. Such 
cattle are fattened for marketing at 10 to 
18 months of age as “baby beeves” or 
“fat yearlings.” Some are even sold for 
slaughter at weaning time or soon after- 
wards as “heavy fat calves.” 

On the western ranges, where three- 
fourths of our beef cattle are produced, 
a considerable proportion of the calf crop 
is now marketed as feeder calves. These 
are fattened for market in the corn belt 
and other grain-growing regions by one 
of the methods described later. Except 
for the heifers needed for replacements 
in the breeding herds, most of the rest 
of the young cattle in the range districts 


are sold as yearlings in the fall oi« the. 
following year, instead of being grow 
under range conditions to 2 years of a 3 
or more. 

The pronounced change in the 
at which beef cattle are markete 
slaughter has come about because 
factors: First, consumers desire r|ith 
small cuts of beef and want beef which 
is tender and has . a minimum of waste 
fat. Second, as is shown later in this 
chapter, cattle fattened when young pro- 
duce much more economical gains than 
those which are older. (1195) 

1159. Nutrient requirements of vari- 
ous classes of cattle. — Before discussing 
in detail the requirements of beef cattle 
for the various nutrients, let us consider 
the differences in the general require- 
ments for the various classes of beef 
cattle. 

The nutrient needs of beef breed- 
ing cows are far different from those of 
dairy cows, for their milk yields are much 
lower. Also, they are usually dry during 
the winter and produce their milk while 
on pasture. It is shown in the next chap- 
ter that beef cows may be wintered en- 
tirely on roughage, if it is of fairly good 
quality and if enough legume forage is 
fed to meet their limited need for pro- 
tein. (1211) Normally, beef cows need 
no concentrates during the pasture pe- 
riod. 

When calves or yearlings are being 
carried through the winter to be fat- 
tened later, they may likewise be fed en- 
tirely or chiefly on roughage, if it is of 
good quality. As is shown in the next 
chapter, whether or not it will be profit- 
able to feed grain in addition to good 
roughage will depend on the method of 
fattening that is to be followed. 

The requirements for fattening cattle 
are much different from those for breed- 
ing cows or for wintering young stock. 
To enable fattening cattle to make rapid 




GENERAL PROBLEMS IN BEEF PRODUCTION 


gains, they must receive rations rich in 
digestible nutrients and net energy. Ex- 
cept when grain is unusually high in 
price compared with roughage, a liberal 
amount of grain should generally be fed 
to cattle being fattened in dry lot. Un- 
less this is done, they will make less rapid 
o'aim and will not reach as good a finish. 

with calves and yearlings, 
cannot be expected unless 
ration provides ample protein, min- 
and vitamins. 


carotene needed per head daily by the 
various classes of beef cattle. 

As a guide in selecting efficient ra- 
tions for the different classes of beef cat- 
tle, example rations, adapted to various 
conditions, are given in Appendix Table 
VII. In the paragraphs which immedi- 
ately precede the example rations in this 
table, the changes are indicated which 
can be made to adapt the rations to lo- 
cal conditions. Additional information 
concerning desirable rations for various 


Young Cattle Need Ample Protein, Minerals, and Vitamins 

Cattle fattened for market when young need a much more liberal supply of protein, 
minerals, and vitamins than do older cattle. 


1160. Feeding standards and ex- 
ample rations. — The nutrient require- 
ments of beef cattle of the various ages 
and classes are shown in the feeding 
standards presented in Appendix Table 
III. These state the amounts of dry mat- 
ter, digestible protein, and total digest- 
ible nutrients recommended per head 
daily for cattle of various weights. For 
the computation of rations on the net 
energy basis, net-energy recommenda- 
tions are also given. These net-energy 
figures are not used when rations are 
computed on the basis of total digestible 
nutrients. The standards also include the 
amounts of calcium, phosphorus, and 


classes of beef cattle is given in Chapter 
XXIX. 

The recommendations made in the 
feeding standards presented in this vol- 
ume are based chiefly on studies by the 
author of the many experiments con- 
ducted by the American experiment sta- 
tions to study the requirements of beef 
cattle. Careful consideration has also 
been given to the recommendations made 
by a special committee of the National 
Research Council in their report on “Rec- 
ommended Nutrient Allowances for Beef 
Cattle.” 1 

In the report of this committee the 
amounts of feed recommended per head 
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daily are given in terms of air-dry feed, 
instead of dry matter. The author pre- 
fers to state the allowances in terms of 
dry matter, because of the considerable 
differences in dry-matter content of such 
feeds as hay or cured fodder in humid 
and semi-arid districts. Also, in the re- 
port of this committee, a range is not in- 
dicated in the requirement for the vari- 
ous nutrients. For the reasons that have 
been pointed out previously, the author 
prefers to show a range in the amounts 
of dry matter, digestible protein, and 
total digestible nutrients or net energy. 
(317) 

1161. Amounts of protein required. 

— Numerous experiments have proved 
that fattening cattle and other beef cat- 
tle do not need nearly so much protein 
as was recommended in the Wolff-Leh- 
mann and other old feeding standards. 
This fact is of great financial importance 
in beef production, because protein sup- 
plements ordinarily cost much more per 
ton than grain. 

Many feeding trials have been con- 
ducted by the experiment stations to find 
whether or not a protein supplement is 
needed to balance various rations for fat- 
tening cattle. In other experiments the 
results have been determined from feed- 
ing different amounts of protein supple- 
ments in practical rations for fattening 
cattle. Less information is available con- 
cerning the protein requirements for 
beef breeding cows or for wintering 
young beef cattle. Because of the limita- 
tions of space, the many experiments 
bearing on the protein requirements can- 
not be reviewed here. Only certain gen- 
eral conclusions can be given. 

The amounts of protein recom- 
mended in the Morrison standards are 
based chiefly on studies by the author of 
the experiments on this subject. These in- 
clude trials over several years by the au- 
thor and associates to determine the pro- 
tein requirements for fattening yearling 
cattle. 2 

No smaller amounts of digestible 
protein are recommended in these stand- 
ards than have actually been proven to 
give good results under practical farm 


conditions. In certain other feeding stand- 
ards for beef cattle, smaller amounts of 
protein have been recommended for 
some classes of cattle, largely on theo- 
retical grounds rather than on the results 
of actual feeding requirements. The au- 
thor prefers to follow a conservative ^ 
policy in all feeding standard recom- A K| 
mendations and to base his advice on th&gBm 
results of experiments conducted 

Feeding somewhat less prote^HB',^?; 
fattening animals than advised iwH9HHp 
standards will not produce any 
effects. It may even be economical 
protein supplements are very expe^^ej*V^ v 
in comparison with -grain. It is believed, 
however, that if the protein supply is re- 
duced much, the gains are apt to be les- 
sened, and more feed required per 100 
lbs. gain. Also, there will be a tendency 
for the cattle to sell at a lower price, be- 
cause of less satisfactory finish. 

1162. When is a protein supple- 
ment needed? — The protein content of 
the roughage will chiefly determine 
whether a protein supplement is re- 
quired, and also the amount advisable, if 
one is needed. Legume hay, legume si- 
lage, legume pasture, and even young, 
actively-growing grass pasture are all so 
rich in protein that fattening cattle make 
good gains on plenty of such roughage 
with corn or other grain, without any 
protein supplement. 

In rations for fattening cattle the 
kind of grain is also an important factor. 

A supplement may be needed when cat- 
tle are fattened on corn or other low-pro- 
tein grain, while no supplement may be 
required if the grain is oats, wheat, or 
barley, which have more protein than 
corn. The example rations given in Ap- 
pendix Table VII show when a protein 
supplement is needed for the various 
classes of beef cattle, and also the ap- 
proximate amounts required to balance 
the ration. 

If the roughage for fattening cattle 
is entirely non-legume, such as corn or 
sorghum silage, grass hay, or com fod- 
der, good results cannot be secured with- 
out a protein supplement. Also, a pro- 
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tein supplement is needed when beef 
breeding cows or young cattle are win- 
tered on such roughage. 

Several experiments have shown the 
• • importance of adding a protein supple- 
ment to a protein-poor ration for fatten- 
ing cattle. 3 The addition of the supple- 
ment not only greatly increases the rate 
>f gain, but it also reduces the amount of 
ited required per 100 lbs. gain and raises 
■ selling price of the cattle. When care 
■been to feed no more protein supple- 
■Bthan is actually needed to balance 
J^^ation, each 100 lbs. of such a sup- 
mt as linseed meal, soybean oil 
mepJ, or cottonseed meal will be equal 
in value to 250 to 300 lbs. of grain or 
grain equivalent. This value considers 
not only the saving in amount of feed 
per 100 lbs. gain, but also the higher sell- 
ing price, because of better finish. 

1163. Adding a protein supplement 
to grain and legume forage. — Whether 
it will pay to add a protein supplement 
to a ration of grain and legume forage 
for fattening cattle will depend on the 
amount of legume forage actually eaten, 
on the protein content, and on the age of 
the cattle. 

Good alfalfa hay provides plenty of 
protein when 2-year-old cattle are full- 
fed corn grain and such hay. The same 
is true of soybean hay and cowpea hay, 
which have about as much protein as 
does alfalfa. For example, the addition 
of linseed meal or cottonseed meal to 
corn and alfalfa hay in Nebraska trials 
did not increase the gains of 2-year-old 
steers, raise the selling price, or reduce 
the feed required per 100 lbs. gain. 4 

Younger fattening cattle need some- 
what more protein for maximum gains. 
Hence, the addition of a protein supple- 
ment to a ration of corn and a liberal 
amount of alfalfa hay will usually in- 
crease the gains of calves and yearlings 
a trifle. However, the saving in amount 
of feed required per 100 lbs. gain will 
not generally be enough to give the sup- 
plement a much higher value than corn 
per ton. For example, in 7 experiments 
calves fed only com and alfalfa hay ate 
an average of 13.3 lbs. corn and 6.3 lbs. 


alfalfa hay a day and made the very sat- 
isfactory gain of 2.28 lbs. per head daily. 5 
Others fed 1.1 lbs. a day of linseed meal 
or cottonseed meal in addition gained 
2.38 lbs. On the average, however, each 
100 lbs. of protein supplement saved 
only 73 lbs. com and 60 lbs. hay. Under 
usual price conditions, it did not pay to 
feed the supplement. 

When calves or yearlings full-fed on 
corn eat less than 4 to 6 lbs. a day of al- 
falfa hay, there will be more advantage 
from adding a protein supplement. Thus, 
in 3 Nebraska trials with yearlings, the 
addition of 1 lb. of cottonseed meal per 
head daily to a ration of 13.9 lbs. corn 
and 4.2 lbs. alfalfa hay increased the 
gain from 2.22 lbs. a day to 2.38 lbs. 0 
Each 100 lbs. of cottonseed meal saved 
131 lbs. corn and 40 lbs. of hay. 

When cattle are full-fed corn with 
alfalfa hay as the roughage, the benefit 
from adding a protein supplement is 
greatest during the latter part of the fat- 
tening period, as they then eat less hay 
and more corn. Also, the protein supple- 
ment helps keep them on full-feed, when 
their appetites might otherwise lag. 

When red clover or lespedeza hay is 
fed with corn to fattening cattle, there 
is more advantage in adding a protein 
supplement, because these hays are lower 
than alfalfa in protein. A ration of red 
clover hay and com does not supply 
quite enough protein for the best results 
in fattening even 2-year-old cattle. For 
example, in 5 experiments 2-year-old 
steers fed an average ration of 18.7 lbs. 
shelled corn and 9.9 lbs. clover hay made 
the fairly satisfactory gain of 2.08 lbs. a 
day. Adding a protein supplement in- 
creased the gain to 2.38 lbs., on the aver- 
age. 7 

When the grain fed with legume 
hay is barley, wheat, or oats, there is less 
need of adding a supplement than with 
com, because of the higher protein con- 
tent of these grains. 8 

1164. Supplement needed with 
part non-legume roughage. — When leg- 
ume hay or legume silage forms only 
part of the roughage for fattening cattle, 
the amount of protein in the ration is 
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correspondingly decreased and the need 
of a supplement is greater. The amounts 
of supplement needed for various com- 
binations of roughages and grain are in- 
dicated in the example rations given in 
Appendix Table VII. The exact amount 
required in any particular ration can 
readily be found by computing a ration 
which is balanced according to the 
feeding standards. 

When fattening cattle are fed all 
the corn or sorghum silage they will eat 


increased the daily gain from 2.01 lbs. 
to 2.29 lbs. and raised the selling price 
42 cents per 100 lbs. 9 (In 6 of the trials 
the calves were fed a mixture of corn 
and oats while they were being started 
on feed.) In each of the tests the net re- 
turn per head over feed costs was greater 
for the supplement-fed calves, the aver- 
age net return being $2.75 more. In * T 
experiments each 100 lbs. of linseed 
was worth as much as 230 lbs. of 
grain, considering all factors. 


A Protein Supplement Is Needed with Corn Silage 

When fattening cattle are fed corn or sorghum silage, a protein supplement is needed 
to balance the ration. 


in addition to hay and corn ^)r other 
grain, the silage is so palatable that they 
will generally eat but 2 to 4 lbs. of hay 
a day, even when it is legume hay of 
good quality. This small amount of leg- 
ume hay is insufficient to balance the ra- 
tion fully, and therefore the gains will 
be increased considerably if a supple- 
ment is added. 

A protein supplement is especially 
needed in such a ration for fattening 
calves, because of their higher protein 
requirements. For example, in 8 experi- 
ments the addition of 1.5 lbs. per head 
daily of linseed meal or cake to a ration 
of corn grain, corn silage, and alfalfa hay 


Similar results were secured in trials 
with fattening calves in which 0.9 lb. 
cottonseed meal per head daily was 
added to a ration of corn grain, sorghum 
silage, and alfalfa hay. 10 In these trials 
each 100 lbs. of cottonseed meal was 
worth as much as 287 lbs. of corn, 

A ration of com grain, corn silage, 
and alfalfa hay is more nearly balanced 
for older cattle. In 6 experiments the ad- 
dition of 2.3 lbs. per head daily of pro- 
tein supplement to this ration for fatten- 
ing 2-year-old steers increased the daily 
gain from 2.22 lbs. to 2.34 lbs. 11 A greater 
amount of protein supplement was fed 
in these trials than later experiments have 
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shown to be necessary. Partly because of 
this, the use of the supplement was not 
proiitable. It probably would have paid 
to feed 0.50 to 0.75 lb. of supplement 
per head daily. 

With red clover or mixed hay in place 
of alfalfa hay, fed along with corn silage 
and com grain, a protein supplement is 
ceded even for 2-year-old cattle. Thus, 
14 trials the addition of cottonseed 
or linseed meal to a ration of shelled 
red clover hay, and corn silage in- 
d the daily gain of 2-year-old steers 
M lbs. to 2.5 lbs. 12 Also, the sell- 
ice of the cattle was raised 33 cents 
per hundredweight and the net return 
over cost of feed was greater. 

When a ration is deficient in pro- 
tein, it is important to add sufficient pro- 
tein supplement to balance it properly. 
This is well shown by 4 Oklahoma ex- 
periments in which fattening calves were 
full-fed ground corn and sorghum silage, 
with only 1 lb. of alfalfa hay per head 
daily. 13 Calves fed 1.5 lbs. of cottonseed 
cake gained 0.2 lb. more a day than 
others fed but 0.5 lb., yielded better- 
finished carcasses, and gave a 40 per cent 
higher net return. 

1165. Quality of protein. — For the 
reasons explained in Chapter V, the qual- 
ity or kind of protein is of nowhere near 
as great importance in feeding beef cat- 
tle as it is for swine or poultry. (112) 
When beef cattle are fed even a rather 
limited amount of legume roughage, the 
ration will usually provide protein of ade- 
quate quality. On the other hand, if the 
ration contains little or no legume rough- 
age, and especially if the roughage is of 
poor quality, attention should be given 
to the quality of protein supplied by var- 
ious protein supplements. 

Experiments have shown, for ex- 
ample, that corn gluten meal is decid- 
edly less efficient than such supplements 
as linseed meal, soybean oil meal, or 
cottonseed meal in balancing a ration of 
grain and non-legume roughage for fat- 
tening cattle. (715) In such rations this 
com by-product should therefore be com- 
bined with supplements that provide pro- 
tein of better quality. 

Differing from the results with cat- 


tle full-fed on corn grain, corn gluten 
meal has been fully equal to linseed meal 
or soybean oil meal when 1 lb. of sup- 
plement per day has been added to sor- 
ghum silage for wintering beef calves or 
yearlings. This may indicate that al- 
though sorghum forage is low in protein, 
the quality of the protein is better than 
that of corn grain. 

For beef cattle protein supplements 
of animal origin — meat scrap, tankage, 
or fish meal — do not have the special 
value which they have for swine and 
poultry. (907, 922) It has been shown 
in Chapter XXIII that these animal by- 
products can be used satisfactorily for 
cattle, if they furnish protein more 
cheaply than do the supplements com- 
monly fed to cattle. However, they had 
best be mixed with better-liked supple- 
ments, for they are often not very palat- 
able to cattle. 

1166. Urea as a protein substitute. 
— Many experiments have been con- 
ducted during recent years to study the 
use of urea as a protein substitute for 
beef cattle. 14 The most extensive of these 
investigations are experiments by the 
Oklahoma Station with fattening calves 
and with calves, yearlings, 2-year-old 
steers, and mature cows being win- 
tered. 

As is stated in the general discussion 
in Chapter V concerning urea, it gives 
the most satisfactory results as a substi- 
tute for part of the protein when it re- 
places not more than about one-fourth of 
the protein in a ration, and when some 
grain is fed. ( 129) It is usually less effec- 
tive as a protein substitute when it re- 
places more of the protein. It generally 
does not equal an ordinary protein sup- 
plement, such as soybean oil meal or cot- 
tonseed meal, when used as a substitute 
for all of the protein supplement, es- 
pecially when fed without grain, but 
mixed with molasses or alfalfa meal. 

In 6 Oklahoma experiments fatten- 
ing calves were full-fed on ground corn 
and Atlas sorghum silage, with 1 lb. per 
head daily of alfalfa hay and 1 lb. of 
cottonseed meal or cake or else 1 lb. of 
pelleted mixed supplement in which 
urea replaced half of the cottonseed meal 
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or cake. 15 In these trials urea supplied 
about 13 per cent of the protein equiva- 
lent in the urea-pellets ration. On the 
average, the ration with the urea pellets 
produced just as rapid gains as did cot- 
tonseed meal or cake, and the selling 
price of the fat steers was as high. 

In contrast with these excellent re- 
sults with urea, the gains of fattening 
calves were unsatisfactory when pellets 
were used in which 85 per cent of the 
protein equivalent was supplied by urea. 
Also, pellets in which urea furnished half 
of the protein equivalent were inferior 
to cottonseed meal pellets as the supple- 
ment for heifer calves wintered on ma- 
ture and weathered native pasture. 

Florida experiments show that in a 
ration containing no grain, urea is not a 
perfect substitute for part of the pro- 
tein supplement usually fed. 16 In 4 trials 
fattening steers fed hay, dried citrus 
pulp, molasses, and cottonseed meal 
gained an average of 2.28 lbs. a day and 
required 433 lbs. total digestible nu- 
trients per 100 lbs. gain. When urea re- 
placed 40 per cent of the cottonseed 
meal, the daily gain was 2.18 lbs., and 
456 lbs. total digestible nutrients were 
needed per 100 lbs. gain. 

1167. Mixed protein supplements. 
— Some protein supplements, especially 
soybean oil meal or peanut oil meal, give 
excellent results when used as the only 
protein supplement for fattening cattle 
or for cattle being carried through the 
winter. This is because they furnish pro- 
tein of good quality. 

On the other hand, it has been 
shown previously that corn gluten meal 
or cottonseed meal is generally of lower 
value than linseed meal, when either is 
used for fattening cattle as the only pro- 
tein supplement to such a ration as corn 
grain, corn silage, and hay. (715, 831) 
However, a mixture of one-half cotton- 
seed meal and one-half linseed meal is 
fully equal to linseed meal. (832) 

Other combinations of protein sup- 
plements that have given excellent 
results for fattening cattle are 17 ; ( 1 ) One- 
third each of cottonseed meal, corn glu- 
ten meal, and linseed meal; (2) one- 
third each of cottonseed meal, linseed 


meal, and either soybean oil meal or 
ground soybeans; (3) one-fourth each 
of cottonseed meal, linseed meal, corn 
gluten meal, and soybean oil meal or 
ground soybeans. 

There is apparently more advantage 
in using such a mixture of protein sup- 
plements for fattening cattle which are jfB 
full-fed on grain and which consequentljJHB 
eat relatively little roughage, than 
cattle being wintered on roughage jJHgjft.’ 
a small amount of protein suppleiiJHH|H 
Thus, in Nebraska trials with beef 
being wintered on prairie hay, thei^^ ^Mp f 
no advantage in using a mixture 
bean oil meal, cottonseed meal, 
seed meal as the supplement, insteadSof / 
the single supplements. 18 The results 
were similar in an Oklahoma trial with 
steers being wintered on native grass pas- 
ture. 10 

In metabolism experiments with 
steers at the Oklahoma Station the pro- 
tein of a mixture of soybean oil meal, 
cottonseed meal, and peanut oil meal, 
used as the supplement to prairie hay, 
was not significantly better than the pro- 
tein of the single supplements. 20 

Even with very poor late-cut grass 
hay as the only roughage for fattening 
cattle in Ohio trials, soybean oil meal 
gave as good results as a mixture of soy- 
bean oil meal and meat scrap. 21 

In later articles the use is discussed 
of complex mixed supplements contain- 
ing not only a protein supplement, but 
also such ingredients as alfalfa meal, mo- 
lasses, vitamin supplements, and min- 
erals, including trace minerals. (1178) 

Some of these mixed supplements are 
much lower in percentage of protein than 
the common oil meals. 

1168. Mineral requirements. — Beef 
cattle should always be supplied with salt 
regularly, except in the few areas where 
the forage or water contains an unusual 
amount (140) Whether or not there will 
be any benefit from the use of a cal- 
cium or phosphorus supplement will de- 
pend entirely on the amounts of these 
minerals in the particular ration, as is 
shown later. The amounts of calcium and 
phosphorus advised per head daily for 
the various classes of beef cattle are 
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stated in the revised Morrison feeding 
standards. (Appendix Table III.) 

Wherever there is trouble from goi- 
ter, or ‘"big neck,” in calves at birth, io- 
dized salt should be supplied the breed- 
ing cows, at least during the latter part 
of the pregnancy period. (170) In areas 
where there is a deficiency of one or more 
pf the trace minerals — cobalt, copper, or 
n — the lack should be corrected by 
use of a special mineral supplement, 
using trace-mineralized salt instead 
immon salt. (172-181) 

'here is no need of adding to the 
rations for beef, cattle any other 
rals, such as. ’.sulfur, potassium, or 
t. 22 Also, the addition of kelp to usual 
rations is not beneficial. (977) 

1169. Salt. — Beef cattle should re- 
ceive salt regularly, and the best method 
is to provide it where they can take what 
they wish, instead of salting them only 
once or twice a week. 

The need by cattle for salt (sodium 
chloride) is commonly to furnish addi- 
tional sodium. 28 Any ordinary ration ap- 
parently supplies enough chlorine. 

Studies of the salt requirements for 
beef cattle have recently been conducted 
by the Kansas Station, with the aid of 
the Salt Producers Association. 24 These 
experiments show that cattle being 
wintered mostly on roughage are evi- 
dently benefited much more by supply- 
ing salt, than are fattening cattle full-fed 
on grain and eating much less rough- 
age. 

In 3 trials beef calves wintered on 
roughage and a small amount of pro- 
tein supplement, with no salt supplied, 
gained an average of 40 lbs. per head 
less than did others receiving salt. The 
addition of salt slightly increased the 
digestibility of the ration and produced 
much cheaper gains. In contrast with 
these results, in 3 trials fattening calves 
full-fed grain and furnished no salt, 
gained about as rapidly as others sup- 
plied salt. 

It is not advisable to mix salt with 
the concentrates for beef cattle, instead 
of allowing them to take as much as they 
desire. In an Arizona experiment fatten- 
ing cattle allowed access to salt gained 


2.58 lbs. per head daily, while others 
gained only 2.30 lbs. when a supposedly 
proper amount of salt was included in 
the concentrate mixture. 24 * 

For feeding where the salt is not 
exposed to the weather, loose salt, block 
salt, and rock salt are all satisfactory. 
Loose salt is not desirable for feeding in 
the open, because of the great loss 
through weathering. Cattle prefer the 
softer kinds of block salt to that which 
is very hard, and they usually eat some- 
what more salt when fed loose salt than 
when supplied with block salt. 

In Iowa experiments over several 
years, cattle fattened in dry lot with shel- 
ter ate an average of about two-thirds 
pound of block salt per head per 
month. 25 Where salt is in the open, about 
twice this amount must be supplied, to 
allow for wastage. In these tests the re- 
sults were equally good from feeding 
block salt and loose salt. 

Cattle on pasture consume much 
more salt than those fed in dry lot, and 
they eat more in spring and early sum- 
mer, when the forage is abundant and 
succulent, than later in the season. In a 
Kansas test yearling and 2-year-old steers 
on pasture consumed about 2.8 lbs. of 
block salt per head in July, 1.8 lbs. in 
August, and 1.2 lbs. in September and 
October. 26 Nearly equal amounts were 
lost by weathering of the salt blocks. In 
another Kansas test, when a salt mixture 
was fed which was advertised as repel- 
ling flies from cattle, no such effect was 
noted. 27 

Under range conditions a total of 
about 20 to 30 lbs. of salt is usually pro- 
vided for each cow during the year, 2S 
The salt allowance should be from 2.0 to 
2.5 lbs. per head a month, when the feed 
is succulent or when the cattle are sub- 
sisting largely on browse. Later in the 
season, 1.0 to 1.5 lbs. per month are 
usually sufficient. 

1170. Self-feeding a mixture of pro- 
tein supplement and salt. — In order to 
save labor, instead of feeding a protein 
supplement each day to beef cattle on 
range or pasture, a mixture of the pro- 
tein supplement and salt is often self -fed. 
The proportion of salt is adjusted so the 
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cattle will eat the desired amount of pro- 
tein supplement a day. ( 142 ) 

As is pointed out in Chapter V, it is 
essential in this method that the cattle 
have access to plenty of water, con- 
veniently available, so that they can 
get rid of the excess salt in the mine. 
Otherwise, there may be injury or even 
death loss. Beef cows have consumed a 
surprising amount of salt (over 2 lbs. 
per head daily) for long periods with- 
out injury, if they were able to get plenty 
of water. 

Several studies have been made of 
this method. 29 Usually, the feed cost will 
be higher than when the proper amount 
of protein supplement is fed once a day, 
or when double the amount is fed every 
other day, and the gain in weight may 
not be quite so good. The saving in labor 
may fully offset these factors. 

In beginning to use this method, at 
first the cattle shoirld be hand-fed a mix- 
ture of 1 part of salt to 5 or 6 lbs. of 
protein supplement. Then the proportion 
of salt should be increased until they will 
eat no more than the desired amount of 
protein supplement. A larger proportion 
of salt is needed with older cattle than 
with calves. Usually about 1 part of salt 
to 3 parts of protein supplement will 
limit the daily consumption of the sup- 
plement to 2 lbs., and 1 part of salt to 
2 lbs. of supplement will reduce the 
amount of supplement to 1 lb. a day. 

Recent tests indicate that gypsum, 
instead of salt, may be mixed with the 
protein supplement, to control the amount 
eaten. 

1171. Calcium— When legume hay 
or other legume forage forms any con- 
siderable part of the roughage for beef 
cattle, there is no lack of calcium. Con- 
sequently, there is no benefit from add- 
ing a calcium supplement like ground 
limestone to such rations. 30 

If little or no legume roughage is 
fed, there is much more apt to be a de- 
ficiency of calcium for fattening cattle 
than for breeding cows or young stock 
which are being wintered chiefly on 
roughage. This is because all the grains 
are much lower in calcium than even non- 
legume hay, fodder, or silage. Fattening 


cattle which are fed liberally on grain 
consequently eat only limited amounts of 
roughage. They therefore get much less 
calcium than do cattle being wintered 
mostly on roughage. ' 

Extensive experiments at the Kan* 
sas Station and also other trials have 
proved the importance of adding a v il- 
cium supplement to a fattening ration 
grain, non-legume roughage, and prof 
supplement. 31 In these experiments i 
tening cattle made decidedly smaller 
less economical gains on rations of 
protein supplement, and either scspOTj^S^P 
silage or sorghum silage and prairie 
for roughage, than they did when r$d a’ !#/ 
limited amount of alfalfa hay. Howev&r v _ 
when 0.1 lb. ground limestone or similar 
calcium supplement was added to the 
non-legume ration, the gains were nearly 
as rapid as when alfalfa was fed. The cat- 
tle fed the calcium supplement also had 
stronger bones, required less feed for 
100 lbs. gain, and yielded carcasses of 
higher slaughter grade. 

The results of these experiments do 
not mean that prairie hay or other grass 
hay was equal to legume hay in value per 
ton. A much greater amount of protein 
supplement is, of course, needed to bal- 
ance the ration when no legume hay is fed. 

If fattening calves eat only about 2 
lbs. or less of legume hay per head daily, 
along with a full feed of grain and corn 
or sorghum silage, plus a protein supple- 
ment, it is wise to add 0.05 to 0.10 lb. 
of calcium supplement to the ration. 32 
Such a small amount of legume hay may 
not provide quite enough calcium for 
calves, since they need more calcium in 
their feed than do older cattle. 

Whether there will be a benefit from 
feeding a calcium supplement to beef 
cows or young cattle that are wintered 
on non-legume roughage, will depend 
entirely on the calcium content of the 
roughage. Unless the forage has been 
grown on soil very deficient in calcium or 
unless it is of very poor quality, prob- 
ably a calcium supplement is not needed. 

If the supply of phosphorus in the 
feed is somewhat below the requirement, 
adding a calcium supplement when not 
required may be injurious, instead of 
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beneficial. 33 When one is in doubt as to from adding a phosphorus supplement 
whether to use a calcium supplement he to such a ration as corn or other grain, 
should therefore consult his experiment fed with roughage grown on fertile soil, 
station or county agent. It should be and with or without a protein supple- 
borne in mind that such a phosphorus ment. 36 In cases where a phosphorus sup- 
•upplement as bone meal furnishes twice plement has increased the gains, the im- 

j -s much calcium as phosphorus. provement has been slight. 

. w Limestone and bone meal ground so When feeds that are low in phos- 

J ^ at the y were fl° ur y g ave no bet- phorus form a considerable part of the 

| results than coarser products in re- ration for fattening cattle, there is apt to 

I JRsggR Nebraska and Tennessee studies. 34 be a lack of the mineral. A phosphorus 
I Phosphorus. — It has been supplement should therefore be supplied 

■* '^j^^^i asize d in Chapter VI that in many when considerable beet pulp, beet mo- 
>^W^ st ri|ts of this and other countries the lasses, or cane molasses is fed, or when 
j soil and consequently the forage grown the roughage comes from phosphorus- 

t on j/ are so low in phosphorus that severe deficient land. 37 

I ^phosphorus deficiency occurs in cattle. Whether a phosphorus supplement 

(150-155) In all such areas, if the phos- should be supplied beef cows or young 
phorus deficiency is not corrected by ap- cattle on pasture or range, or being win- 
plying phosphate fertilizer, it is very tered on harvested feeds, will depend en- 
important to supply a mineral mixture fur- tirely on the phosphorus content of the 

nishing phosphorus for cattle that are forage. In areas where there is no de- 

maintained entirely or chiefly on forage, ficiency of phosphorus in pasture or other 

A decided lack of phosphorus pro- forage, there is no benefit from a phos- 
duces the serious results described in phorus supplement. 38 On the other hand, 
Chapter VI. Also, Kansas experiments in phosphorus-deficient areas it is essen- 

show that cattle fattened on a phos- tial that a suitable phosphorus supple- 

phorus-deficient ration yield beef which ment be provided, 
is inferior in palatability and keeping Experiments on the King Ranch in 

quality, and has a higher shrinkage. 35 Texas show the importance of supplying 

j Fattening cattle are much less apt phosphorus for range cattle in such areas 

| to have an insufficient supply of phos- as Gulf Coast region of Texas, where 

phorus than are beef breeding cattle or there is a serious lack of phosphorus. 39 
young growing cattle. This is because Cows given no phosphorus supplement 
fattening cattle are generally fed a liberal averaged 200 lbs. lighter in weight than 
amount of grain. The cereal grains have those receiving phosphorus. About half 
more phosphorus than most hay, or than of them showed decided symptoms of 
corn or sorghum forage. Also, when phosphorus deficiency. Some became so 
grown on a soil low in phosphorus, the stiff and “creepy” that they were unable 
percentage of the mineral in grain will to rise without assistance, and a few died 
be fair, though the yield will be reduced. as a result of the deficiency. 

On the other hand, hay, pasturage, and Cows supplied with bone meal or 

other forage grown on phosphorus-poor given soluble phosphate in the drinking 
soil may be seriously deficient in phos- water remained in good condition, a 
phorus. If a ration for fattening cattle larger percentage had calves each year, 
contains, in addition to grain, 1 lb. or and the calves were decidedly heavier 
more per head daily of cottonseed meal, and in better condition at weaning time, 
linseed meal, wheat bran, or other pro- The results were still better where phos- 
tein supplement that is rich in phos- phate fertilizer was applied to the range 
phorus, the ration will generally have pasture. Because of the much greater 
enough phosphorus, unless the roughage yield of grass, the carrying capacity of 
is low in the mineral. this pasture was increased 50 per cent. 

In most of the experiments with fat- Also, the calves were heavier at wean- 
tening cattle, there has been no benefit ing time than in the groups of cattle fed 
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a phosphorus supplement on unfertilized 
pasture. 

In range areas, phosphorus defi- 
ciency is especially apt to occur when 
cattle must live during a considerable 
part of the year on mature, weathered 
grass and other forage, from which the 
phosphorus has been largely lost by 
weathering. (361) New Mexico experi- 
ments show that there may be a decided 
benefit from supplying a phosphorus sup- 
plement, even when the lack of phos- 
phorus is not serious enough to produce 
marked symptoms of deficiency. 40 In 
these tests the percentage calf crop was 
increased considerably and the weaning 
weights of the calves were decidedly 
raised when the range cows were sup- 
plied a phosphorus supplement through- 
out the year, instead of merely during 
the season when the range forage was 
mature and dry. 

Definite information concerning the 
minimum phosphorus requirements of the 
various classes of beef cattle is still very 
limited. In Idaho experiments it was 
found that rations for fattening cattle 
should have 0.18 per cent phosphorus to 
prevent any deficiency. 41 Such rations 
supplied about 20 grams (0.044 lb.) of 
phosphorus daily per 1,000 lbs. live 
weight. Phosphorus in grain or cotton- 
seed meal was as effective as phosphorus 
in bone meal in meeting the needs of cat- 
tle. (151) 

From Wyoming studies it was con- 
cluded that heifers raised under range 
conditions should receive at least 15 
grams of phosphorus daily per 1,000 lbs. 
live weight. 42 An allowance of 17 grams 
of phosphorus per head daily was suffi- 
cient through the first gestation and lacta- 
tion. 

Texas studies indicated that range 
forage was deficient in phosphorus if it 
contained less than about 0.16 per cent 
on the air-dry basis. 43 

1173. Supplying a phosphorus sup- 
plement — When a phosphorus supple- 
ment is needed by beef cattle, the best 
method of supplying it is generally to let 
them have free access to a suitable phos- 
phorus-rich mineral mixture in a mineral 
box or trough. Mineral mixtures that are 



adapted to various conditions are de- 
scribed in Chapter VI. (186) 

Information is also given in Chapter 
VI concerning the different phosphorus 
supplements. (158-167) A phosphorus 
supplement high in fluorine, such as rock 
phosphate or soft phosphate with cob 
loidal clay (colloidal phosphate), is not 
safe for continued feeding. ( 168-169 ) A 

1174. Trace minerals. — Fortuna|J| 
ly, for beef cattle in the greater p|j| 
of the United States there is no ladiR^j 
any of the trace minerals. SeveralSH 
periments have shown that where nErimSI 
is no such deficiency, there is no b?m&6t 
from supplying trace minerals by tamg* 
trace-mineralized salt instead of common* 
salt, or by including trace minerals in a 
mineral mixture. 44 

On the other hand, in an area where 
there is an actual deficiency of a trace 
mineral, especially cobalt or copper, the 
lack must be corrected, as explained in 
Chapter VI. (172-175) Otherwise, the 
results may be serious. 

Also, there may be a benefit from 
supplying beef cattle with trace minerals 
if the only roughage they get is of very 
poor quality, such as late-cut, mature hav 
or else straw, or if such a feed as ground 
corn cobs is used instead of hay and si- 
lage. 45 It is therefore wise to supply trace 
minerals in such cases, even in areas 
where there are no trace mineral defi- 
ciencies when cattle have good roughage. 

The need for a trace mineral supple- 
ment is therefore distinctly an area or 
an individual problem. Anyone in doubt 
as to whether there will be an advantage 
from using such a supplement should 
therefore secure impartial advice from his 
agricultural college, experiment station, 
or county agent. 

1175. Vitamin requirements. — The 
only vitamin that is important for beef 
cattle under usual conditions is vitamin 
A. This is discussed in detail in the fol- 
lowing article. 

Even when beef cattle receive no 
feeds containing appreciable amounts of 
vitamin D, they are generally protected 
against any lack because they are com- 
monly outdoors most of the daytime 
throughout the year. (201) 
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Vitamin D deficiency may occur if 
beef calves being fitted for show are 
kept in the stable during the day and 
are supplied with all the concentrate 
mixture they will eat, and in addition 
with all the milk they will take, by means 
of nurse cows. 46 They then consume but 
little hay. In such cases, it is advisable 
include a vitamin D supplement in the 
te mixture. (1118) 

There is generally no deficiency of 
E in beef cattle kept under good 


turned on good pasture. Although the 
trouble has not been prevented in some 
cases by a vitamin E supplement, it 
would seem wise to use the same meth- 
ods of prevention that are effective in the 
case of the “stiff lamb” disease. 

So far as is known, there is no lack 
of the other vitamins in feeding beef cat- 
tle. (208, 221) 

1176. Carotene and vitamin A. — 
The vitamin A requirements of cattle 
are commonly expressed in terms of caro- 


Good Pasture Supplies an Abundance of Carotene 


Cattle on good pasture have such an abundant supply of carotene that they are able 
to store considerable vitamin A and carotene in their bodies. Legume pasture, such as this, 
is also very rich in protein and calcium. 


practical conditions. However, “white 
muscle” disease, or muscular dystrophy, 
of beef calves is a serious problem in a 
few western range herds. 47 This disease 
is similar in symptoms to the fatal results 
of feeding calves a ration devoid of vi- 
tamin E. The muscular dystrophy, or 
degeneration, commonly affects the heart 
chiefly, and the calf dies suddenly. It dif- 
fers in this respect from the “stiff lamb” 
disease, described in Chapter XXXI. 

The trouble seems to be more apt to 
occur in herds where the cows have been 
wintered on roughage of very poor qual- 
ity, and subsides when the cows are 


tene, because cattle get the vitamin 
from this plant source under all usual 
conditions. (193) In their report on 
“Recommended Nutrient Allowances for 
Beef Cattle,” a special committee of the 
National Research Council recommends 
an allowance of 5.5 milligrams of caro- 
tene daily per 100 lbs. live weight for 
growth and reproduction. 1 It is believed 
that approximately this amount is needed 
to build up and maintain a safe reserve of 
vitamin A in the body, and for successful 
reproduction, though considerably smaller 
amounts have permitted normal growth 
and reproduction of cattle in various 
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experiments. 48 For cows nursing calves, 
a more liberal allowance is recom- 
mended, to ensure a satisfactory vita- 
min A content in the milk. 

Beef cattle will receive plenty of 
carotene when they are on green pas- 
ture or when they are fed a reasonable 
amount of well-cured hay, corn or sor- 
ghum fodder, or silage. 49 On the other 
hand, they may suffer from severe defi- 
ciency, if they are maintained for a con- 
siderable part of the year on mature, 
weathered range forage, or if they are fed 
only such roughage as cottonseed hulls, 
straw, or hay or fodder of poor quality. 

Fortunately, when cattle are on good 
pasture or are fed plenty of carotene-rich 
harvested roughage, they store consider- 
able vitamin A and carotene in their 
bodies. This store is drawn upon, if the 
supply in the feed becomes inadequate. 
The length of time cattle can be fed a 
carotene-poor ration without showing 
symptoms of vitamin A deficiency will de- 
pend on their body store and their age. 
Calves suffer from a deficiency sooner 
than older cattle. 

In Texas experiments when calves 
that had been on range pasture were fed 
a carotene-poor ration, some showed 
symptoms of vitamin A deficiency within 
40 days. 50 The first symptom was usually 
night blindness, though sometimes con- 
vulsions occurred first. 

Beef cattle should not be fed for 
a very long period on a ration that does 
not include sufficient good roughage to 
meet the carotene requirements. Vitamin 
A deficiency will usually be prevented if 
cattle are fed at least 2 lbs. per head 
daily of good-quality alfalfa or other leg- 
ume hay, or 5 to 6 lbs. of corn or sweet 
sorghum silage, along with other rough- 
age. Grain sorghum silage must be fed 
more liberally, as it generally has less 
carotene. On the other hand, hay crop 
silage is especially rich in carotene. 

Although beef breeding cows are 
often wintered in the wheat-growing 
districts of the West on nothing but straw 
plus 1 lb. per head daily of protein sup- 
plement, such a ration cannot be advised 
except under emergency conditions. 
(622, 1211) There should also be sup- 


plied, if possible, a limited amount of 
well-cured hay or other roughage high 
in carotene or a vitamin A supplement, 
and also a calcium supplement. 

Recent experiments show that beef 
cows which have been on good pasture 
during the growing season can usually 
be wintered on carotene-poor rations, 
without injury to the cows themselve: 
However, if they calve before they go 

afferj 


green pasture, the calves may su: 
ously from a deficiency of vitamin 
cause the milk will have but little 
vitamin. A vitamin A lack is most 
for calves from birth to about 8 
of age. 

When a deficiency of vitamii 
curs under range conditions, it is likely 
to be complicated with lacks of other 
nutrients. In North Dakota experiments 
beef cows that had previously been on 
good pasture had thrifty calves when the 
cows were fed for as long as 8 months 
a ration low in carotene, but supplying 
ample protein, minerals, and energy. 51 

In an Oklahoma experiment beef 
heifers were fed low carotene rations in 
dry lot for consecutive years. 52 They 
grew normally and successfully com- 
pleted 2 gestation periods. However, 
their milk had too little vitamin A to 
protect the calves against deficiency. In 
the third gestation on the vitamin-poor 
ration, all of the cows aborted because 
of the lack of vitamin A and some died. 

New Mexico and Florida studies 
show that beef cows wintered on mature 
range pasture will not be affected by a 
lack of vitamin A, so long as there is 
even a small amount of green feed in 
the pasture. 53 In case there has been 
severe drouth during the growing season 
and the cows consequently have little 
store of vitamin A, they may need a sup- 
plement furnishing the vitamin. 

The disastrous results that follow 
when cattle are forced to live for a long 
time on mature and weathered grass or 
similar forage, are shown by California 
experiments. 54 Under such conditions 
cows may produce badly deformed 
calves. These are known locally as "acorn 
calves,” because it was supposed that 
they resulted from the cows eating too 
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many acorns. The experiments showed, 
however, that acorn calves result when 
the cows are forced to live for too long 
a time on mature, weathered forage, with 
its multiple deficiencies. 

If fattening cattle are fed for several 
months on all the grain they will eat, 
with but little roughage or with poor 

E ^hage, they may suffer from vitamin 
feficiency unless the grain is yellow 
s which has some vitamin A value, 
deficiency may produce generalized 
fling, or edema, known as “ana- 
a*” 55 In such cases, feeding good al- 
falfa/ hay has brought striking improve- 
ment within 1 to 3 weeks. 

1177. Importance of good rough- 
age for fattening cattle. — In most rations 
for cattle good roughage is the chief 
source of carotene and also of calcium 
and certain other essentials. It is there- 
fore not surprising that young fattening 
cattle do not make good gains when they 
get no good roughage, unless a special 
supplement is fed that makes good the 
lacks. 

In two Nebraska tests yearlings fed 
nothing but ground ear corn and cotton- 
seed cake for only 65 days made decid- 
edly less rapid gains than others fed 
alfalfa hay as roughage. 56 In an Illinois 
trial cattle fed for 112 days only a mix- 
ture of ground oats, wheat, and corn, 
with cottonseed meal as a protein supple- 
ment, gained but 1.63 lbs. per head 
daily, in comparison with 2.45 lbs. for 
others fed alfalfa hay in addition. 57 

If the only roughage for growing 
or fattening cattle is of very poor qual- 
ity, it is essential for good gains that a 
special supplement be fed, which makes 
good the various nutritive deficiencies. 
Such supplements are discussed in the 
following article. 

1178. Adding alfalfa; complex sup- 
plements. — It has been shown earlier in 
this chapter that in rations for fattening 
cattle certain combinations of protein 
supplements are superior to such a single 
supplement as cottonseed meal or corn 
gluten meal. (1167) Also, it has been 
explained in Chapter II that for satis- 
factory digestion by ruminants of poor 
roughage, such as ground corn cobs. 


straw, cottonseed hulls, or even very poor 
late-cut hay, special supplements must 
be supplied. (45) The ration must not 
only be supplemented with protein or 
another source of nitrogen, but also with 
minerals, including perhaps trace min- 
erals, and with certain other factors 
needed by the rumen bacteria. 

The addition to the ration of a small 
amount of high-quality roughage, such 
as good alfalfa hay or alfalfa meal, will 
generally increase the gains considerably. 

For example, in recent Ohio experi- 
ments steers full-fed on corn-and-cob 
meal, with late-cut, poor-quality timothy 
hay and a mineral mixture, gained 2.00 
lbs. a day when the ration was supple- 
mented with a mixture of soybean oil 
meal and dehydrated alfalfa. 58 With soy- 
bean oil meal as the supplement, others 
gained only 1.78 lbs. Because the cost 
of the dehydrated alfalfa was as great as 
that of the soybean oil meal per ton, the 
gains were more expensive with the de- 
hydrated alfalfa. In all probability a simi- 
lar increase in rate of gain could have 
been obtained by adding a little high- 
quality alfalfa or other legume hay to the 
ration. 

It is shown in the following chapter 
that even with corn or sorghum silage as 
the only roughage for fattening cattle, 
the gain is usually increased by adding 
to the ration a little alfalfa hay or de- 
hydrated alfalfa. (1232) 

There has been much interest dur- 
ing the past few years in Purdue Sup- 
plement A, developed by Beeson and 
associates at the Indiana Station. 59 This 
supplement was designed especially for 
use with low grade roughages, such as 
ground corn cobs, but also gives excel- 
lent results with corn or other silage. 
(692) 

The revised Purdue Supplement A 
contains, per 1,000 lbs.: Soybean oil 
meal, 650.5 lbs.; cane molasses, 140 lbs.; 
high-grade dehydrated alfalfa meal, 140 
lbs.; bone meal, 52 lbs.; cobaltized salt, 
17.0 lbs.; and vitamin A and D concen- 
trate, 0.5 lb. In a previous formula mo- 
lasses feed, containing molasses and a 
low-grade absorbent, was used instead of 
the dehydrated alfalfa and molasses. 
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Feeding 3.5 lbs. per head daily of 
Purdue Supplement A has been gen- 
erally recommended. This supplies about 
2.5 lbs. of soybean oil meal. While this 
amount of protein supplement may be 
needed by fattening cattle fed ground 
cobs for roughage, it is more than is 
necessaiy with corn or sorghum silage 
as the roughage. Also, with good rough- 
age there is no need of a vitamin sup- 
plement. 

Several experiments have been con- 
ducted to compare Purdue Supplement 
A or similar complex supplements with 
soybean oil meal or other simple supple- 
ments, in rations for fattening cattle fed 
roughage of ordinary good quality. 00 In 
most of the experiments the complex 
supplements, fed with such roughage, 
have produced no better gains than the 
simpler supplements, and the feed cost 
per 100 lbs. gain has been higher. 

Various other complex supplements 
have been recommended for fattening 
cattle. For example, the “all-purpose” 
supplement was very satisfactory for beef 
cattle and also for other stock in Ohio 
trials. This supplement is a mixture of 
30 lbs. meat scrap, 30 lbs. soybean oil 
meal, 20 lbs. cottonseed meal, 15 lbs. 
linseed meal, and 5 lbs. minerals (equal 
parts by weight of steamed bone meal, 
ground limestone, and salt.) 61 

A supplement for fattening cattle 
recommended by Burroughs of the Iowa 
Station has the following formula per 
ton: Soybean oil meal, 830 lbs.; cane 
molasses, 450 lbs.; dehydrated alfalfa, 
450 lbs.; urea feed, 100 lbs.; dicalcium 
phosphate, 60 lbs.; stilbestrol premix, 10 
lbs.; and dried torula yeast, 100 lbs. 62 

Whether it is advisable to use a com- 
plex supplement for beef cattle instead 
of an ordinary protein supplement, 
should depend on the quality of the 
roughage, and on the cost per ton of the 
supplement in comparison with such a 
supplement as soybean oil meal, linseed 
meal, or cottonseed meal. 

1179. Percentage of protein in sup- 
plements; feeding every other day. — 
Many of the formula beef cattle supple- 
ments, or commercial mixed supplements, 
have much less protein than there is in 


soybean oil meal, cottonseed meal, or lin- 
seed meal. In addition to the common 
high-protein feeds, these contain feeds 
lower in protein, especially grain, mo- 
lasses, and alfalfa meal. Some also have 
mineral and vitamin supplements. 

The question therefore arises as to 
whether such a supplement, having 30 
to 20 per cent protein or less, will be 
economical as a supplement which h 
40 per cent protein or more. The ans 
will depend, first of all, on whether 
deficiency in the feed the cattle g 
primarily a lack of protein, or wh 
they need additional energy abor 
much as they need more protein.' A 
as has been pointed out previously, 
they already have plenty of vitamins, a 
vitamin supplement is not beneficial. 

The lower protein supplements may 
cost less per ton than an oil meal having 
40 per cent protein or more, but the cost 
per pound of protein is much greater. If 
the lower protein supplement is made of 
only high-grade feeds, it may furnish 
about as much net energy per pound as 
an oil meal. 

For wintering young beef cattle or 
beef cows, 1 lb. of a high-protein supple- 
ment, such as soybean oil meal, generally 
supplies enough protein to produce good 
results, when the cattle are fed good 
grass hay or corn or sorghum silage. 
Since the lack in such roughage is pri- 
marily a deficiency of protein, it will take 
correspondingly more of a supplement 
having only 20 to 30 per cent protein, to 
produce equal results. 

To supplement mature and weath- 
ered native range pasture for young cat- 
tle, additional energy may be needed, as 
well as more protein. It may therefore be 
profitable to supply more than 1 lb. per 
head daily of supplement. 

The Oklahoma Station has carried 
on several experiments to compare sup- 
plements having 40, 30, and 20 per cent 
of protein as the supplement to prairie 
hay or to native range, for wintering 
heifer calves and bred yearling heifers. 63 
All supplements were fed in pelleted 
form. 

The 40 per cent protein pellets 
were pelleted cottonseed meal. The 
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lower protein pellets were made of mix- 
tures of cottonseed meal and ground 
corn. In addition, the lower protein pel- 
lets fed certain lots of the bred heifers 
also contained mineral and vitamin sup- 
plements. All the cattle had access to a 
mineral mixture of 2 parts salt and 1 part 

E t bone meal. 

Ik Calves fed 1 lb. per head daily of 
40 per cent protein pellets with 
||Bpe hay gained much more in winter 
|Bk did those fed the lower protein pel- 
||^^^>ut considerable of the difference 
ade up by their smaller gains on 
pasture the following summer. At 
i of the pasture season, their total 
^eraged 40 lbs. more than for those 
fed the 20 per cent protein pellets in 
winter, and 17 lbs. more than for those 
fed the 30 per cent protein pellets. 

The difference in results from the 
40 per cent and the 20 per cent protein 
pellets was much less for the calves fed 
1 or 2 lbs. a day of pellets as the supple- 
ment to winter range. Here there was a 
lack not only of protein, but also of 
energy. 

Similar results were secured with 
the bred heifers fed 2.5 lbs. of 40 per 
cent or 20 per cent protein pellets as the 
supplement to winter range. At the end 
of the following summer, the weaning 
weights of the calves from the heifers 
fed the 40 per cent protein pellets in 
winter averaged only 7 lbs. more than of 
the calves from the heifers fed the 20 
per cent protein pellets in winter, and 
the cost of winter feed was $2.16 higher. 

There was only a very slight benefit 
from including mineral and vitamin sup- 
plements in the pellets for the bred 
heifers, and this was offset by the greater 
cost. 

In order to save labor, sometimes 
beef cattle wintered on the range are 
fed a double amount of protein supple- 
ment every other day, instead of feeding 
the supplement each day. This does not 
seem advisable unless there is a great 
shortage of labor. It would seem that the 
method would be preferable of restrict- 
ing the amount of protein supplement by 
self-feeding a suitable mixture of pro- 
tein supplement and salt. (1170) 


In 2 Kansas experiments yearling 
steers wintered on the range and fed a 
double amount of protein supplement 
every other day gained only about half 
as much as did others fed the protein 
supplement each day. 64 The effect of de- 
layed feeding of a protein supplement 
has been discussed in Chapter V. (116) 

1180. Addition of fat. — It has been 
mentioned in Chapter XXIII that re- 
cently there has been a surplus in this 
country of low-grade animal fats, largely 
because of the wide use of detergents in- 
stead of soaps. Because of this, the price 
of such tallows and greases has fallen so 
much that a small percentage has been 
added to some formula feeds, or com- 
mercial mixed feeds. (914) These low- 
grade animal fats usually sell at a much 
lower price than plant oils, such as corn 
oil or cottonseed oil. 

In Texas trials adding 5 per cent of 
cottonseed oil to ordinary fattening ra- 
tions did not increase the gain, but did 
reduce the amount of feed required per 
100 lbs. gain. 65 Each pound of added fat 
saved 4 lbs. of other feed. 

Adding 5 per cent of raw ground 
beef tallow to a fattening ration increased 
the rate of gain in Florida experiments, 
and increased the feed efficiency. 66 When 
10 per cent of the tallow was added to 
the ration, the gain was reduced. 

In Nebraska trials an ordinary ra- 
tion of ground corn, soybean oil meal, 
and hay was compared with one in which 
corn-and-cob meal and hay were fed 
with pellets made of a mixture of 5.5 per 
cent beef tallow or corn oil and 68 per- 
cent ground corn cobs, together with 
cane molasses, soybean oil meal, urea, 
and bone meal. 67 The ordinary ration 
produced slightly more rapid gains. With 
the tallow at 9 cents per pound and 
ground com cobs at $16 a ton, in com- 
parison with ground corn at $60 a ton, 
the gain was slightly cheaper with the 
pellets. 

Animal fat added to a ration should 
be stabilized with an antioxidant. (914) 

1181. Water. — It is important that 
beef cattle have an abundant supply of 
good water at all times. During winter 
in the northern states, water in tanks or 
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troughs should be kept from freezing by 
using suitable heaters, but there is no 
need otherwise of warming the water. 68 
Separate water troughs should be pro- 
vided for pigs running with the steers. 
While it is best to have water before beef 
cattle at all times, they readily adapt 
themselves to taking a fill once daily. 

The water provision should be not 
less than 10 gallons per head daily for 
2-year-old steers or breeding cows. In 
Ohio tests fattening calves drank 6,5 to 
8.0 gallons of water per head daily. 69 
The average daily water consumption of 
range cows in Arizona was 6.3 gallons, 
with a minimum of 2.6 gallons in winter 
and a maximum of 11.5 gallons in sum- 
mer. 70 

1182. Antibiotic feed supplements; 
surfactants; tranquilizers; Tapazole. — 
Numerous experiments have been con- 
ducted during the past few years to de- 
termine the effect of adding an antibiotic 
feed supplement to the rations for beef 
cattle, especially fattening cattle. 71 Un- 
fortunately, the results with the addition 
of various antibiotics, has varied consid- 
erably. This variation is not surprising 
when one considers the difference in ra- 
tions, feedlot conditions, and disease lev- 
els which confounded the tests. In most 
of the carefully conduced experiments 
under good management conditions, little 
or no response has usually been secured. 
Indeed, in certain trials the addition actu- 
ally has been detrimental. In Illinois, 
Kentucky, and Oklahoma experiments 
the digestibility of a ration for steers was 
reduced by adding an antibiotic. 

The general acceptance of antibi- 
otics in many large commercial feedlots 
supports the viewpoint that under such 
conditions, their use often increases per- 
formance. Levels which are commonly 
recommended for reduction of disease, 
less scouring, and improved feed effi- 
ciency and gain are approximately 10 
milligrams per 100 pounds liveweight, 
with most commercial rations mixed for ] 
this purpose furnishing average feeder j 
cattle from 50 to 100 milligrams per head < 
per day of either aureomycin or terramy- 1 
cin. Less than 50 milligrams per head i 
daily is not recommended. 3 


Feeding such antibiotics has also 
reduced the incidence of bloat, liver ab- 
scesses, and foot rot under practical feed- 
lot conditions. It should be stressed how- 
ever, that antibiotics may not promote 
any response under many conditions of 
good management. 

The use of high levels of either 
aureomycin or terramycin for a shori 
period of time in feeder calf rations updm 
receipt in the yard may reduce the^jjB 
cidence and losses from the shippflB 
fever complex. 

Little information is yet ava^aflfil 
concerning the effect of adding siifac^ 
tants to beef cattle rations. In a MaryShd""; 
trial, such an addition was not benSL 
ficial with fattening steers. A new “ehem- 
obiotic, 77 (tetra alkylammonium stea- 
rate) has given variable results. In work 
at Purdue and Iowa no response was 
secured, while at Montana and Washing- 
ton, increases in both gain and feed effi- 
ciency were noted. Likely, the differences 
can be explained by the characteristics 
of tire rations employed. 

Tranquilizers, compounds capable 
of producing increased gain without se- 
dation are now currently being tested. 
Many different types are under evalua- 
tion, and hydroxyzine (Tran-Q) has been 
approved for use in animal feeds at a 
level of 2.5 milligrams per head per day. 

In certain dials, the use of this com- 
pound in conjunction with stilbestroi has 
increased both gains and feed efficiency. 
The effect was apparently additive to 
that secured with stilbestroi and antibiot- 


Injectable tranquilizers may be used 
to quiet catde at time of shipment to 
reduce shrinkage, and lessen losses from 
shipping fever, under the direction of a 
qualified veterinarian. 

Tapazole (1-methyl, 2-mercaptoimi- 
dazole), a new compound not yet thor- 
oughly tested or approved for use by the 
Food and Drug Administration, is re- 
ported as stimulating gains, improving 
feed efficiency, and increasing carcass 
quality. The levels used varied from 300 
to 600 mg. per head daily. Apparently 
gains are stimulated only for a short pe- 
riod, with the effect tending to wear off. 


* 
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1183. Stilbestrol; other hormones. — 
Although earlier results with implanting 
or injecting stilbestrol (diethylstilbestrol) 
or other sex hormones gave poor re- 
sults, 74 present research shows little dif- 
ference between oral administration of 
10 mg. daily per head or implanting di- 
kylstilbestroi at a level of 24 to 36 mg. 
head once. 

Early tests were often conducted 
high levels which resulted in unde- 
side effects, although promoting 
Such side effects: elevated tail 
sagging of the loin, mounting of 
cattle, mammary development, and 
in the case of heifers, prolapse 
3 vagina. Frequently, the grade of 
the carcass was lowered. 


Many hundreds of trials 76 * 77 have 
been conducted since Iowa 75 reported 
that 10 mg. daily of stilbestrol per head 
in the feed would promote increased 
gains and feed efficiency with little or 
none of the undesirable side effects pre- 
viously produced by implantation. 

A combination of estrogens, estradiol 
and progesterone (Synovex) adminis- 
tered at the recommended levels by in- 
jection apparently gives the same results 
as oral or implanted stilbestrol. 

Varying effects secured by the ad- 
ministration of hormones are often ex- 
plained by the fact that certain roughages 
contain small amounts of estrogenic-like 
compounds, lessening the response se- 
cured, and occasionally leading to unde- 
sirable side effects. 

Recent Iowa tests indicate a certain 
calorie-protein ratio is optimum for best 
carcass quality with steers receiving stil- 
bestrol. Also, increasing the oral dosage 
during the last 56 days of the feeding pe- 
riod (146 days) increased gains as com- 
pared to feeding 10 mg. thruout. 

Combinations of silbestrol and tes- 
tosterone implants were superior, espe- 
cially with heifers, to stilbestrol alone in 
Colorado and Ohio trials. 


The distribution of stilbestrol con- 
taining “premixes” is limited to manufac- 
turers holding effective permits from the 
Federal Food and Drug Administration. 
(964) 

In an Indiana experiment the feed- 
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ing of a thyroprotein supplement to fat- 
tening heifers decreased the gain and 
the feed efficiency, and in an Oklahoma 
trial the addition of thyroprotein to a 
ration for beef cows nursing calves was 
not advantageous. 78 

1184. Amount of concentrates for 
fattening cattle. — One of the most im- 
portant problems in beef production is 
deciding how much grain or other con- 
centrates to use in fattening cattle for 
market. The financial outcome depends 
largely on a wise decision concerning this 
problem. 

Many experiments have been con- 
ducted to determine the most profitable 
amounts of grain to feed fattening cattle 
of the various ages and under different 
conditions. These experiments have 
shown that when full use is made of 
high-quality roughage, including im- 
proved pasture, cattle can be fattened 
sufficiently to yield desirable carcasses 
with much less grain than was formerly 
believed necessary. 

The various methods of beef pro- 
duction are discussed in some detail in 
the following chapter. It is there empha- 
sized that local conditions will determine 
what method will be most profitable. In 
baby beef production calves of high qual- 
ity are full-fed grain in dry lot after 
weaning and are marketed when thor- 
oughly fat at 18 months of age or less. 
The calves may be farm raised or may be 
purchased from the western range. In 
the former case, the calves are often fed 
grain in a creep previous to weaning. 
Baby beef production requires a maxi- 
mum amount of grain and other concen- 
trates and does not utilize a large amount 
of pasture and harvested roughage. 

At the other extreme is the method 
in which calves are wintered chiefly or 
entirely on roughage, pastured the fol- 
lowing season without grain feeding, win- 
tered on roughage again, and pastured 
without grain the second summer. At the 
close of the pasture season the cattle, 
then over 2 years of age, are generally 
fed a liberal amount of grain for 2 to 3 
months, to get them fat enough to sell 
well. If the market does not pay a suffi- 
cient premium for grain-fed cattle, they 
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may be marketed direct from pasture, 
without receiving any grain. In this 
method maximum use is made of pasture, 
hay, and silage, and only a minimum 
amount of grain is needed. 

1185. Fattening cattle on a mini- 
mum amount of grain. — In early years 
com and other grains were usually so 
cheap that fattening cattle were gen- 
erally fed all the grain they would eat, 
after they were safely on full feed. Two- 
year-old steers fattened in dry lot were 


became higher in comparison with the 
cost of hay and silage, several experi- 
ments were conducted to find whether 
2-year-olds or yearlings can be made fat 
enough for the large markets when fed 
only corn or sorghum silage, hay, and 2 
or 3 lbs. a day of protein supplement. 
The following "table presents the results 
of 16 such tests, in each of which one 
of 2-year-old steers, averaging 979 
in weight, was fed for an average of 
days only well-eared com 


Cattle on a Full Feed of Grain 


In the corn belt it is usually most profitable to feed fattening cattle a liberal amount of 
corn or other grain. 


fed an average of over 20 lbs. com per 
head daily in addition to hay and other 
dry roughage. 

Later, when corn silage came into 
wide use for fattening cattle, it was 
found that when cattle are fed all the 
well-eared corn silage they will clean up, 
they will not eat so much corn grain in 
addition to the roughage. The table in a 
later article shows the amount of grain 
and other feeds eaten by cattle of vari- 
ous ages when full-fed grain, along with 
corn silage, good hay, and a protein sup- 
plement. (1195) 

As the price of com and other grain 


or mixed hay, and a limited amount of 
protein supplement, while another lot re- 
ceived a full feed of corn grain in addi- 
tion. 79 

The steers fed no com grain except 
that in the well-eared com silage made 
the surprisingly good average daily gain 
of 2.1 lbs. per head. Before the introduc- 
tion of the silo and the use of modern, 
well-balanced rations this would have 
been considered a good rate of gain on 
a liberal feed of grain. However, the 
steers full-fed com made considerably 
more rapid gains, averaging 2.6 lbs. a 
day. As a result, they were much better 
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finished at the end of the fattening peri- 
ods than the steers fed no corn grain ex- 
cept that in the silage. 

Feeding no grain except that in corn 
silage 

Lot I Lot II 

No com Full-fed 

except in corn grain 
silage 

|erage ration 

iJorn grain, lbs ... 14.1 

pplement, lbs 2.9 _ 2.8 

lbs 3.8 2.9 

silage, lbs 49.2 27.6 

jfage daily gain, lbs. . 2.1 2.6 

hel per 100 lbs. gain 

Corn grain, lbs. . ... 542 

Supplement, lbs 142 110 

Hay, lbs 199 117 

Corn silage, lbs. ..... 2,427 1,091 

Feed cost per 100 lbs. 

gain $14.25 $16.18 

Selling price per 100 lbs. $10.47 $11.17 

Net return per head . . . $—0.03 $2.55 

Some of these tests were carried on 
when corn was high in price, while 
others were conducted when corn was 
cheap. The feed costs per 100 lbs. gain 
accordingly varied widely in the individ- 
ual trials. The cost with local prices for 
feeds at any time can readily be esti- 
mated from the data in the table. On the 
average, the feed cost per 100 lbs. gain 
in these trials was $1.93 higher for the 
steers full-fed on corn. 

Other factors are fully as important 
as the cost of the gains in deciding the 
financial outcome. Much more pork is 
produced by pigs following full-fed steers 
than when no shelled corn is fed the cat- 
tle. Furthermore, full-fed steers reach a 
better finish and hence bring a higher 
price on the market. There was not, how- 
ever, as much difference in the actual 
selling price in these trials as many ex- 
pelAded cattlemen would predict. In 
fad; the “no-corn” steers brought only 
70 cents less per hundredweight than the 
others. 

Because of the higher selling price 
and the greater pork credit, the full-fed 
steers made a much better net return 
than those fed no corn except that in the 
silage. However, in some of the experi- 
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ments conducted when corn was ex- 
tremely high in price, the cost of gains 
was so much lower for the nO-corn cat- 
tle that they returned the greater profit. 
In other similar experiments with year- 
ling or 2-year-old cattle, the results have 
generally been like those here summar- 
ized. 80 

Experiments have shown that un- 
less grain is extremely high in price in 
comparison with roughages, it is practi- 
cally always more profitable to give calves 
a liberal amount of grain during the en- 
tire fattening period. 81 

It has been shown in Chapter XV 
that when hay-crop silage is fed in place 
of corn silage, or when cattle are fed hay 
as the only roughage, considerable grain 
must be fed to produce as good gains 
and finish as are secured on com silage, 
without additional grain. (439) This is 
because hay-crop silage and hay have 
less net energy, on the dry basis, than 
well-eared com silage with its consider- 
able proportion of corn grain. 

In the alfalfa districts of the West 
where alfalfa hay is often very cheap in 
comparison with grain, and less premium 
may be paid for well-fattened cattle, it 
may be profitable to feed yearlings and 
2-year-olds chiefly alfalfa hay, with but 
little grain. (1187) 

1186. Feeding limited amounts of 
concentrates. — In fattening 2-year-olds 
or yearlings it may often be most eco- 
nomical to follow a middle course be- 
tween full-feeding of grain and supply- 
ing no grain except that in the silage. 
One method is to feed only a limited 
amount of grain during the entire fat- 
tening period. Another method is to feed 
only roughage and a protein supplement 
for a time, and then add a liberal amount 
of grain during a finishing period of 40 
to 60 days. 

Experiments have shown that the 
latter method is usually preferable. 82 It 
generally takes less grain than when a 
half allowance of grain is fed throughout 
the entire fattening period. Yet, it pro- 
duces fully as large gains and as good 
finish. 

The results from giving 2-year-old 
steers a half feed of com throughout the 
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fattening period, in comparison with full- 
feeding com, are shown by 11 experi- 
ments. 83 Cattle full-fed corn for 131 days 
ate an average of 13.8 lbs. corn, 28.5 lbs. 
com silage, 2.4 lbs. hay, and 2.6 lbs. pro- 
tein supplement, and gained 2.7 lbs. per 
head daily. Others fed a half allowance 
of corn gained 2.3 lbs. on a ration of 6.9 
lbs. corn, 41.0 lbs. silage, 2.7 lbs. hay, 
and 2.5 lbs. supplement. 

The feed cost of 100 lbs. gain was 
67 cents less for the steers getting the 
half feed of corn and they sold for only 
44 cents less per hundredweight. How- 
ever, the difference in selling price and 
the difference in the amount of pork pro- 
duced by the pigs following the steers 
more than offset the cheaper gains, and 
the full-fed steers returned $3.35 more 
profit per head on the average. 

Whether or not to limit the amount 
of grain for cattle being fattened in dry 
lot should depend on several factors. 
These include: the relative cost of grain 
and roughage and the amounts of each 
that are available; the grade or quality of 
the cattle that are to be fattened; the 
size of the premium that can probably 
be secured for well-fattened cattle; and 
how soon one wishes to have the cattle 
ready for market. Farmers who plan to 
fatten cattle mostly on roughage usually 
buy the plainer type of feeder cattle and 
those in rather thin condition. They 
know that they cannot hope to top the 
market with cattle fed largely on rough- 
age, even if they are of high quality. 
They therefore buy cheaper cattle and 
feed them so as to secure low-cost gains. 

Several experiments have been con- 
ducted recently by western experiment 
stations to determine the best proportion, 
or ratio, of concentrates and alfalfa hay 
or other roughage to feed fattening year- 
lings or 2-year-olds. 84 These trials show 
that the most rapid gains are generally 
secured when 2 or 3 lbs. of concentrates 
are fed to each pound of hay. Restrict- 
ing the amount of roughage and thus in- 
creasing the proportion of grain and 
other concentrates beyond this level, 
tends to decrease the gain instead of in- 
creasing it. Still more important, such a 
high proportion of concentrates con- 


siderably increases the cost per 100 lbs. 
gain. 

Feeding a smaller proportion of con- 
centrates than 2 lbs. per pound of hay, 
reduces the gain and the cattle do not 
reach a good degree of finish. If it is de-^ 
sired to reduce the amount of grain fed/] 
it is best to feed but little grain durin 
the first month of the fattening peri 
and then gradually increase it until 
cattle get a liberal amount. 

1187. Fattening cattle on alfalfa 
Some years ago, cattle in certain of the 
ern range districts were often fatten' 
only alfalfa hay, or on alfalfa hay and 
roughage. Though young cattle cannot 
made really fat on roughage alone, this 
method was economical because the local 
markets did not pay much premium for well- 
fattened cattle. 

During recent years, few cattle have 
been fattened on alfalfa hay alone, because 
there has been a greater demand for beef 
from grain-fed cattle. However, in the west- 
ern range areas, fattening cattle are even 
now often fed a considerably smaller amount 
of grain than are cattle fattened in the corn 
belt and eastward. This is because alfalfa 
hay is commonly cheap in comparison with 
the price of grain. In Arizona and New Mex- 
ico trials it was more profitable to feed year- 
ling steers 7 or 8 lbs. of grain per head daily, 
along with good roughage, than to reduce 
the allowance to only about 4 lbs. 85 

In 16 tests some years ago, cattle fat- 
tened on alfalfa hay alone for periods averag- 
ing 110 days were fed 32 lbs, of hay per 
head daily (including the wastage) and 
gained only 1.20 lbs. daily. 80 For each 100 
lbs. of gain there were required 2,985 lbs. 
of hay. In 8 of the experiments, adding a 
limited amount of grain to alfalfa hay in- 
creased the average gain 0.45 lb. a day. Each 
100 lbs. of grain saved 308 lbs. of hay, with- 
out considering the better finish of the grain- 
fed cattle. 

When cattle are fattened on alfalfa hay 
alone, poor-quality hay should not be 
chopped or ground in an attempt to reduce 
the wastage. This will force the cattle to eat 
the stems or weeds that they could otherwise 
discard, and is therefore apt to reduce the 

f ains and be a disadvantage, instead of a 
enefit. The refuse hay can often be used 
advantageously for breeding cows or stocker 
cattle that are being wintered. Idaho and 
Oregon tests show that chopping good- 
quality alfalfa hay increases its value about 
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18 per cent for cattle being fattened on hay 
alone. 87 

Adding corn silage or other silage to 
alfalfa hay increases the rate of gain fully as 
much as feeding a limited amount of grain, 
■* md often the gains are cheaper than with 
^ ^rain. In 9 trials cattle fed silage and alfalfa 

R aed 1.64 lbs. per head daily, while 
ed nothing but alfalfa hay gained 
2 lbs. 88 Each 100 lbs. of silage actu- 
sd an average of 115 lbs. of alfalfa 
liese tests, and in addition the silage- 
e were much better finished. 

eneral Factors Influencing 
Beef Production 

S8. The necessary margin. — Un- 
al conditions the cost per 100 lbs. 
of the gains made by feeder cattle fat- 
tened for market is greater than the sell- 
ing price of the finished animals per hun- 
dredweight. Therefore, in order to make 
a profit or even to prevent loss, a higher 
price per 100 lbs. must be obtained for 
the fat cattle when marketed than their 
original cost per 100 lbs. as feeders. This 
is also generally the case in fattening 
feeder lambs or older sheep. 

The difference between the cost per 
hundredweight of the feeder animals 
and their selling price per hundredweight 
when fattened is called the margin. The 
term necessary margin means the margin 
that is required for any particular lot of 
animals to avoid loss. 

To find the margin that will be 
needed, the other expenses must be taken 
into consideration, in addition to the 
cost of feed for each 100 lbs. of gain. 
Where full value can be secured from the 
manure, this and the credit for the pork 
produced are commonly assumed to 
cover the cost of labor, housing, taxes, 
interest, incidental expenses, and the 
mortality risk. However, one must in- 
clude in his financial estimates the ex- 
penses incident to the purchase of feeder 
cattle and of bringing them to the feed 
lot, and also the expenses of marketing 
them after they are fattened. 

The following factors have an in- 
fluence on the margin that is needed for 
any particular lot of cattle: 

1. The higher the cost of the gains, the 
greater will be the necessary margin. 


2. The more the animal weighs when 
placed on feed, the less is the necessary mar- 
gin, because the increased selling price is 
secured on more pounds of initial weight. 
This factor will be offset, however, if the 
heavier cattle are older and make more ex- 
pensive gains. 

3. The higher the initial cost is of the 
feeder cattle per hundredweight, the smaller 
is the necessary margin. This is because the 
initial cost of the animals per 100 lbs. will 
then more nearly equal the cost of the gain 
per 100 lbs. 

4. The larger the total amount of gain 
made per head by the cattle, the greater will 
be the margin needed to prevent loss. This 
is because the margin on the initial weight 
of tire animal must cover a greater number 
of pounds of expensive gains. 

5. A greater margin is needed when the 
expenses are heavy for getting the steers to 
the feed lot and later to the market. 

In general, the necessary margin is usu- 
ally less for fattening calves than for older 
cattle. This is because they make much 
cheaper gains, and also because their initial 
cost per 100 lbs. is commonly higher than for 
yearlings or 2-year-olds. 

The manner in which the necessary 
margin can be estimated is shown by the 
following example: Let us suppose that 700- 
lb. yearling steers cost $22.00 per hundred- 
weight when put in the feed lot. They are 
to be fed 160 days, and it is expected that 
they will gain 2.6 lbs. per head daily at a 
feed cost of $26.00 per 100 lbs. gain. As- 
suming that the pork produced by pigs fol- 
lowing the steers and the value of the ma- 
nure will offset tlie labor and miscellaneous 
expenses, what will be the necessary selling 
price and the necessary margin, after de- 
ducting the marketing expenses? 

The steers will make a total gain per 
head of 320 lbs., and the total feed cost of 
this gain will be $83.20 at $26.00 for each 
100 lbs. gain. Adding this to the total initial 
cost of the cattle per head, which was 
$154.00, we will have $237.20 as the total 
cost per head of the fat cattle. Dividing this 
total by the final weight of the cattle, which 
is 1,020 lbs. (700 lbs. plus 320 lbs.), we find 
that the cattle must bring $23.26 per hun- 
dredweight in the feed lot to break even. 

To determine the necessary margin, we 
subtract the initial cost per hundredweight 
from this necessary selling price. This gives 
us $1.26 as the necessary margin under these 
particular conditions. 

1189. Value of beef blood for beef 
production. — Experiments have proved 
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that “blood tells” in beef production, 
just as it does in other types of stock 
farming. Good returns cannot be ex- 
pected when calves are raised for beef 
out of scrub or inferior cows, and sired 
by a scrub bull or one lacking in the de- 
sired beef characteristics. 

In a survey by the United States De- 
partment of Agriculture among farmers 
in 36 states, it was estimated that pure- 
bred beef cattle had an earning power 
37 per cent greater than that of common 
or scrub stock, based on utility alone and 
not considering the greater pride and 
pleasure in caring for well-bred cattle. 89 
Those who had replaced scrub bulls with 
purebred sires reported an average in- 
crease of 48 per cent in returns due to 
the use of the purebred sires. 

In comparison with scrubs, well- 
bred beef cattle have the following ad- 
vantages: (1) They make more rapid 
gains and are therefore heavier at a given 
age; (2) the gains are usually cheaper; 
(3) the animals mature earlier; (4) they 
furnish a higher percentage of dressed 
carcass; (5) they produce a greater pro- 
portion of the more valuable cuts of 
meat; (6) their carcasses have less inter- 
nal fat; and (7) their beef is superior in 
quality. 

Several experiments have shown 
that well-bred beef cattle make more 
rapid and cheaper gains than scrubs. In 
6 Oklahoma tests, for example, well-bred 
beef calves from a purebred sire and 
high-grade beef cows gained 1.97 lbs. a 
day in comparison with 1.67 lbs, for 
scrub calves and 1.88 lbs. for calves from 
purebred bulls and scrub dams. 90 Also, 
the feed cost per 100 lbs. gain was 10 
per cent less for the well-bred calves 
than for the scrubs, and 4 per cent less 
than for the calves out of purebred bulls 
and scrub dams. In considering these re- 
sults, it should be borne in mind that the 
scrub cattle were vigorous, thrifty ani- 
mals and that they were fed and cared 
for as well as the well-bred beef cattle. 
Commonly, on farms where scrub ani- 
mals are raised, the methods of feeding 
and management are no more improved 
than are the stock. 

In all of the tests comparing well- 


bred beef calves with scrubs, the chief 
difference has been in the value of the 
cattle when marketed. Thus, in the Okla- 
homa trials the well-bred steers sold for 
$1.71 more per 100 lbs. than the scrubs," 
and for 92 cents more than the steers 
from purebred bulls and scrub cows. 

1190. Superior carcasses of we 11 
bred beef cattle. — Well-fattened steers 
good beef type have a somewhat hi 
dressing percentage than scrub or Jjl 
steers that are equally fat. Also, thgS* 
steers have a higher percentage 
and ribs, which are the most vawHHM 
cuts, and a smaller proportion * 

cheap cuts. The actual difference^kS 
dressing percentage and in percentage oP* 
different cuts is not large, however. 

There is a more marked difference 
in the distribution of fat in the body. In 
the carcass of a well-bred beef steer 
more of the fat is distributed through- 
out the muscular tissues, and less is de- 
posited about the internal organs, where 
its only value is for tallow. Fat distrib- 
uted throughout the lean meat makes it 
tender, juicy, and toothsome. On the 
other hand, when it is deposited in sepa- 
rate masses anywhere about the body, 
it has but low value. 

One of the most important differ- 
ences between beef cattle and scrub or 
dairy-bred cattle is in the quality of beef 
produced. The thick-fleshed cuts from 
well-fattened beef cattle command a 
much higher price on discriminating mar- 
kets than the thin-fleshed cuts from 
scrubs or dairy animals. Fat cattle of 
good beef type therefore sell for a con- 
siderably higher price on the market and 
bring a much larger return to the man 
who has raised them. 

1191. Fattening cattle of the vari- 
ous market grades. — For the beef pro- 
ducer who raises the animals he fattens, 
there is no question but what well-bred 
animals of the beef breeds are tb& most 
profitable. The matter is more compli- 
cated for one who fattens feeder cattle 
that he buys on the market. He must con- 
sider not only the cost of the gains he 
can expect from cattle of the various 
grade, but also the difference between 
the initial cost per hundredweight and 
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the probable selling price when fattened. 

Careful experiments have shown 
that thrifty, well-selected common-grade 
or medium-grade feeder cattle will make 
^fully as rapid and cheap gains as will 
good to choice feeders, which are of bet- 
^"kter beef type and conformation. This is 
Bhiefly because the lower grade feeders 
|Hk generally thinner in flesh than the 
jHbr cattle. Furthermore, when the cat- 
IBBy e marketed after being fattened, 
WWy will usually be considerably less 
«ce in the selling price per hun- 
HH y eight than there was in their cost 
’^^^B^ders. Consequently, the profit has 
^Pgyirally been greater from the medium 
jfW common grades than from the better 
grades. 

The results from fattening western 
feeder steers of various grades are shown 
by 15 trials, in each of which a group of 
good or choice feeder steers was fed a 
good ration in direct comparison with a 
group of medium feeder steers and also 
with a group of common steers. 91 The 
good to choice steers were high-grade 
beef cattle of good type, averaging 624 
lbs. at the start. The medium steers were 
of the beef breeds, but were of less de- 
sirable type and were usually somewhat 
thinner, averaging 607 lbs. in weight. 
Many of the common feeders were of 
dairy breeds or showed some dairy blood. 
Although they were thrifty, they were 
thinner than the better grades and aver- 
aged only 550 lbs. in weight. 

There was practically no difference 
in the rate of gain made by the various 
grades of cattle. The best grade aver- 
aged 2.31 lbs. a day, the medium feed- 
ers, 2,37 lbs,, and "the common feeders 
2.35 lbs. Also, the feed cost per 100 lbs. 
gain was slightly the lowest for the com- 
mon feeders, and a trifle lower for the 
mec^i^^i-ieeders than for the good to 
cho|®'||pders, which carried more flesh 
at tJ^'Start. The average dressing per- 
centage, in 5 experiments where this was 
determined, was only 56.9 per cent for 
the common feeders, while it was 58.7 
per cent for the medium group and 60.6 
per cent for the best cattle. 

The average initial cost of the good 
to choice feeders in these tests was $2.34 


more per 100 lbs. than for the common 
feeders, and $1.24 more than for the 
medium feeders. While the better cattle 
also sold for higher prices when fat, there 
was much less difference in the selling 
price than there was in the initial cost. 
The good to choice steers sold for only 
$1.16 more per hundredweight than the 
common grade, and the medium steers 
for only 68 cents more than the common 
cattle. 

As a result of their cheaper gains 
and the greater margin, the net return 
per head over cost of feed was decidedly 
greater for the medium and for the com- 
mon feeders than it was for the cattle of 
the better grades. 

Unless the lower grade steers are 
well selected and are thrifty and growthy, 
their gains may be decidedly less rapid 
and more expensive than those of better- 
grade cattle. For example, in 3 Georgia 
experiments good feeders gained 2.42 
lbs. per head daily, in comparison with 
only 1.89 lbs. for common feeders. 92 The 
feed cost per 100 lbs. gain was 6 per cent 
less for the good feeders. 

1192. Choosing between the grades 
of feeder steers. — One should not con- 
clude from the previous summary that 
the best profits are always made from 
buying the lower grades of feeder cattle. 
The financial outcome from the various 
grades will depend primarily on the mar- 
gin that can be secured between their 
purchase price as feeders and their sell- 
ing price as fat cattle. 

The spread between the prices for 
good to choice fat cattle and for those of 
the lower grades is usually the greatest 
in summer and fall. This is because there 
are fewer such cattle then coming on the 
market. The spread is apt to be smallest 
in late winter and spring, when a large 
number of well-fattened cattle are com- 
ing to market from the feed lots. 

In purchasing feeders one should 
not base his decision on the spread in 
price between the various grades of fat 
cattle at that time, but upon the differ- 
ence there will probably be, based on 
average prices, when he has the cattle 
fattened and ready for market. If one 
has access to a special market that pays 
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a large premium for thoroughly fat cat- 
tie of high quality, obviously he cannot 
hope to secure the premium unless he 
fattens animals of the best grades. On 
the other hand, if the cattle are to be fat- 
tened chiefly on roughage, with but lit- 
tle grain, it will not pay to buy high- 
grade feeders, because they will not be 
fat enough to bring a top price when 
marketed. 

In purchasing feeders of the lower 
grades it is especially important that they 
be carefully selected and that only thrifty 
animals be bought. Otherwise, the re- 
sults may be disappointing. Some ex- 
perienced feeders specialize in fattening 
cattle that do not even come up to the 
common grade. Such animals are in dis- 
favor on the market, for most good stock- 
men do not want them on their premises. 
Hence, they can often be bought at a 
price that offers good possibilities of 
profit. Many such animals are unthrifty, 
and hence the death losses are higher 
than for good cattle. Also, more skill is 
necessary in feeding these cheap cattle. 
The fattening of such cattle should there- 
fore be undertaken only by an expert 
who knows cattle and knows market con- 
ditions. 


1193. Dairy steers vs. beef steers 
vs. crossbreds.— The question is often 
asked as to the value for beef of steers 
from the dairy breeds, especially Hol- 
steins, in comparison with steers of the 
beef breeds. Experiments have shown 
that young dairy-bred steers make fairly 
good beef when well fattened. However, 
because of lower quality of carcass, they 
sell at a considerably less price on the 
market when fat. They are therefore 
worth much less per 100 lbs. as feeders 
than are well-bred beef steers. 

In Michigan and Wisconsin trials 
Holstein steer calves made slightly more 
rapid gains, on the average, than did 
beef calves, because the Holsteins were 
thinner at the start ^ l n the Michigan 
trials the feed cost per 100 lbs. gain was 
a trifle higher for the Holsteins, but the 
reverse was true in the Wisconsin tests, 
lhe chief difference was in the selling 
|g lc . e ’ , for the , Holstein steers brought 
W.43 less per hundredweight when fat- 


t- tened than did the beef steers. The dress- 
>t ing percentage was 3.1 per cent lower 
e for the Holsteins than for the beef steers, 
n In the Wisconsin experiments cross- 

> bred Holstein-Angus steer calves were ; 
:- also tested. They made desirable bah* 

- beeves, both on foot and when slauglf 
3 tered, though they were not so smooth/ 
i covered with fat as Angus steers. Ho 
ever, their dressing percentage was a 
r as high as for the Angus steers. 

7 of the dual-purpose breeds yield 
7 carcasses than dairy steers, but n<| 
ally equal to those from steers c 
beef breeds. 94 

1194. Relation between conform- 
tion and gains. — It is well known that iP®* 
dividual cattle of the same breed and 
age differ greatly in rate and economy 
of gains. Studies have been conducted to 
endeavor to find just what points of con- 
formation are important as indications 
that an animal will make rapid and cheap 
gains and yield a high-grade carcass 
when fattened. 95 In these studies feeder 
cattle have been carefully measured and 
scored, and then records have been kept 
of the gains made by the individual ani- 
mals, of the amounts of feed required per 
100 lbs. gain, and of the quality of car- 
cass yielded. 

It has been found in most of these 
studies that the appearance of feeder 
cattle is not a reliable indication of their 
capacity to make rapid gains or economi- 
cal gains. Experienced judges of cattle 
are generally much more successful in 
picking out young cattle that will yield 
high-quality carcasses when fattened, 
than they are in predicting just which 
animals will make the largest gains or 
require the least feed per 100 lbs. gain. 
They prefer animals that are deep, broad, 
and compact, with roomy digestive tracts 
and evidences of strong constitution. 
Cattle feeders also know that temoera- 
ment is of great importance in the "feed 

. nu ca ^ m> < l uiet a *fimal which eats 
its fill and then lies down is almost sure 
to outgain an animal that is nervous and 
restless. 

These studies have shown that rate 
of gain is highly correlated with economy 
o gain. The cattle which make the most 
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rapid gains generally require less feed 
per 100 lbs. gain than do slower-gaining 
cattle. 

In comparisons of large, medium, 
pnd small or compact type steers, the 
irge or medium type cattle have usually 
iad" more rapid gains than those of 
all type, but the more compact cattle 
h a given slaughter grade at a lighter 
ht. 96 If fattened to the same grade, 
has not been an appreciable dif- 
in the amounts of feed required 
0 lbs. gain. (1209) 
nvestigations by the United States 
rtment of Agriculture and certain 


Av. initial wt, lbs. 


ration, and the gains and feed efficiency 
accurately determined. An even more re- 
liable basis of selection is by progeny 
testing, in which the offspring from 
various sires are similarly tested. 98 How- 
ever, progeny testing has much more 
limited practical usefulness. 

1195. Influence of age in fattening 
cattle. — It is well known that young ani- 
mals require much less feed per pound 
of gain in weight than do older ones, 
and that their gains are decidedly 
cheaper. The reasons for this marked dif- 
ference have been explained in Chapter 
IX. (265) 


Av. daily gain, lbs. 


Av. ration: 

Grain, lbs 

Supplement, lbs. 

Hay, lbs 

Silage, lbs 


Total feed consumed per head: 


Hay, lbs 

Silage, lbs 

Feed per 100 lbs. gain by steers: 

Grain, lbs 

Supplement, lbs 

Hay, lbs 

Silage, lbs 


Selling price per 100 lbs 

Net return per steer 

Dressing percentage, per cent 

/ 0 Average of 16 experiments. 

■ :'f 'Average of ■ 1 1 experiments. 

of the experiment stations show that 
marked improvement can be made in the 
efficiency of beef production by select- 
ing young bulls on the basis of the rate 
and efficiency of gain in Record of Per- 
formance tests. 97 In this method of test- 
ing, bull calves are fed individually, 
after weaning, on a standard fattening 


igs, and 2-year-olds 


Calves 

Yearlings 

2-year-olds 

414 

638 

840 

197 

174 

162 

2.19 

2.26 

2.40 

431 

393 

389 

10.1 

13.1 

15.8 

1.1 

LI 

1.1 

4.2 

5.4 

5.8 

4.1 

5.8 

7.5 

1,990 

2,279 

2,552 

217 

188 

170 

827 

935 

941 

808 

1,014 

1,221 

462 

586 

667 

47 

45 

41 

198 

241 

246 

186 

258 

308 

$ 9.14 * 

$10.98 * 

$12.07 * 

$ 8.78 * 

$ 8.21 * 

$ 8.24 * 

$10.32 * 

$10.08 * 

$10.14 * 

$ 9.39 * 

$ 4.08 * 

$ 3.25 * 

58.9 f 

59.8 f 

60.7 t 


On account of the great practical 
importance of the matter, many experi- 
ments have been conducted to compare 
the costs of gains and the net returns 
from fattening cattle of various ages. The 
table on this page gives the results 
secured in 17 experiments in which 
calves, yearlings, and 2-year-olds were 
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directly compared." In these trials spe- fattening begins, yearlings and 2-year- 
cial efforts were made to secure feeder olds will make slightly more rapid gains 



cattle of equal quality for the different than calves. 

ages. Cattle of good beef type and con- In these experiments the average 

formation were used in practically all the daily gains were 2.40 lbs. for the 2-yearl 
tests. olds, 2.26 lbs. for the yearlings, and 2.19 

The cattle were fed grain (corn in lbs. for the calves. These are somewhat 

all except one experiment) and legume larger gains than are secured, on tjgj 

or mixed hay. In addition they received average, in commercial cattle feedingJM 

a small allowance of protein supplement these experiments cattle of good 

in certain of the tests, and had silage in were fed excellent rations under cdflfc|§ 

addition to hay for roughage in 6 of the supervision. Therefore, the data 

trials. Similar results have been secured table show the results that can tHml 


A Fine Bunch of Baby Beeves 

In baby beef production, well-bred beef calves must be fed a liberal amount of grain 
and a properly balanced ration. (From U.S. Department of Agriculture.) 


in other experiments which did not in- 
clude all the ages, or in which somewhat 
different rations were fed. 100 

An average of 197 days was needed 
to get the calves fat enough to meet 
market demands, while only 174 days 
were required for the yearlings and 162 
days for the 2-year-olds. Often it will 
take 225 days or more to fatten calves 
properly, if they are thin when put on 
feed. 

When young cattle are fed liberally 
from calf-hood, the daily gains will reach 
their maximum during the first year, and 
then the rate of gain will gradually de- 
cline. However, in the case of feeder 
cattle which are in thin condition when 


cured by experienced stockmen and un- 
der favorable conditions. 

These experiments were conducted 
when the prices of feeds and of cattle 
were much lower than now. The financial 
data in the table therefore merely show 
the relative feed cost per 100 !*$. gain 
for the different ages, and the relative 
cost of the feeder cattle and the relative 
selling prices. f 

There was not a great difference in 
the total gains, though a total of about 
40 lbs. more gain was necessary to finish 
the calves properly than was required 
for the yearlings or 2-year-olds. Often, 
the total amount of gain needed to finish 
calves properly will be somewhat more 
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than was made by the high-quality calves 
in these experiments. 

The amounts of feed eaten per head 
by the calves were considerably 
lan for the older cattle. However, 
the calves were fed for a longer 
there was much less difference in 
total amount of feed consumed by 
of the different ages, 
economy of the younger cattle 
by the amounts of feed re- 
per 100 lbs. gain and by the feed 
100 lbs. gain. While the feed 
each 100 lbs. of gain made by the 


weight than the yearlings or the 2-year- 
olds, As a result, the average net return 
over the cost of feed, after allowing 
credit for the pork produced by the pigs 
following the cattle, was $9.39 per head 
for the calves, in comparison with $4.08 
for the yearlings and $3.25 for the 2- 
year-olds. 

Three-year-old cattle will usually re- 
quire even more feed per 100 lbs. gain 
than 2-year-olds. Old cows generally do 
not make as rapid gains as yearlings or 
2-year-olds, and their gains cost consider- 
ably more. 101 


Two-Year-Old Steers Being Fattened on Pasture 


Older cattle can be fattened chiefly on good pasture, with a minimum amount of grain. 


calves was only $9.14, it was $10.98 for 
the yearlings and $12.07 for the 2-year- 
olds. 

Calves usually cost more per 100 
lbs. iplieeders than do yearlings or 
2-yp^lJ^ and this is shown in these 
exponents. While the average initial 
cost of the yearlings and 2-year-olds was 
apprcodmately the same, the cost of the 
calves was 57 cents per 100 lbs. higher 
than for the yearlings. 

This greater initial cost of the calves 
was more than offset by their cheaper 
gains and by the further fact that they 
sold for a little higher price per hundred- 


1196. Which age of feeders should 
be purchased? — One should not con- 
clude from the preceding summary that 
it is always more profitable to feed calves 
than older cattle. Whether or not this 
will be the case depends on the condi- 
tions at any particular time. In deciding 
which age of feeders to purchase, the 
following factors are important: 

If the cost of yearling or 2-year-old 
feeders per 100 lbs. is enough below that 
of calves to offset fully the cheapness of 
the gains by calves, then the profit may 
be greater from feeding the older cattle. 

Somewhat more care is necessary in 
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feeding calves than in the case of year- 
lings or 2-year-olds. Calves are not well 
suited to utilize roughage of poor quality. 
Therefore, if one wishes to use consider- 
able corn stover, straw, or low-grade hay, 
he will prefer older cattle. Also, calves 
must have a liberal amount of grain to 
fatten properly, while 2-year-olds will 
reach a fair market finish on nothing but 
good corn silage, a little hay, and suffi- 
cient protein supplement. 

Some people decidedly prefer the 
beef from well-finished older cattle of 
good quality to that from baby beeves, as 
it has more flavor. There is therefore still 
a definite demand for such carcasses. At 
certain times the supply is not sufficient 
to meet this demand, and then the price 
for fat yearlings or 2-year-olds of choice 
quality may be higher than that for baby 
beeves. 

Calves have another advantage that 
is sometimes of importance, in addition 
to their cheaper gains and higher average 
selling price per hundredweight when 
well fattened. They will continue to 
make good gains for some time after the 
end of the ordinary feeding period, and 
if they are not continued on feed too 
long their carcasses will not be waste- 
fully fat. Therefore, if the prices for fat 
cattle happen to drop at the time when 
it has been planned to market them, and 
one believes the prices will be better a 
few weeks later, calves can successfully 
be continued on feed for a reasonable 
length of time. 

On the other hand, when 2-year- 
olds are already well fattened, further 
gains are very expensive. Also, the cattle 
will soon become so fat and heavy that 
they will not bring a satisfactory price, 
even if there is improvement in the gen- 
eral level of cattle prices. 

1197. Efficiency of gains of cattle of 
various ages. — The most complete rec- 
ords of the amounts of feed consumed 
and the gains made by beef cattle from 
birth to market are those obtained by 
Haecker at the Minnesota Station. 102 So 
that all the feed consumed could be ac- 
curately determined, the calves were 
raised by hand, instead of nursing; their 
dams. 


During the various periods the steers 
were allowed all the roughage (corn 
silage and prairie hay) they would eat, 
but the amount of concentrates was some- 
what smaller than is commonly fed to 
cattle that are being fattened for market. 3 
When the steers reached a weight of 
1,200 lbs. they were sufficiently we 
fleshed for the market. Some were c 
tinued on trial until they reached 
lbs. and were very fat. 

The daily gains increased un 
steers reached 600 lbs. in weight 
which they decreased slightly, 
amount of feed required for 100 
gain rose steadily as the steers grew a 
fattened. While only 225 lbs. total « 
gestible nutrients were needed for 100 
lbs. gain between the weights of 100 to 
200 lbs., over 800 lbs. total digestible 
nutrients were required for 100 lbs. of 
gain after the steers reached 1,000 lbs. 

The feed cost of 100 lbs. gain was 
higher for the first period than for those 
immediately following, because of the 
whole milk that was fed. The cost then 
rose gradually from $4.90 per 100 lbs. 
gain between 200 and 800 lbs. live 
weight up to $15.40 between the weights 
of 1,400 and 1,500 lbs. The feed cost of 
the gains was especially high after the 
steers had reached 1,200 lbs. 

Though the older steers required 
more total digestible nutrients per 100 
lbs. gain, they actually stored as much 
energy as did the younger ones for each 
100 lbs. of total digestible nutrients they 
ate. They were therefore as efficient as 
the younger steers in converting food 
energy into energy of beef produced. The 
greater apparent efficiency of the young 
steers was entirely due to the fact that 
their gains were high in water and low 
in fat, while those of the older steers 
consisted chiefly of energy-rich fat, 

In these studies it was found that 
the 1,200-lb. steers yielded in their car- 
casses 10.95 lbs. of edible meat and fatty 
tissues, containing 6.02 lbs. dry matter, 
for each 100 lbs. total digestible nutri- 
ents they had consumed during their 
growth and fattening. During the entire 
lives of these steers they converted about 
10 per cent of the gross energy in the 
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feed they ate into the energy stored in 
their body tissues. 103 Thus, the “over-all” 
efficiency of the steers was 10 per cent. 

1198. Excessive fattening wasteful. 

« — Experienced cattle feeders know that it 

K pays to carry fattening cattle to an 
3ssarily high “finish.” After an ani- 
already well fattened, any further 
are much more expensive. This is 
;e the gains then consist chiefly of 
d contain but little water. Also, 
n animal has become fat, its appe- 
less hearty, and consequently it 
ss feed in proportion to its weight, 
efore has a smaller proportion of its 
mailable for making gains, after the 
maintenance requirements have been 
met. 

Not only are the gains exceedingly 
expensive when cattle are carried to ex- 
treme fatness, but also the carcasses from 
such animals do not meet the desires of 
most consumers. The lean meat will, it is 
true, be of the highest quality, but too 
large a proportion of the various cuts 
will consist of masses of fat which are 
not usually eaten. 

Studies by the United States Depart- 
ment of Agriculture show that if cat- 
tle are fattened beyond the slaughter 
grade of “good,” only a relatively small 
quantity of human food is produced dur- 
ing the additional period of fattening. 104 
This is because most of the added gain 
is in the form of fat which is in excess of 
what the average person will eat along 
with the lean meat. It is estimated that 
to this degree of fatness, each 100 lbs. 
of grain fed produces about 6 lbs. of nu- 
trients that are consumed directly as hu- 
man food. In fattening cattle more, each 
additional 100 lbs. of grain fed produces 
only about 2 lbs. of added nutrients for 
humans. 

The demand for highly-fattened 
steers is limited, even on the large cen- 
tral markets, for most consumers cannot 
afford this wasteful class of beef. Often 
such steers will bring some premium over 
those which are fattened only enough to 
yield desirable carcasses. However, un- 
less one has a special market outlet for 
highly-fattened cattle, the difference in 
price is commonly so small that it fails to 


offset the high cost of carrying the steers 
to this degree of fatness. 

The wise beef producer will there- 
fore keep posted with reference to the 
market prices of the various grades of 
cattle and will sell his steers just as soon 
as they are sufficiently well fleshed to re- 
turn the most profit. While it would be a 
source of pride to him to sell a load of 
steers that would “top the market,” he 
knows that often this reduces rather than 
increases his net return. 

1199. Heifers vs. steers; bulls. — On 
the large markets in the United States fat 
beef heifers commonly sell for a lower 
price than steers of similar quality and 
condition. However, experiments have 
proved that when young heifers are prop- 
erly fattened but are not over-fat, they 
yield carcasses that are about equal to 
those from steers. 105 In these experiments 
there have been no appreciable differ- 
ences due to sex in the dressing percent- 
age, in the retail value of the carcasses, 
in the color of the meat, or in its tender- 
ness and palatability when cooked. 

Though heifers do not make as rapid 
gains as steers, they become fat sooner 
than steers and therefore do not require 
so long a feeding period. If fed for the 
length of time needed to finish steers 
properly, they become wastefully fat. 
Also, it does not usually pay to get heif- 
ers fat enough to reach the “choice” 
slaughter grade. If properly-finished heif- 
ers are sold at weights of not over 650 to 
900 lbs., they will generally bring a bet- 
ter price than if fed to a heavier weight. 

Heifers should therefore be mar- 
keted just as soon as they are fat enough 
to meet the market demands, which will 
be 2 to 3 months earlier than in the case 
of steers of the same age. Their gains 
will then generally cost no more per 100 
lbs. than the gains of steers fed for the 
longer period. 

In 7 experiments in which heifer 
calves have been fattened for an average 
of 165 days in comparison with steer 
calves fed for 239 days, the heifers 
gained an average of 2.23 lbs. a day and 
the steers only a trifle more, 2.27 lbs. 106 
The average feed cost per 100 lbs. gain 
was the same for the heifers and the 
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steers. The initial cost of the heifers was 
66 cents per hundredweight less than 
that of the steers, but the selling price 
when fattened was $1.36 less than for 
the steers. In these trials the net return 
per head was therefore considerably 
larger for the steers. 

In other trials in which heifer calves 
or yearlings have been fattened for the 
same length of time as steers, the steers 
have gained decidedly more. 107 Also, 
they have required less feed per 100 lbs. 
gain, because they were not so fat. 

Because the selling price of fat heif- 
ers is usually 50 cents to $2.00 less per 
100 lbs. than for fat steers of equal qual- 
ity, their initial cost per hundredweight 
must be decidedly lower, in order to se- 
cure as large a net return. 

In fattening heifers for market, the 
practice is often followed of breeding 
them 3 to 4 months before they are to 
be marketed. This is done because bred 
heifers are less active and may require 
a little less feed per 100 lbs. gain. If heif- 
ers are no further advanced in pregnancy 
than this, there is no appreciable de- 
crease in the value of the carcasses. 103 
However, unless a buyer on the market 
can be certain that none of a particular 
lot of heifers is farther advanced in 
pregnancy than this, he must discount 
the price he offers, in order to be safe. 

Spayed heifers are apt to make no 
better gains than open heifers, even after 
they have recovered from the effects of 
the operation. 109 

If possible, heifers should be fed 
apart from steers, to lessen the disturb- 
ance at the heat periods. However, in a 
Minnesota test about as good results 
were secured from a mixed lot of heif- 
ers and steers as from the two sexes fed 
separately. 110 

Bull calves fed a fattening ration 
make more rapid gains than steers or 
heifers and require less feed per 100 lbs. 
gain. 111 However, they are not so well 
fattened when fed for the same length 
of time, and sell at a decidedly lower 
price per hundredweight. 

1200. Preparation of feeds. — The 
general principles which determine 


whether any particular method of feed 
preparation will prove profitable have 
been fully discussed in Chapter IV. In- 
formation is given in Chapters XX and 
XXI on whether or not it pays to grind 
each of the grains for beef cattle, 

In general, the small grains should J 


all be ground for beef cattle. In the cajgf 
of corn, there is usually not enough sJH 
ing through grinding to warrant the^H 
pense, if pigs follow the cattle to ujIHH 
any unchewed grain in the dro]*>|^MHr 
Also, calves chew corn so thorougl*|Bb- 
to 6 or 9 months of age that theHH 
not much saving by grinding it for tnSH 

Statements are sometimes made tl'JJ| 
rolling or crushing grain is preferable to 
grinding it. However, in several experi- 
ments with fattening cattle there has 
usually been little or no advantage in 
rolling or crushing over grinding, 112 
Crushed or rolled grain is popular, with 
herdsmen fitting cattle for show or sale, 
as it is somewhat more bulky than 
ground grain. 

1201. Chopping or grinding dry 
roughage. — Experiments have shown 
that it does not generally pay to go to 
extra expense in chopping good-quality 
hay for beef cattle, when it is fed so as 
to avoid undue waste. 113 If hay can be 
stored in chopped form as cheaply as 
long hay, then chopping may be desir- 
able. When hay is chopped for cattle, 
coarse chopping is decidedly preferable 
to fine chopping. 

Chopping coarse-stemmed hay, such 
as much of the soybean hay, makes more 
saving than in the case of good alfalfa 
or clover hay. For example, in a Louisi- 
ana test chopping soybean hay for fat- 
tening cattle increased its value 25 per 
cent. 114 Shredding or chopping of com 
or sorghum fodder or stover is advisable 
to lessen the waste, and also because, the 
uneaten portion then makes much better 
bedding. 

It does not generally pay tq grind 
hay or other dry roughage for beef cat- 
tle, with the possible exception of sor- 
ghum fodder which contains considerable 
grain. Grinding is much more expensive 
than chopping, and in several tests has 
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generally made no more saving than 
chopping the roughage. 115 Processing 
sorghum fodder in a roughage mill that 
cracks the seed increases its value con- 
siderably more than merely chopping or 
: shredding it. 11G However, the ground 
fodder generally has a much lower feed- 
value per acre than sorghum silage. 

|[n some of the western alfalfa dis- 
where hay is usually cheap, it is 
only fed to fattening cattle in very 
il amounts. The wastage is hence 
er than when only as much is sup- 
d as will be cleaned up reasonably 
ell. Chopped alfalfa hay was compared 
with uncut hay in 25 Idaho and Oregon 
comparisons in which fattening cattle 
were fed alfalfa hay, usually with a 
limited amount of grain or silage in addi- 
tion. 117 On the average the cattle fed 
chopped hav gained 0.17 lb. more per 
head daily. From the standpoint of the 
amount of feed required per 100 lbs. 
gain, chopping the hay increased its value 
about 25 per cent. 

For fattening cattle there is no ad- 
vantage in mixing chopped or ground 
hay with the grain. 118 As shown in Chap- 
ter XXXI, this is sometimes done with 
fattening lambs heavily fed on grain, in 
order to lessen digestive disturbances. 

1202. Pelleted or cubed feed. — 
This method of preparing cattle feeds is 
now attracting much attention. Although 
trials with beef cattle are limited, if in- 
creased feed intake is secured, improved 
performance is usually secured in terms 
of gain and feed efficiency. Responses are 
usually greatest where use is made of 
poor quality forages rather than high 
quality ones. 

If pelleted cattle rations contain 
much less;- than 20 per cent roughage a 
reduction in feed intake and daily gain 
but increased feed efficiency may be se- 
cured. Fine grinding and pelleting of 
milo alone in a fattening ration has im- 
proved gains and feed efficiency slightly 
in Kansas experiments. 

Pelleting or cubing of a concentrate 
mixture reduces wastage from wind or 
scattering when fed either in bunks or on 


the ground. Added cost may offset ad- 
vantages of pelleting rations. 

1203. Self-feeding.— When fatten- 
ing cattle are to be fed all the grain 
they will eat, self-feeders are often used. 
As the hopper which holds the grain can 
be of considerable size, it requires less 
labor to keep it filled than to hand-feed 
the grain twice a day. Moreover, cattle 
generally gain a trifle more rapidly if 
self-fed than when hand-fed, even by 
experienced men. 

There is also probably less tendency 
for self-fed cattle to “go "off feed" than 
with those that are hand-fed. This is be- 
cause each animal soon learns he can 
eat what he wishes at any time, and 
therefore there is not the tendency for 
greedy steers to gorge, as they some- 
times do at feeding time when fed by 
hand. 

These advantages are offset to some 
extent by the fact that more grain and 
less roughage are consumed per 100 lbs. 
gain by self-fed animals, and generally 
the gains are slightly more expensive 
than those of cattle hand-fed by a good 
stockman. Plowever, the greater cost of 
the gains is usually offset bv a higher sell- 
ing price of the self-fed cattle, because of 
better finish. 

A self-feeder should not be used 
when one wishes to utilize the maximum 
amount of roughage in fattening cattle. 
Also, ear com is not well suited to self- 
feeding, as it tends to clog the feeder. It 
is therefore best to shell or grind corn 
for self-feeding. 

In order to avoid digestive disturb- 
ances, cattle that are unused to grain are 
not usually self -fed grain separately un- 
til they have been brought to a full feed 
of grain by careful hand-feeding. Occa- 
sionally, chopped or ground hay is mixed 
with the grain in starting the cattle on 
the self-feeder. The grain in the self- 
feeder should be protected from rain or 
snow, and care is necessary to avoid clog- 
ging, as an abundance of feed should be 
available at all times. 

When a protein supplement is used 
for self-fed cattle, the proper proportion 
of supplement is usually mixed with the 
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grain. If the supplement is fed free 
choice, the cattle are apt to eat more of 
it than is needed to balance the ration. 
However, in Oklahoma tests fattening 
calves did not overeat on protein sup- 
plement when self-fed, free choice, 
shelled corn, whole oats, and cottonseed 
meal, with prairie hay for roughage. 120 

Self-feeding of grain has been com- 
pared with hand-feeding in 13 experi- 
ments, in each of which one lot of cattle 
has been self-fed grain after they were 
safely on feed, while another lot was 
given the same grain by hand twice a 
day. 121 The roughages (hay or hay and 
silage) were hand-fed in the usual man- 
ner. Though expert cattlemen hand-fed 
the grain in these trials, the self-fed cat- 
tle gained 0.13 lb. more per head daily. 
While their feed cost per 100 lbs. gain 
was 26 cents higher, this was more than 
offset by a slightly higher selling price. 
On the average the net return per 
head over cost of feed was 87 cents per 
head more for the self -fed cattle, not con- 
sidering the saving in labor. When cat- 
tle are fattened by less experienced men, 
there would usually be more advantage in 
self-feeding. In these trials self-feeding 
was just as well suited to the fattening 
of calves as of older cattle. 

1204. Shelter; shade; hot weather. 
— Expensive buildings are not required 
for beef production. Even in a climate 
like that of the northern states, cattle 
make fully as rapid and economical gains 
when fattened during winter in an open 
shed with an adjacent exercise lot as 
when more warmly housed in a barn. 122 
A reasonable degree of cold is a benefit 
rather than a detriment to liberally fed 
fattening cattle. This is because more 
heat is unavoidably produced in chew- 
ing, digesting, and assimilating their food 
than is needed to keep their bodies 
warm. (231) 

In cold climates where there is con- 
siderable rain or snow during winter, it 
is advisable to provide a shed for shelter. 
Otherwise, the loss of heat in the evapo- 
ration of water from a wet skin, coupled 
with the loss by radiation, may be so 
great that food nutrients must be oxi- 
dized to keep the animal warm. 


Unless the winters are unusually 
severe, it does not pay to provide warmer 
winter shelter than an open shed for beef 
breeding cows or for young stock, except 
very young calves. For cattle being fed 
little more than a maintenance ration, 
warmer shelter will save a small amount 
of feed in cold climates, but it is dou 
ful if the saving will be sufficien 
justify much additional expense. 1 

In western regions where th 
little rainfall, no shelter except a 
break is commonly provided for bee 
tie. Even where the winters are se 
furnishing shelter in an open she 
barn does not appreciably increase t 
gains of fattening cattle or save enough 
feed to justify the expense. 124 

In humid regions with mild winters, 
as in the southern states, it may likewise 
not pay to provide shelter for beef cat- 
tle. 120 

When cattle are fattened in a dry 
lot during the summer, it may be advis- 
able to confine them to a bam or open 
shed, merely so that their coats do not 
become harsh and sunburned. Otherwise, 
the buyers at the central market may 
think that they have been fattened on 
grass and not offer the premium for them 
that cattle well fattened in the dry lot 
generally command. 

Where the summers are very hot, it 
is important to provide shade for beef 
cattle, as has been shown in Chapter 
VIII. 126 (233) In the corn belt and east- 
ward, there had best be shade for cattle 
on pasture, furnished either by trees or 
by a temporary shade. Opinions differ as 
to the value of shade for beef cattle in 
the range areas of the West, where the 
summers are less humid. 127 

Even when fattening cattle have 
shade, they usually make less rapid and 
economical gains in very hot weather 
than when it is cooler. 128 

1205. Confinement and exercise. — 
Beef breeding cattle and young stock be- 
ing wintered should be allowed plenty of 
exercise in outside paddocks during the 
winter. Not only does the exercise itself 
aid in keeping them thrifty, but also the 
exposure to sunlight will prevent any 
deficiency of vitamin D. (201) 
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On the other hand, too much exer- 
cise for fattening cattle will make the 
gains less rapid and more expensive. 
Thus, in Kentucky trials fattening steers 
confined in winter to a barn and exercise 
lot made more rapid gains and gave a 
~ igher net return than others that had 
run of a similar barn and were al- 
d to range at will on a 20-acre blue- 
pasture. 129 

he ordinary method of feeding fat- 
cattle in which they are fed as a 
b, having access to a common feed 
and hay rack, is decidedly prefer- 
e to confining them in stanchions. Not 
Inly is there a saving of labor and equip- 
ment, but also the group-fed cattle will 
usually eat more feed, because of com- 
petition at the feed bunk, and make more 
rapid gains. 130 The group-fed cattle may, 
however, require a trifle more feed per 
100 lbs. gain, because of their greater 
activity. 

1206. The paved feed lot. — Where 
the soil and the climate are such that a 
feed lot will otherwise become a sea of 
mud and mire in winter, paving the lot 
will pay. 131 It will make the cattle more 
comfortable and will increase their gains, 
and also the pigs following the steers 
will be able to utilize the grain in the 
droppings more completely. In addition, 
there will be much less waste of manure. 


1207. Dehorning. — Homed cattle 
are at a distinct disadvantage in the feed- 
lot. They need more room than dehorned 
or polled cattle, they make less rapid 
gains, and they commonly sell at a lower 
price on the large markets, because of 
damage to hides and carcasses. It there- 
fore pays well to dehorn feeder cattle 
before they are fattened for market. 132 

QUESTIONS 

1. Why is it more necessary than formerly 

that beef cattle being fattened for 
market be fed well-balanced rations? 

2. Compare the nutrient requirements of 

beef cows with those of dairy cows. 

3. Compare the requirements of fattening 

cattle with those of cattle being car- 
ried through the winter for fattening 
later. 

4. About how much will 100 lbs. of protein 


supplement, such as linseed meal or 
cottonseed meal, be worth for fatten- 
ing cattle in comparison with grain, 
when added to a ration that has in- 
sufficient protein? 

5. Discuss the addition of a protein supple- 

ment to grain and legume hay for fat- 
tening cattle. 

6. Discuss the use of protein supplements 

with part non-legume roughage. 

7. Under what conditions may the quality 

of protein in a protein supplement be 
of importance for fattening cattle? 

8. How can urea be used satisfactorily as a 

substitute for part of the protein for 
beef cattle? 

9. Discuss the value of certain combinations 

of protein supplements. 

10. Discuss the requirements of beef cattle 

for: (a) Salt; (b) calcium; (c) phos- 
phorus; (d) trace minerals. 

11. What conditions are necessary for the 

successful self -feeding of a mixture of 
protein supplement and salt? 

12. Discuss the requirements of beef cattle 

for vitamins, other than vitamin A. 

13. When should a carotene or vitamin A 

supplement be fed beef cattle? 

14. Why is good roughage important for 

beef cattle? 

15. Discuss: (a) Adding a small amount of 

alfalfa to rations for fattening cattle; 
(b) Purdue Supplement A and other 
complex supplements. 

16. Compare the value of supplements hav- 

ing only 20 to 30 per cent protein 
with that of a supplement having 40 
per cent protein, 

17. What results have been secured in ex- 

periments in which fat has been added 
to a ration for fattening cattle? 

18. How much water do beef cattle need? 

19. Should an antibiotic feed supplement be 

added to a ration for fattening cattle? 

20. Discuss the use of stilbestrol for fatten- 

ing cattle. 

21. Under what conditions and for what ages 

of cattle is it economical to limit the 
amount of concentrates fed fattening 
cattle? 

22. Define margin and necessary margin. 

State the effect of each of 5 factors on 
the necessary margin. 

23. Discuss the value of beef blood for beef 

production, considering: (a) Rapidity 
and cost of gains; (b) early maturity; 
and (c) value of carcass. 

24. How would you decide which grade of 

feeder steers to purchase? 

25. What results have been secured in trials 
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Iowa Leaflet 16, and mimeo, xpts.' ' , 

23. Parrish, Kan., mimeo. rpt. 

24. Smith and Parrish, Kan. Rpt. 1948-50; Smith, 

Parrish, and Clawson, Kan, Cir, 273; Smith, 
Parrish, and Splitter, Kan. Cirs. 283, 297, 
and mimeo. rpts. , ■V'y-'sAVr 0 -'/ : 

24a. Stanley, Pahnish, and Safley,,. Ariz. Mimeo. 

Rpt. 105. •: 

25. Evvard, Iowa, Breeder’s Gazette, 76, 1919, p. 

. 307; Evvard, Culbertson, et.' ah, Iowa, 
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in which beef-bred steers have been 
compared with dairy-bred steers? 

26. What is known concerning the relation 

between the conformation of cattle 
and the rate and economy of gains? 

27. Discuss the influence of age upon the 

economy of gains by beef cattle. 

28. Upon what factors would you base your 

decision concerning the age of feeder 
cattle to buy? 

29. Why is it important both for the beef 

producer and for the consumer not to 
carry fattening cattle to an excessive 
degree of fatness? 

30. Discuss the results secured from the fat- 

tening of heifers. 

31. Discuss the chopping of hay and other 

dry roughage for beef cattle; the 
grinding of roughage. 

32. When is there an advantage in using 

pelleted feed for beef cattle? 

33. When would you recommend the self- 

feeding of grain to fattening cattle? 

34. Discuss the needs of beef cattle for shel- 

ter under various climatic conditions. 

35. Contrast the requirements of breeding 

cattle and of fattening cattle for exer- 
cise. 
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FEED AND CARE OF BEEF CATTLE— METHODS AND COSTS 
L OF BEEF PRODUCTION— VEAL PRODUCTION 


E l. The Beef Breeding Herd 

1208. Importance of pasture in beef 
iction. — Pasture is the foundation of 
)mical beef production, for it com- 
y furnishes much cheaper feed than 
do any harvested crops. Unless the beef 
herd is maintained on good pasture dur- 
ing as large a part of the year as possible, 
the costs will generally be high and the 
profits much reduced. 

It has been emphasized in Chapter 
XIII that the productivity of pastures 
can be greatly increased and the forage 
made much more nutritious by modern 
methods of pasture improvement. These 
include the use of high-yielding pasture 
mixtures, proper pasture fertilization, and 
efficient pasture management. 

During recent years outstanding ad- 
vances have been made throughout this 
country in the general adoption of pas- 
ture improvement practices. However, 
even yet many farmers do not appreciate 
the true productive possibilities of pas- 
ture, and they give but little attention to 
their pasture fields in comparison with 
their tilled crops. 

The value and use of many different 
grasses and legumes for pasture have 
been considered in detail in Chapters 
XIII, XVI, and XVIII. It is there pointed 
out that for pasture in humid regions 
certain combinations of legumes and 
grasses are generally more productive 
than any single grass or legume. Such 
high-yielding combinations are alfalfa 
and timothy or bromegrass, Ladino clover 
and grass, and lespedeza and grass. By 
selecting the pasture mixture that is best 
adapted to the local conditions, maxi- 
mum yields of nutritious forage can be 
obtained. 

The fattening of cattle on pasture is 
discussed later in this chapter. 


1209. Establishing a beef herd. — 
In establishing a beef breeding herd one 
should start with well-bred cows of beef 
type, if possible, in order to secure calves 
that will make economical gains, mature 
early, and bring a high price when mar- 
keted. A purebred bull of good quality 
should always be used. 

Recent experiments show that under 
most conditions beef cattle of large or 
intermediate size have certain economic 
advantages, in comparison with “com- 
pact,” or “comprest” cattle. 1 The calves 
are larger at birth and at weaning time, 
and in the feed lot make more rapid 
gains. 

When fattened, the larger animals 
do not reach the same degree of fatness 
and Federal Grade so soon as the com- 
pact animals, but on a liberal fattening 
ration there is no significant difference in 
the amounts of feed required per 100 lbs. 
gain to reach the same degree of fat- 
ness, However, the larger cattle are more 
efficient when they are fattened chiefly 
on roughage, with a minimum amount 
of concentrates. 

The amount of feed required by 
beef cows of the different sizes is approxi- 
mately proportional to their liveweights. 
Therefore, large cows definitely need 
more feed than smaller ones. This is of 
much less importance in the case of 
breeding herds maintained largely on the 
National Forests or other public grazing 
land, where the grazing fees are based 
on the number of cows, without regard 
to their size. 

The greater amount of feed eaten by 
the larger cows is offset by the larger 
size, faster gains, and greater market 
weights of their calves. Also the per- 
centage calf crop raised tends to be ap- 
preciably higher for large or intermedi- 
ate cows than for those of the compact 
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type. In addition, with compact or com- ford to feed much grain to his beef cows, 
prest cows there is apt to be a greater Cows kept solely for beef produc- 

occurrence of hereditary “dwarfism” in tion are commonly grazed on pasture 
the calves. during the growing season. The suckling 

There are three general systems of calves run with their dams and no addi- 
handling beef breeding herds. These are: tional feed is given to cows or calves. In 
(1) The regular beef method; (2) the fall the cows can get their livings 
“baby-beef” production; and (3) the chiefly from feed that might be otherww 
“dual-purpose” system. In the first two wasted, such as stubble or stalk fijlffs 
systems the calves run with their dams and the aftermath of meadows. 
until weaned, none of the cows being little foresight, the amount of such 
milked. Cows producing calves intended feed may be increased by seeding 


A Well-bred Beef Herd 

The calves from well-bred beef cows make economical gains, mature early, and bring 
a good price when marketed. 

for baby beef are, however, commonly or clover in the small grain, and rape in 
fed a little more liberally, as is pointed the corn fields. Shade should always be 
out later. ( 1242 ) In the dual-purpose supplied the herd at pasture, 
system beef production is combined more The winter feed and care may range 

or less with dairying. ( 1216 ) from the most intensive system, where 

1210. Feeding beef breeding cows. tihe herd is fed in barn or shed with the 
— Where cows are kept only to raise freedom of exercise paddocks, to the 
calves for beef, the cost of their keep for practice followed in many range, districts, 
an entire year must be charged against where the chief feed is that furnished 
the calves at weaning time. It is there- b y winter range on which the grass 
fore essential that the breeding herd be kas been allowed to grow up and mature, 
maintained as cheaply as possible, yet 1211. Nutrients required by beef 

kept in vigorous breeding condition. Only cows. — It has been emphasized in Chap- 
a breeder of purebred stock who wishes ter IX that to produce thrifty, vigorous 
to keep his herd in somewhat of “show offspring the dams must receive rations 
condition” as an advertisement can af- which supply sufficient protein, minerals, 


FEED AND CARE OF BEEF CATTLE 



and vitamins. (288-292) Fortunately, 
much smaller quantities of these nutri- 
ents are needed for wintering beef breed- 
ing cows than for feeding dairy cows in 
milk. This is because beef cows usually 
calve in the spring and are dry during 
^"“ter. They therefore need nutrients 
ely to maintain their own bodies and 
the growth of the fetus. As we have 
in Chapter IX, the amounts of nu- 
s required for the development of 
f to birth are not very large. (292) 

It is for this reason that beef cows 
h be wintered satisfactorily on rough- 
age alone, when some legume hay is 
available. If only non-legume roughage is 
fed, there should be added to the ration 
1 lb. per head daily of a protein supple- 
ment, such as soybean oil meal, cotton- 
seed meal, or linseed meal. 

Beef cows should receive sufficient 
feed during the winter to keep them in 
thrifty condition. Otherwise, they may be 
unable to produce strong calves and 
nourish them with a good flow of milk. 
If they go into the winter in poor flesh, 
because of a shortage of feed on pasture, 
a little grain may be needed to get them 
in suitable condition before calving. 

Too-liberal feeding of grain is not 
only extravagant but also may be actually 
injurious. Experienced beef producers 
know that the best calf crop is apt to be 
secured from cows kept in vigorous con- 
dition on a properly-balanced ration, 
rather than from cows which are fat. 

Under range conditions where the 
beef cows must get most of their winter 
feed from mature and weathered grass 
and other forage, the supply is often so 
scanty in amount and poor in quality that 
the percentage calf crop raised is very 
low. (1247) Under such conditions the 
net income can be greatly increased by 
supplying enough supplementary feed to 
keep the; cows in thrifty condition. 

1212. Protein; minerals; vitamins; 
total digestible nutrients. — There will be 
no shortage of protein, calcium, or vita- 
mins if the cows receive at least 4 to 5 
lbs. per head daily of well-cured legume 
hay, or mixed legume-grass hay supply- 
ing this amount of legume forage. The 
same is true when legume or legume- 


grass silage forms a considerable part of 
the ration. 

In such rations there will also be no 
lack of phosphorus, unless the roughage 
has been raised on soil deficient in this 
mineral. When non-legume roughage is 
fed with 1 lb. per head daily of protein 
supplement, the ration will have ample 
phosphorus, but there may possibly be a 
lack of calcium, unless the roughage was 
grown on soil well supplied with cal- 
cium. If no legume hay is fed, it is wise 
to furnish about 0.1 lb. of ground lime- 
stone or other calcium supplement per 
head daily. 

Beef cows that have been on good 
pasture during summer go into winter 
with a considerable store of vitamin A 
and carotene in their bodies. (1176) 
Therefore, unless the winter is too long, 
they can be wintered successfully on a 
ration very low in carotene, such as straw 
and 1 lb. per head daily of protein sup- 
plement. However, as insurance against 
a lack of vitamin A, it is much safer to 
feed, along with such roughage as straw, 
at least a limited amount of well-cured 
hay, of silage, or of good corn or sor- 
ghum fodder. This is especially impor- 
tant if the cows go into winter in poor 
condition and depleted of vitamin A, be- 
cause of drouth-stricken pastures. 

Beef breeding cows that are outside 
in the sunlight most of the day are amply 
protected against any lack of vitamin D. 

Plenty of salt and a proper supply 
of water should always be furnished the 
cattle. If trouble is experienced from 
goiter, or “big neck,” in new-born calves 
this may be prevented by supplying the 
cows with iodized salt during at least the 
latter half of the pregnancy period. ( 170) 

The amounts of nutrients advised 
for beef cows are stated in the Morrison 
feeding standards. (Appendix Table III.) 

If one is in doubt as to whether the ra- 
tion he intends to feed his breeding cows 
is adequate, he should see how the 
amounts of the various nutrients in the 
ration correspond with the standards. If 
necessary, a protein or mineral supple- 
ment should be provided. 

In the case of mature cows the 
amount of total digestible nutrients may 
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fall slightly below the minimum in the 
standard, if the cows go into winter in 
good flesh. On such a ration, however, 
the animals will probably lose in weight 
slightly during the winter. Cows which 
are not yet mature should be fed a little 
moi-e liberally than full-grown ones, as 
they need additional nutrients for 
growth. Cows nursing calves in winter 
require more feed than those which are 
dry, as is shown in the feeding stand- 
ards. (Appendix Table III.) 

1213. Wintering cows chiefly on 
corn or sorghum forage. — Where corn or 
the sorghums thrive, these premier for- 
age crops should generally furnish much 
of the roughage for the breeding herd. 
The crop may be fed, grain and all, as 
silage or dry fodder, or the grain may 
be removed and the stover fed either as 
dry stover or stover silage. 

Experiments have shown that corn 
or sorghum silage is much more econom- 
ical than the dry fodder, for it is con- 
sumed with less waste and will maintain 
the cows in better condition. 2 Beef cows 
may be wintered very satisfactorily on 
50 to 60 lbs. of corn or sorghum silage 
per head daily and 1 lb. of cottonseed 
meal, linseed meal, or similar protein sup- 
plement. 3 This will keep them in good 
condition. Even 40 lbs. per head daily of 
corn silage with 1 lb. of supplement 
maintained cows in fair condition in an 
Illinois test. 4 Though the cows did not 
carry as much flesh as many breeders 
would desire, their health was not in- 
jured, and they produced vigorous calves. 

In another Illinois trial beef heifers 
were raised on only corn silage and pro- 
tein supplement, and fed this ration for 
4 years until they had produced two 
crops of calves. 5 No ill effects of any 
kind were observed, and the calves were 
strong and vigorous. 

Often it is most economical to use 
silage in combination with hay, straw, or 
other dry roughage. An excellent combi- 
nation is 5 lbs. or more of legume hay 
and 25 to 30 lbs. or more of com or sor- 
ghum silage. 6 Another satisfactory ration 
is 20 to 25 lbs. of corn or sorghum silage, 
with what straw the cows will eat and 1 
to 1.5 lbs. of protein supplement. 7 When 



com or sorghum silage is fed as the only 
roughage or else with non-legume rough- 
age, it is important to feed a protein sup- 
plement. 8 A calcium supplement should 
also be supplied, except perhaps where 
the soil is high in lime. 

It has been shown in Chapter XVlBj 
that corn-stover silage is satisfactory 
the chief feed for wintering mature bjB 
cows. (531) If possible, good legume JH 
should be fed with the stover silagaHg! 
1 lb. per head daily of a high-protein Ml 
plement should be supplied, along wHg 
some hay or dry fodder. WB 

1214. Wintering on hay and other 
feeds. — In the alfalfa districts of the 
West, alfalfa hay is widely used as the 
chief x-oughage for wintering beef cows. 
They can be kept in excellent condition 
on 18 to 25 lbs. of alfalfa hay a day, but 
often the cost can be reduced by combin- 
ing the alfalfa with some cheaper rough- 
age, such as prairie hay, com or sorghum 
fodder or stover, or straw. 8 

In Montana trials oat hay was even 
better than alfalfa hay as the only feed 
for wintering beef cows, because of the 
grain it contained. 10 Sweet clover hay, 
native bluejoint hay, and corn fodder 
were also satisfactory as the only feed. 

Hay made from clippings of grass 
pastures were too low in protein to be sat- 
isfactory as the only winter feed for beef 
cows in Mississippi trials, and needed 
supplementing with 1 lb. of pi’otein sup- 
plement per head daily. 11 

Beef cows can be wintered very 
satisfactorily on hay-crop silage with a 
limited amount of hay. As shown in 
Chapter XV, the relative value of hay- 
crop silage, in comparison with com 
silage, is much greater for beef cows than 
for wintering calves. (439) 

In the southern states Temporary 
winter pasture crops, such as crimson 
clover and rye grass or small grain, can 
often provide much of the feed during 
winter. 12 (482, 583) 

The wintering of beef qows entirely 
or chiefly on straw has been discussed in 
Chapter XVII. (622) 

1215. Supplementing winter range. 
— In those range sections where the grass 
or other forage is not usually covered by 
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snow in winter, the beef herd is wintered 
as largely as possible on the range. The 
mature, weathered winter pasture is like 
straw in nature, being low in protein, in 
phosphorus, and in total digestible nu- 
trients. In addition, it generally has but 
fifle . carotene. Severe nutritive deficien- 
s may therefore result if cows have no 
er feed for too long a time, especially 
hey are not in good condition at the 
nning of the winter period. 
Commonly, only enough supple- 
ntal feed is furnished in addition to 
inter range, to keep the cows from 
running down seriously in condition. 
Often a supply of hay or of silage (usu- 
ally in a trench silo) is kept on hand to 
meet shortages of feed on the range 
during the winter. Others supplement the 
winter range by feeding cottonseed cake 
or some other protein supplement, when 
necessary. 

The amount and kind of supple- 
mental feed needed in addition to winter 
range is entirely a local problem, as it 
depends on the feed available on the 
range. In some areas, it does not pay to 
supply supplemental feed under usual 
conditions. 13 In other districts, supple- 
mental feeding greatly increases the per- 
centage calf crop, reduces the death 
losses, and increases the weaning weights 
of the calves. 14 

The poor results that follow when 
beef cows are wintered on a scanty sup- 
ply of inferior forage are shown by the 
fact that beef herds wintered on pine 
forest ranges in the southeastern states 
without supplemental feed often have but 
a 50 per cent calf crop. 12 The average 
weaning weight of the calves is only 
about 300 lbs., and there is a 5 per cent 
annu||^lle^th loss of the cows. Under 
such’ 'Conditions many of the cows calve 
oofy in' 4 Alternate years, as they fail to 
breed successfully while nursing calves. 

{ Adequate nutrition of the cows 
would greatly raise the calving percent- 
as increase the weaning 
weignlrOT the calves and greatly reduce 
the death loss. 

In contrast with the poor results in 
such * piney-woods” herds, are those se- 
cured by Missouri commercial beef pro- 


ducers who kept records over a period of 
14 years. 15 In these records, including 
more than 10,000 calves, the calf crop 
averaged 95.5 per cent, the calves gained 
1.76 lbs. a day, and the average weaning 
weight was 445 lbs. at 207 days of age. 

The need for supplementing winter 
range will depend to a considerable ex- 
tent on the quantity and quality of the 
range forage the cows have secured the 
previous summer. If the season has been 
favorable, the cows will go into winter 
in good flesh and with a good store of 
vitamin A in their bodies. They can 
then draw on their body reserves to 
some extent during winter without in- 
jury. On the other hand, in case of 
severe summer drouth, their bodies will 
be depleted, and bad results will follow 
unless their winter feed is adequate. 

Montana trials show that when the 
summer feed has been good on the range 
and the calves are weaned by mid- 
October, cows may lose 50 to 125 lbs. in 
weight during winter and still produce 
normal calves. 16 In these tests cows fed 
1 to 2 lbs. of cottonseed cake per head 
daily in winter, in addition to range pas- 
ture, maintained their weights better 
than did cows fed no supplement. How- 
ever, the weaning weights of the calves 
the next season were not enough greater 
to cover the cost of feeding the cotton- 
seed cake to all of the cows. A practical 
way to reduce the cost is to separate out 
the thinner and weaker cows and feed 
the supplement only to them. 

In Oklahoma trials good results were 
secured when cows were fed 8 lbs. of 
alfalfa hay or else 2.6 lbs. of cottonseed 
cake per head daily to supplement winter 
range. 17 The cost was less, on the aver- 
age, than when they were wintered on 
prairie hay plus 1.3 lbs. cottonseed cake. 

In South Dakota experiments 8 to 
10 lbs. of early-cut native hay per head 
daily was a better supplement to winter 
range than 1 lb. of 40-per-cent-protein 
cubes, but the same amount of late-cut 
native hay was much less satisfactory. 18 

1216. Feeding dual-purpose cows. 
— Where dual-purpose cows are kept and 
milked so as to secure dairy products as 
well as a crop of calves, the cows should 
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be fed the same as dairy cows and the 
calves should be raised much like dairy 
calves, except that they should be forced 
to rapid growth through more liberal 
feeding. Since most dual-purpose cows 
yield only a moderate amount of milk, it 
is especially important that they be fed 
strictly according to their actual produc- 
tion, instead of being given more con- 
centrates than they will pay for at the 
milk pail. 

Sometimes the “double nursing” 
method is followed, in which about half 
the cows in the herd nurse two calves 
each and the others, from which the 
calves have been taken, are milked. It is 
essential that all the cows nursing calves 
be good milkers, as otherwise the calves 
will not make the gains desired. 

1217. The beef bull. — Under farm 
conditions the bull should be kept sepa- 
rate from the herd of cows except at the 
breeding season. This plan is also often 
followed in range herds, so that the 
calves will come within a certain time 
and so that the bulls will have an oppor- 
tunity to get in good condition before the 
next breeding season. 

A vigorous bull 3 years old or over 
should serve 40 to 50 cows when hand- 
mated, and 25 to 30 when he runs with 
the cows on pasture during the breeding 
season. On the western range the aver- 
age number of cows per bull is about 25, 
except in rough and mountainous coun- 
try, where a bull to every 15 to 20 cows 
is a common proportion. A yearling bull 
should be hand-mated to no more than 
10 to 12 cows during the breeding sea- 
son, and a 2-year-old to no more than 
25 to 30 cows. It is not wise to allow 
young bulls to run with the cows on 
pasture during the breeding season. 

The same general principles apply 
to the feeding and care of beef bulls as 
for dairy bulls. (1155-1157) The bull 
should be kept in good, thrifty condition 
but not fat. Previous to the breeding 
season he should be well fed, and con- 
centrates should be added at other times, 
as needed, to keep him in proper condi- 
tion. Some prefer to feed only a limited 
amount of silage to a bull prior to the 
breeding season or during it, as he may 


otherwise become too paunchy. (1156) 
If a bull is a “hard keeper” and requires 
an abnormal amount of feed to keep him 
in proper flesh, he should be discarded, 
for he cannot be expected to sire cattle 
which will make economical gains. The 
importance of using a good purebred 
sire has been emphasized in the previou 
chapter. (1189) 

II. Raising Beef Cattle 

1218. The beef calf. — Most 
producers prefer to have the calves b 
in the spring, because the cows can th 
be wintered more cheaply than when 
they calve in the fall. If the cows are 
well fed during the winter and have 
proper shelter, it is generally best to 
have them calve in the early spring or 
even in late winter. 

Early calves, coming before the 
spring work starts, can be given more 
attention. When the cows go to pasture 
in the spring, the calves will be old 
enough to use the increased milk flow 
to advantage. Also, early calves can uti- 
lize summer pasturage better than late 
calves and will be much larger and in 
better condition in the fall. 

Especially in the southern states, 
fall calves may be more profitable than 
spring calves, if plenty of good feed is 
provided during fall and winter for the 
cows and calves. 19 The calves will usu- 
ally bring a good price as fat slaughter 
calves at weaning in early summer, or 
they can be finished for marketing at 
about a year of age, when the supply 
of well-fattened young cattle is limited. 

When the calves are bom on pas- 
ture, the cows usually have no difficulty 
in calving and need little aitention. Even 
when they calve in winter^ beef cows, 
except 2-year-old heifers, are not apt to 
need assistance at calving time, as 
sometimes the case with dairy . r .ca^s. 
This is because their calves are rather 
small at birth, generally weighing only 
60 to 75 lbs. 

Under the simplest method of beef 
production, the calves are not fed any 
grain or other concentrates while they 
are with their dams on pasture during 
the summer. Suckling calves should gain 
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1.25 to 1.75 lbs. or more a day, if their 
dams give a good flow of milk. 

Arkansas studies show that the rate 
of gain of suckling calves depends to a 
considerable extent on the milk produc- 
tion of their dams. 20 The milk yield of 
77 beef cows was determined by milk- 
*ng out half of the udder on one day 
^ch month and the other half the fol- 
ing day. The average total yield per 
r was 1,498 lbs., with a range from 
igh of 2,458 lbs. to a low of only 312 
The calves from cows that averaged 
ore than 13 lbs. of milk a day at peak 
production, weighed 475 lbs. at weaning, 
while those from cows that produced 
less than 6.5 lbs. at maximum daily yield 
averaged only 354 lbs. These data show 
the importance of good milk production 
by the cows. 

All bull calves that are not to be re- 
tained for breeding should be castrated, 
preferably before fly time and when from 
1 to 2 months of age. Calves to be fed for 
the market should be dehorned, unless it 
is the intention to sell them as fat calves 
at weaning time. A good plan, where 
practicable, is to prevent the growth of 
the horns by using a caustic pencil be- 
fore the calves are 3 weeks old. 

Spring calves are commonly weaned 
in the fall by separating them from their 
dams. To avoid a loss of weight at this 
time, it is best to teach farm-raised calves 
to eat grain and hay before they are 
weaned, and then feed them well when 


they are taken from their mothers. 

In dual-purpose herds the same 
methods may be used for raising the 
calves as in dairy herds. Though beef- 
type calves raised chiefly on skimmilk 
will not make as rapid gains to 6 months 
of age or be as fat as calves that nurse 
their dams, they will make fully as rapid 
and economical gains when later fattened 
for market . 21 


1219. Creep-feeding suckling calves. 
— Beef calves that are running with their 
mothers on good pasture need no grain, 
in addition to the pasture and their 
dams’ milk, to make satisfactory growth. 
However, supplying grain for the calves 
by means of a creep is often profitable 


with farm-raised calves under 
conditions. 

Creep-feeding is advisable in the 
case of purebred calves on which maxi- 
mum growth is desired. Experiments 
have shown that it also is generally 
profitable, unless the pasture is much 
better than average, for well-bred calves 
that are to be sold for beef at weaning 
time or shortly thereafter. Fall or early 
winter calves should be creep-fed during 
the barn-feeding period. 

On the other hand, creep-feeding 
does not pay, except when pasture is 
scanty, for calves to be fattened on grain 
for 4 or 5 months or longer, after wean- 
ing. 22 When spring calves are to be sold 
as feeders in the fall, it will pay to creep- 
feed them on good pasture only if they 
will probably bring a higher price per 
hundredweight, because they are heavier 
and fatter. Often men who buy calves 
for fattening prefer calves in only mod- 
erate condition, because such calves, if 
thrifty, will make the cheapest gains. 

In 31 tests of creep-feeding, the 
calves which were creep-fed while nurs- 
ing their dams gained 1.83 lbs. daily, 
which was 0.38 lb. more than for others 
not creep-fed. 23 The difference in total 
gain per calf for these trials, which 
averaged 153 days in length, was 58 lbs. 
The total amount of grain and other con- 
centrates eaten per calf was 524 lbs., in- 
cluding that consumed by the cows while 
the calves were learning to eat. For each 
100 lbs. of additional gain, the creep-fed 
calves were therefore to be charged with 
903 lbs. of concentrates. In 23 tests in 
which the selling prices were reported, 
the creep-fed calves were worth $1.21 
more per hundredweight at weaning 
time. In most of these tests the greater 
gains and the increased selling price paid 
well for the concentrates fed. 

If the pasture furnishes an abun- 
dance of feed and if the cows are good 
milkers, creep-fed calves may not eat 
enough concentrates in the creep to cause 
much difference in rate of gain. Thus, in 
4 North Carolina tests calves creep-fed 
on native reed and cane pasture ate an 
average of only 130 lbs. of concentrate 
mixture in 168 days and gained only 12 




Beef Calves Eating Corn in a Creep on Pasture 

Feeding grain by means of a creep to well-bred calves running with their dams on 
pasture generally pays if the calves are to be sold as fat calves at weaning time or shortly 
thereafter. The entrance to the creep cannot be seen in this photograph. 

creep-fed a mixture of 9 parts of shelled dams on pasture proved preferable to 
corn and 1 of cottonseed meal gained keeping the calves in a separate en~ 

slightly more than others fed only shelled closure where they were fed grain, and 

corn or a mixture of 2 parts corn and turning them with the cows to Wirse only 
1 part oats. 25 They also sold for 50 cents twice a day. 27 

more per hundredweight and gave a 1220. Wintering calves.— Calves be- 

slightly larger net return. In Oklahoma ing wintered for later fattening must be 

trials calves ate considerably more of a fed primarily on roughage, in order to 

creep mixture containing molasses than keep the cost of feed as low as possible, 

others ate of a mixture without mo- While the ration must be cheap, it is es- 

lasses. 26 There is no advantage in grind- sential that the calves be kept growing 

ing com or oats for suckling calves. thriftily. Sufficient protein, minerals, and 

The creep should be built at a spot vitamins must be provided to meet the 

in the pasture where the calves tend to requirements of animals of this young 
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age, or they will fail to make the desired 
growth. 

The amounts of nutrients required 
per head daily for wintering calves and 
yearlings of various weights are shown 
in the feeding standards in Appendix 
Table III. Also, several example rations 
suited to various conditions are given in 
pendix Table VII. 

Many experiments have been con- 
:ted to compare various rations and to 
r d the best methods of wintering calves 
lich are later to be handled in different 
ays. 2S These experiments have shown 
that if the calves are to be pastured dur- 
ing the following summer without grain 
being fed in addition, the gain during 
the winter should not be too large, or 
the summer gains on pasture will be 
greatly reduced. 

If the* summer grazing will prob- 
ably be good, it is generally advisable to 
feed calves so they will gain at least 
0.75 to 1.00 lb. per head daily. This will 
keep them thrifty, produce good 
growth, and prevent them from losing 
much in condition. The gains will be 
sufficient to pay for the feed consumed 
during the winter, and hence the cost of 
the calves per 100 lbs. in the spring 
should be no greater than it was in the 
previous fall when they came off pasture. 

If the cattle are to be fed grain on 
pasture the following season, or if they 
are to be fattened in dry lot in spring 
and summer, it is usually best to feed 
sufficient grain or other concentrates in 
winter to keep them improving in condi- 
tion, or degree of fatness. 

Feeding 2 lbs. or more of grain per 
head daily in winter may also be most 
profitable when the cattle are to be 
grazed on good pasture, without grain 
until midsummer, and then finished for 
market by full feeding grain on pasture 
or in/! dry lot. The fattening of calves 
throughout the winter in baby beef pro- 
duction is discussed later. (1242) 

4f the cattle will have only rather 
poor pasture in summer, it may be best 
to limit the winter feed so that they will 
gain only about 0.50 lb. per head daily. 

It is almost always advisable to secure at 
least this much gain during the winter. 


1 instead of feeding the calves so scantily 
that they grow in skeleton, but merely 
1 maintain their weights. If they do not 
1 gain during the winter, all the feed and 
i labor is spent just for carrying them over 
: to spring. The cost of the calves per 100 
: lbs. live weight in the spring will then 
be considerably greater than if they had 
been fed so as to make reasonable gains. 

Many men who fatten western 
feeder cattle during the spring and sum- 
mer, buy calves in the fall and carry 
them through the winter, instead of mak- 
ing their purchases in the spring. They 
find that they can generally get calves 
of good quality more readily in the fall, 
when the supply on the market is great- 
est. By carrying the calves through the 
winter, they dispose of much farm-grown 
roughage. Also, if the calves are fed 
economical rations, the cost per 100 lbs. 
will usually be less in the spring than 
the price at that time for animals of simi- 
lar quality on the feeder markets. 

1221. Rations for wintering calves. 
— In the alfalfa districts of the West, al- 
falfa hay is a standard ration for winter- 
ing calves or older cattle. If calves are 
fed all the good alfalfa hay they will 
clean up reasonably well, they will eat 
12 to 20 lbs. of hay a day, depending on 
their size, and should gain about 0.75 to 
1.0 lb. per head daily. When thus fed, 
they may waste about 2.0 to 2.5 lbs. of 
hay a day, but this refuse hay can often 
be fed to older stock being carried 
through the winter. 

Well-cured clover hay or mixed 
clover-and-grass hay is about equal to 
alfalfa hay in value for calves. Unless hay 
from the grasses is cut earlier than usual, 
it is too low in protein to be satisfactory 
as the only feed. Good results are se- 
cured when good-quality timothy hay, 
prairie hay, or other grass hay is fed with 
0.5 to 1.0 lb. per head daily of cotton- 
seed meal or other protein supplement. 

By liberal nitrogen fertilization, 
combined with early cutting, native hay 
containing a high percentage of protein 
was produced on a mountain meadow in 
recent Colorado trials. 29 Such hay would 
furnish plenty of protein, even for calves. 

To reduce the cost, it is often ad- 
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visable to feed, along with alfalfa hay or 
other legume hay, some cheap roughage, 
such as com or sorghum fodder or stover, 
or even straw. Calves fed 4 to 6 lbs. of 
alfalfa hay per day, with what straw they 
will eat, do not make much gain in 
weight, but can be carried through the 
winter in thrifty condition. By adding to 
such a ration 2 or 3 lbs. of grain per 
head daily, satisfactory gains can be se- 
cured. 

In many sections of the country, 
silage from corn or the sorghums pro- 
vides the cheapest roughage for calves. 
An excellent ration is 3 to 4 lbs. alfalfa 
hay and sufficient corn or sorghum silage 
to produce the desired gain in weight. 
On this amount of legume hay and 25 
lbs. of corn silage, calves should gain a 
pound or more a day. A somewhat 
larger amount of sorghum silage will be 
needed to produce this gain. Unless at 
least 3 lbs. of legume hay are fed per 
day with corn or sorghum silage, a pro- 
tein supplement should be added. 

Contrary to some earlier opinions, 
cattle fed silage during the winter will 
make just as good gains on grass the 
following summer as others that have 
made similar winter gains on dry feed. 

Very satisfactory gains are made 
when calves are wintered on a sufficient 
amount of corn or sorghum silage, plus 
0.75 to 1.0 lb. per head daily of a pro- 
tein supplement, such as cottonseed 
meal, soybean oil meal, or linseed meal. 
When thus used to balance the ration, 
100 lbs. of such a supplement are worth 
as much as 300 lbs. of alfalfa hay. 

Because of the lack of grain in hay- 
crop silage, on this silage it is necessary 
to feed calves 2 to 3 lbs. or more of grain 
per head daily to make as much gain as 
they will on corn silage with 1 lb. of 
protein supplement. (439) 

Because wheat bran has only a 
medium protein content, Kansas experi- 
ments have shown that it takes 2 lbs. of 
bran to produce as good results as 1 lb. 
of cottonseed meal or cake per head 
daily, when used as the protein supple- 
ment in a wintering ration. 30 Other ex- 
periments by the Nebraska and Kansas 
Stations have shown that when protein 


supplements are high in price compared 
with farm grain, 2.0 lbs. of ground bar- 
ley, oats, wheat, or grain sorghum can 
be used in place of 0.75 to 1.00 lb, of 
protein supplement, such as cottonseed 
cake or meal. 31 Corn is too low in pro- 
tein to be used alone, but an allowance 
of 1.0 lb. corn and 0.75 lb. cottonsee 
cake, fed with silage or other suitabj 
non-legume roughage, gives good resu. 

Corn-stover silage or silage m 
from grain-sorghum stover should not 
used as the only roughage for calvesA 
more nutritious roughage is avaiiabl 
When such silage or dry com or sorghum 
st over is the chief roughage, it will be 
necessary to feed some grain to keep the 
calves in good condition. 

Sometimes straw is used as the only 
roughage for wintering calves, but this 
is not advisable under usual conditions, 
for straw is very low in total digestible 
nutrients and deficient in protein and 
carotene. When straw is thus fed, the 
calves should receive 1.0 lb. of protein 
supplement per head daily, and 0.1 lb. 
of ground limestone or other calcium 
supplement should also be supplied. At 
least 4 or 5 lbs, of well-cured hay had 
best be fed with straw, instead of using 
straw as the only roughage, or else it 
should be fed in combination with a 
limited amount of silage. In 3 Kansas 
trials wheat straw was unsatisfactory as 
the only roughage for calves, even when 
diluted molasses was sprinkled over it 
and protein and mineral supplements 
were fed. 32 

In the Southwest and in the South 
the calves often get most of their winter 
feed from winter range or pasture. In 
addition, a sufficient amount of pr< tein 
supplement should be fed " 

the desired gain in weight^ 8 ^wS^p^ 
calves chiefly on pasture whejr y 
weather permits, is usually much 
than wintering them on harvestee^/ 

1222. Wintering yearlings 
older cattle. — Yearlings an<f older y 
that are being carried through^iej * ter 
for later fattening can make even greater 
use of cheap roughages than can calves. 
Therefore, unless grain is very low in 
price, they should generally be wintered 
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on roughage alone, when they are to be 
grazed on pasture without grain the fol- 
lowing summer. Of course, a small 
amount of a protein supplement should 
be added if it is needed to balance the 
ration. When the cattle are to be finished 
for a summer or early fall market by 
#Nfeeding them grain or other concentrates 
addition to pasture, then some grain 
commonly fed during the winter, es- 
ially towards spring. 

Extensive experiments have been 
nducted at various stations and by the 
nited States Department of Agriculture 
to compare various rations for wintering 
yearlings and older Stocker cattle. 34 ( Cat- 
tle being wintered for later fattening are 
called stockers.) The recommendations 
given in the Morrison feeding standards 
for such cattle are based upon the results 
of these investigations. (Appendix Table 
III.) Likewise, the example rations given 
in Appendix Table VII have been com- 
puted from the results of these studies. 

While stocker cattle must be win- 
tered cheaply, they should be fed so as 
to make some gain in weight. The most 
desirable amount of gain will depend on 
how they are to be handled the follow- 
ing summer. 

Yearlings and older cattle will make 
good gains when wintered on a full feed 
of legume hay or of mixed legume-and- 
grass hay. Even grass hay of good qual- 
ity, which has been cut reasonably early 
and is therefore fair in protein content, 
is satisfactory as the only feed for such 
stocker cattle. If the hay is late-cut or of 
poor quality, it is best to feed about 1 lb. 
per head daily of protein supplement. To 
reduce the expense somewhat, the allow- 
a r t of alfalfa hay or other good hay 
*, h " Tt kept somewhat below the amount 
-attle will clean up. 

•S^eept in certain alfalfa districts of 
4 Vest, feeding hay alone often makes 
: (ion unduly expensive. To reduce 
f| ^;st, such cheap dry roughage as 
or elsd corn or sorghum stover can 
be satisfactorily fed with at least 3 or 4 
lbs. of legume hay per head daily. When 
most of the roughage is of low grade, it 
will be necessary to add 2 to 3 lbs. per 
head daily of grain or other concentrates 


to secure fair gains during the winter. 

Com or sorghum silage or silage 
from other suitable crops is excellent as 
part of the roughage, or even as the only 
roughage, for wintering stocker cattle. 
Since corn or sorghum silage is low in 
protein, at least 3 or 4 lbs. of legume hay 
per head daily should be fed with it, or 
else 1 lb. of protein supplement. It has 
been shown in Chapter XVII that a crop 
of corn or sorghum has a much greater 
feeding value for beef cattle when it is 
ensiled, than when it is fed as dry fodder. 
(534, 554) 

In range regions where there is not 
too much snow in winter, winter range 
is commonly used as much as possible 
for stocker cattle. Provision should al- 
ways be made for supplemental feed 
when the supply of feed on the range is 
insufficient. For this purpose hay may be 
stacked against time of need, or silage 
can be stored in a trench silo. 

To supplement the mature, weath- 
ered forage, the cattle need 1 lb. or more 
per head daily of a high-protein supple- 
ment, such as one of the oil meals or 
cakes. In addition, minerals, besides salt, 
should be provided when needed, as ad- 
vised in the preceding chapter. (1168- 
1174) 

In farming districts, stalk and stub- 
ble fields can often furnish much of the 
feed for stocker cattle during the fall 
and early winter. In certain sections they 
are often wintered chiefly on rough land 
on which no cattle have been grazed in 
summer. 

1223. Raising beef heifers and 
bulls. — In raising beef heifers and bulls 
for the breeding herd, the rations should 
be somewhat more liberal during the 
first and second winters than in the case 
of stocker cattle which are later to be 
fattened for market. It is very important 
that they be fed so that they will develop 
into vigorous animals of the proper size 
for their breed. 

Unless at least 3 to 5 lbs. of good 
legume hay are fed per head daily, or 
an equivalent amount of legume silage, 
sufficient protein supplement should be 
added to balance the ration. Care should 
also be taken that there is no deficiency 


FEEDS AND FEEDING 



of carotene or of minerals. In particular, 
it is wise to include in the ration some 
well-cured hay (legume, if possible) or 
some silage, in order to supply plenty of 
carotene. If no legume roughage is fed, 
a calcium supplement should be fur- 
nished, and if there is any danger of a 
lack of phosphorus, then bone meal or 
some other safe phosphorus supplement 
should be provided. 

Corn or sorghum silage is excellent 
roughage for beef heifers, when fed with 
1 lb. per head daily of high-protein sup- 
plement. In Kansas tests yearling beef 
heifers became too fat when fed all the 
silage they would eat, with 1 lb. of cot- 
tonseed cake per head daily. 35 Feeding 
35 to 40 lbs. a day of silage with what 
wheat straw they cared for, plus the pro- 
tein supplement, kept them in the desired 
condition. 

In purebred herds, young cattle are 
commonly fed with more liberality than 
in commercial beef herds. The rations 
which have been suggested for wintering 
dairy heifers and young dairy bulls are 
well suited for use with such cattle, ex- 
cept that more concentrates (chiefly 
farm grain) will be needed in the case 
of animals which are being fitted for sale 
or show. 

In commercial beef herds the heifers 
must be raised as economically as pos- 
sible, and therefore they must be win- 
tered almost entirely on roughage. With 
good legume hay and silage from corn or 
sorghum for roughage, little or no grain is 
necessary. If lower grade roughages are 
used, enough concentrates should be 
added to keep the cattle in thrifty, grow- 
ing condition at all times. 

Even when none of the roughage is 
legume, 1 lb. per head daily of such a 
protein supplement as cottonseed meal, 
soybean oil meal, or linseed meal will 
supply enough protein, either for calves 
or yearlings. Any additional amount of 
concentrates that is needed may consist 
of corn, barley, oats, or other grain. 
When half the roughage is legume hay, 
the remainder may consist of straw, corn 
or sorghum stover, or other rather low- 
grade roughage. 


1224, Age to breed. — Under farm 
conditions beef heifers are commonly 
bred to calve when 24 to 36 months old. 
When heifers calve as 2-year-olds, they 
must have made excellent growth prior 
to calving and must have plenty of feed 
during the next year, or they are apt to 
be permanently stunted in size. 

Under range conditions, unless t 
heifers are well developed bv the ti 
they are bred and receive sufficient £ 
during pregnancy, they should not ca 
until 3 years of age. Small 2-year-o 
heifers are apt to have trouble in calving; 
and even with careful assistance, the 
death loss of the heifers is appreciable 
and of the calves still greater. 

If ranch heifers are to be bred, to 
calve when 2 years old, they should 
weigh 650 to 700 lbs. when bred, and 
they should be fed during their second 
winter so that they will make satisfactory 
growth and be in thrifty condition at 
calving time. 30 

It is often advised that in order to 
lessen difficulty in calving, yearlings 
should be bred to a small-type, fine- 
boned bull. However, this may not make 
much difference in the size of the 
calves. 37 

In recent Oklahoma experiments 
heifers and cows were wintered on na- 
tive range pasture plus 1 lb. of cotton- 
seed meal pellets per head daily. 38 Heif- 
ers bred to calve first as 2-year-olds did 
not develop into as large "cows as did 
those calving a year later, but produced 
just as many calves later, and their calves 
were as heavy at weaning. The cow cost 
per calf weaned was less for cows calv- 
ing first at 2 years. 

Similar results were secured in Utah 
and Oregon experiments. 39 In the Utah 
trial the cattle grazed on typic|i .moun- 
tain range in summer and wereS|^atered 
in a valley on hay and pasture. 'JlStyears 
of age, the cows calving firs| 'wj>en 2 
years old had weaned an av^pge of 
1,236 lbs. of calves per cow, in- §>mpari- 
son with only 865 lbs. for those hot calv- 
ing until 3 years of age. 

Differing from these results, in Kan- 
sas trials when heifers were wintered on 
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roughage alone and calved at 2 years of 
age, they failed to reach normal size. 40 
Also, the average weight of their calves 
at weaning time was only 348 lbs. Com- 
pared with this, the average weaning 
weight of the calves from heifers raised 
similarly, but calving as 3-year-olds, was 
05 lbs. Feeding the heifers a liberal al- 
jwance of grain in winter largely pre- 
ted the ill-effects of early breeding in 
Kansas trials, but this method* was ex- 
sive under range conditions.* It was 
included that the most practical 
method under range and semi-range con- 
ditions was to raise heifers without grain 
and breed them to drop their first calves 
at 3 years of age. 

1225. Normal growth of beef cat- 
tle. — -VeryTew data have been published 
showing the weights of beef cattle of the 
various breeds at different ages. The fol- 
lowing table gives the weights of females 
and of steers of the 3 important beef 
breeds in the purebred herds of the Cali- 
fornia College of Agriculture. 41 While 
these figures are averages for only a 
relatively few animals and in one herd, 
they are of interest in showing the rates 
of growth of beef cattle. 


6 years. 42 In this later study Hereford 
bulls averaged 336 lbs. at 124 days, 605 
lbs. at 248 days, 872 lbs. at 369 days, 
1,077 lbs. at 487 days, 1,237 lbs. at 602 
days, and 1,365 lbs. at 752 days. 


III. Rations fob Fattening 
Cattle; Fattening on Pasture 


1226. Rations for fattening cattle. 
— The nutrient requirements of fattening 
cattle have been considered in detail in 
the preceding chapter. Information is 
there given on such questions as the 
need or advisability of feeding a protein 
supplement with various types of rations, 
the necessity of feeding a calcium or 
phosphorus supplement with certain ra- 
tions, and the amount of grain that 
should be fed to various classes of cattle 
and under different conditions. 

Example rations, adapted to various 
regions, are given in Appendix Table VII 
for the fattening of calves, yearlings, and 
2-year-olds. These rations are balanced 
according to modern feeding standards. 
(Appendix Table III.) 

1227. The cereal grains. — In most 
grain-growing regions, the cereal grains 
are the chief concentrates fed to beef cat- 


W eights of purebred beef cattle at various ages 


| X Mo. 6 Mos. 12 Mos. 18 Mos. 24 Mos. 30 Mos. Mature 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

Females 

Aberdeen-Angus 127 414 669 861 1,018 .... 1,292 

Hereford 129 401 676 855 1,031 1,097 1,453 

| Shorthorn 124 440 703 869 1,033 1,166 1,468 

i Steers 

! Aberdeen-Angus 122 433 ... ... .... .... 

I Hereford 132 476 850 

Shorthorn 131 474 819 


It will be noted that at 1 month of tie, and they are unexcelled for this pur- 
age theje was no significant difference in pose, when fed so as to correct their de- 
weight&of the heifers and the steers, but ficieneies and to take advantage of their 
at 6 ! ^5^ths and 12 months the steers great merits. (680) 
were&4vier. All of the grains can be used satis- 

% a' more recent California study, factorily for beef production. The choice 
the |wrSge weights of Hereford females between them will depend on the price 
were *300 lbs. at 122 days, 499 lbs. at and availability. In all sections where 
244 days, 657 lbs. at 364 days, 824 lbs. com is a leading grain crop, it is com- 
at 483 days, 912 lbs. at 608 days, T, 006 monly fed as the only grain or at least as 
lbs. at 732 days, 1,142 lbs. at 3 years, the chief grain to fattening cattle. In the 
1,216 lbs. at 4 years, and 1,274 lbs. at sorghum belt the grain sorghums take 
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the place of corn, and in the northwest- 
ern states the small grains — barley, oats, 
wheat, and rye — are widely used. De- 
tailed information is given in Part II con- 
cerning the relative values of the differ- 
ent grains and other carbohydrate-rich 
feeds for beef cattle. 



1228. Correcting the deficiencies of 
the grains. — Good legume hay largely or 
entirely corrects the lack of protein in 
the cereal grains and also supplies an 
abundance of calcium and of carotene. 
Rations consisting merely of legume hay 
and grain are therefore satisfactory for 
all classes of beef cattle. Whether or not 
it will pay to add a protein supplement 
to such a ration for fattening cattle will 
depend on the age of the cattle, on the 
kind of legume hay, and on the kind of 
grain, as has been pointed out in the 
preceding chapter. The example rations 
in Appendix Table VII show definitely 
whether a protein supplement is needed 
with various rations for cattle of different 
ages, and also the amount of supplement 
to be fed, if one is needed. 

Rations made up of only grain and 
non-legume roughage are much too low 
in protein to be satisfactory for beef cat- 
tle. Also, such rations are apt to lack cal- 
cium, and they may be deficient in phos- 
phorus and in carotene. Cattle fed such 
an unbalanced ration not only make slow 
and expensive gains, but also they are 
apt to go off feed and to suffer from di- 
gestive disturbances. Because of their 
poor gains, they do not become so fat as 
those fed balanced rations and conse- 
quently they sell for a considerably lower 
price. 

The poor results on an unbalanced 
ration are shown by 8 experiments in 
each of which one lot of steers, 2 years 
old or older, was fed a ration consisting 
of only corn and protein-poor roughage 
(timothy hay, prairie hay, com stover, 
or kafir stover), while another lot was fed 
com and good legume hay. 43 The steers 
fed com and legume hay gained 2.3 lbs. 
daily, on the average, and required only 
689 lbs. corn and 575 lbs. hay for each 
100 lbs. gain. On the other hand, those 
fed the unbalanced ration gained only 


1.7 lbs. a day and ate 930 lbs. corn and I 
832 lbs. hay per 100 lbs. gain, thus re- 
quiring 36 per cent more corn and 44 
per cent more hay for each 100 lbs. of 
gain. 

It should be borne in mind that 
these great differences occurred with cat- 
tle that were 2 years old or older. With j 
calves or yearlings the results from feed^^fe. ■ 
ing unbalanced rations are even 

1229. Protein and other 
ments. — The protein supplements |i 

commonly used for beef cattle in jj 

country are soybean oil meal, cottonseecWr^ 
meal, and linseed meal. However, sev- ! 
eral other supplements are often used, in- 
cluding soybeans, peanut oil meal, dis- 
tillers dried grains, and corn gluten meal 
Occasionally, meat scrap, tankage, or j 
fish meal is included in supplemental 
mixtures for beef cattle. Wheat bran, j 

wheat mixed feed, and wheat middlings jj 

are too low in protein to be satisfactory ) 
as the protein supplement for fattening 
cattle, but may be used in rations for jj 
carrying cattle through the winter. 

The use and relative values for beef 
cattle of all these and still other protein 
supplements are discussed in the chap- 
ters of Part II. The quality of protein in 
beef cattle rations has been considered 
in the previous chapter. Information has j 
also been given there concerning mix- 
tures of protein supplements that are es- || 

pecially satisfactory for fattening cattle. ' 

(1167, 1178) 

Adding an antibiotic feed supple- 
ment to a ration for fattening cattle, and j 

the use of diethylstilbestrol have also 
been discussed in the preceding chapter. | 

(1181, 1182). ( 

1230. Legume hay; alfalfa meal; 
mixed hay. — Because of its^Hdjneiss in 
protein, calcium, and vitamins, legume j 

hay of good quality is the best ^ of ’^11 . , 

roughages for beef cattle. It is espddfejfy 
useful in keeping breeding stricken || 

thrifty condition. Even in the cas'd of fat- 
tening cattle, much better results are I 

usually secured when the ration includes j 

some legume hay than when the only ji 

roughage is grass hay or other non-leg- f 

ume dry forage. This is true although f 
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sufficient protein supplement is fed to 
make good the lack of protein in the non- 
legume ration. 

f The results with legume hay can 

generally be equaled only when excel- 
. lent silage, such as that from corn or 

sorghum, is fed as the chief roughage, 
and there is supplied in addition not only 
sufficient amount of a good protein 
1 ’ /^^»PP lement ’ k ut also about 0.1 lb. per 
‘ daily of ground limestone or some 

c£ d c * um supplement. 

When the only roughage for fat- 
jJPtening cattle is of poor quality, the 
gains are generally increased by adding a 
little alfalfa hay or alfalfa meal to the 
ration. As has been pointed out in Chap- 
ter II and in the preceding chapter, this 
not only helps supply protein, but also 
furnishes other factors which are needed 
for efficient digestion in the rumen, in- 
cluding trace minerals and certain uni- 
dentified factors. (45, 1178) 

The effect of adding alfalfa to such 
a ration is well shown by 3 recent Ohio 
experiments. 44 Cattle full-fed corn-and- 
cob meal, with late-cut, poor timothy 
hay, enough soybean oil meal to bal- 
ance the ration (1.5 lbs.), and a min- 
eral mixture, gained an average of 1,72 
lbs. per head daily. Others fed 3.5 lbs. 
of dehydrated alfalfa in place of the 
soybean oil meal gained an average of 
2.07 lbs., and reached a better finish. 
In these trials 100 lbs. of dehydrated 
alfalfa was equal to 51 lbs. soybean oil 
meal plus 21 lbs. corn-and-cob meal and 
11 lbs. hay. Because the cost of the de- 
hydrated alfalfa per ton was as high as 
that of soybean oil meal, the feed cost 
per 100 lbs. gain was higher on the ra- 
tion with the alfalfa. 

In, all probability the addition of a 
little high-quality alfalfa or other legume 
hay to such a ration would have had a 
similar effect in improving the gains and 
the finish of the cattle. 

, Good-quality mixed hay containing 
considerable legumes is a satisfactory 
roughage for beef cattle. The value per 
ton in comparison with legume hay will 
depend on the proportion of legumes and 
the quality of the hay. 


1231. Grass hay; other non-legume 
dry roughages. — It has been shown in 
Chapter XVIII that ordinary grass hay is 
worth considerably less than legume hay 
for beef cattle. (565) If plenty of pro- 
tein supplement and also a calcium sup- 
plement are supplied, fattening cattle 
full-fed on grain make satisfactory gains 
with high-quality grass hay for roughage. 
However, the value of the grass hay will 
be decidedly lower than that of legume 
hay, because so much protein supple- 
ment is needed to balance the ration. 

In 3 recent Kansas trials western 
wheatgrass hay and intermediate wheat- 
grass hay were compared with sorghum 
silage as the only roughage for fattening 
yearling steers. 45 On the average the 
cattle gained 0.6 lb. less per head daily 
on the wheatgrass hay and sold for 61 
cents less per hundredweight. 

Fattening cattle and other beef cat- 
tle are often fed dry corn or sorghum 
fodder, or else shock corn. It has been 
emphasized in Chapter XVII that a much 
greater feeding value is secured per acre 
when a corn or sorghum crop is fed as 
silage than as dry fodder. (534, 548) As 
in the case of grass hay, better results 
are secured when fattening cattle are fed 
some legume hay or some silage, along 
with corn or sorghum fodder, than when 
the fodder is the only roughage. 

Corn or sorghum stover is satisfac- 
tory as part of the roughage for winter- 
ing beef breeding cows or young cattle. 
However, stover is too low in nutrients 
to be very useful for fattening cattle. 
(537, 551) 

Straw from the small grains is even 
lower than corn or sorghum stover in 
nutrients. It is therefore unsuited to form 
any considerable part of the roughage for 
fattening cattle. (622) However, if there 
is a shortage of better roughage, straw 
can replace part of the silage or hay usu- 
ally fed. 

Experiments reviewed in Chapter 
XXII show that cottonseed hulls, which 
are widely used for beef cattle in the 
South, are worth slightly more per ton 
than com stover or sorghum stover, but 
somewhat less than good grass hay. 
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( 826 ) Since cottonseed hulls do not sup- 
ply carotene, they give the best results 
when fed along with silage or well-cured 
hay. 

1232. Silage. — Wherever corn or 
the sorghums thrive, silage from these 
crops has proved of great value in cheap- 
ening the cost of beef production. It has 
been emphasized in Chapter XVII that 
a much greater feeding value per acre 
is secured when corn or sorghum is en- 
siled than when the crop is fed as dry 
fodder. (534, 548) 

Experiments have shown that on 
well-balanced rations in which well- 
eared corn silage is the chief roughage, 
fattening cattle will make rapid gains and 
reach a satisfactory finish on only a mod- 
erate allowance of concentrates. (1185) 
Hay-crop silage may produce as good re- 
sults as corn silage when fattening cat- 
tle are full-fed on grain. (439) On the 
other hand, when a maximum amount of 
roughage and a minimum of grain is fed, 
it will take more grain to produce satis- 
factory gains and finish with hay-crop 
silage. This is because it lacks the con- 
siderable amount of grain that there is in 
well-eared corn silage. 

Trials at various stations have shown 
that it is commonly more economical to 
give fattening cattle twice a day all the 
silage they will clean up without undue 
waste than to limit the amount of si- 
lage. 46 Two-year-old steers full-fed on 
corn, legume hay, and silage will eat 30 
to 40 lbs. of silage a day during the first 
month of fattening and gradually less as 
feeding progresses, until during the last 
month they will eat only 10 to 20 lbs. per 
day. 

Calves and yearlings will eat con- 
siderably less silage per head daily than 
do 2-year-olds. Calves fattened on a lib- 
eral amount of grain will usually eat 8 
to 16 lbs. of silage a day, in addition to 
hay, early in the fattening period and 
not over 6 to 8 lbs. a day towards the end. 

Kentucky experiments show that if 
the supply of silage is used up before the 
fattening cattle are ready for market, 
they can be changed gradually to good 
hay as the only roughage without diffi- 
culty. 47 


Since corn silage and sorghum si- 
lage are low in protein, it is important, 
when such silage is fed, to balance the 
ration with a sufficient amount of pro- 
tein supplement. (1162) 

Corn or sorghum silage can be used 
satisfactorily as the only roughage for 
fattening cattle, if enough protein sup 
plement is fed to balance the ration an' 
if 0.1 lb. per head daily of ground lim i 
stone or other calcium supplement 
also supplied. Under usual conditior 
however, it is wise to feed fattening ca 
tie at least a small amount of well-cure 
hay or other dry roughage in addition to 
silage. Cattle fed silage as the only 
roughage often seem to show a desire for 
some dry forage, and may consume more 
feed and make more rapid gains when 
it is supplied. 48 

For example, in a recent Oklahoma 
trial adding only 1 lb. per head daily of 
alfalfa hay to a ration of ground kafir 
grain, sorghum silage, protein supple- 
ment, and minerals for fattening calves 
increased the daily gain 0.23 lb. and 
brought a better net return. 49 Adding de- 
hydrated alfalfa pellets had no better 
effect than supplying alfalfa hay. 

In earlier Kansas experiments calves 
fed sorghum silage as the only roughage, 
with corn, protein supplement, and 0.1 
lb. ground limestone per head daily, 
gained as rapidly or nearly as rapidly as 
did others which received alfalfa hay in 
addition to silage for roughage. 50 

The value of hay-crop silage, in 
comparison with corn silage for fattening 
cattle and other beef cattle, has been dis- 
cussed in Chapter XV. (439) The use 
of silage for wintering beef breeding cows 
and young stock has been discussed ear- 
lier in this chapter. , 

1233. Fattening cattle on pasture. 
— It has been emphasized previously 
that good pastures are essential for econ- 
omy in maintaining a beef breeding herd 
and in raising young cattle. Whether it 
will be more profitable to fatten cattle 
on pasture or to fatten them in dry lot 
on harvested feeds will depend on sev- 
eral factors. 

As is pointed out later in this dis- 
cussion, there are certain decided ad- 
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Fattening Cattle on Land Unsuited for Tillage 

Fattening cattle on pasture is a good way of utilizing land unsuited for tillage. 


Several experiments have been con- 
ducted to compare the summer fatten- 
ing of cattle in- dry lot, with either 
full-feeding grain on pasture or with fin- 
ishing the cattle in dry lot after being pas- 
tured without grain feeding for part of 
the season. 51 In most of these trials the 
feed cost of 100 lbs. gain has been de- 
cidedly less and the net return has been 
greater where pasture was utilized in 
onffeof :i Jtibese methods, than where the 
cattle were finished entirely in dry lot. 
The use of pasture in various methods 
of beef production is described later in 
this chapter. 


uriantly and is high in carotene, the fat 
of the carcass is often a trifle yellower 
than in the case of cattle finished in dry 
lot. This yellow tinge is due to a higher 
carotene content of the fat, and it thus 
increases the vitamin value of the beef, 
instead of injuring it in the slightest. 
However, because of a prejudice in the 
meat trade against yellow fat, such car- 
casses may sell at a lower price, even 
though the discount is not justified. 

This prejudice against yellow fat 
probably arose because the body fat of 
certain dairy breeds — Jerseys and Guern- 
seys — is generally yellowish in color. Ex~ 
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vantages in finishing cattle on pasture, 
but also definite disadvantages. To gain 
much of the benefit from pasture fatten- 
ing and yet avoid most of the disad- 
vantages, pasture fattening is often 
combined with a relatively short finish- 
ing period in dry lot. A popular method, 
described later, is to graze the cattle on 
l^ood pasture until midsummer, with or 
without the feeding of grain or other 
IBncentrates. They are then put in dry 
9c and full-fed on grain for 90 days or 
Bnger* (1242) 


1234. Quality of beef from pas- 
ture-fattened cattle. — Experiments have 
proved that when cattle are equally well 
fattened by full-feeding grain on pasture 
or by fattening in dry lot, the pasture- 
fed cattle yield beef that is equal in 
palatability and tenderness to that pro- 
duced by dry-lot feeding. 52 Contrary to 
some earlier opinions, the lean meat from 
cattle well fattened on pasture is no 
darker in color than that from cattle 
similarly fattened in dry lot. 

When the pasture is growing lux- 
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periments indicate that if the meat is 
from well-fattened beef animals, a yel- 
low tinge in the fat is not so objection- 
able to consumers as has been thought 
in the meat trade. 

Cattle full-fed grain on pasture yield 
as high a percentage of dressed car- 
cass as dry-lot cattle having equal finish. 
However, they tend to shrink a little 
more on shipment to market. 

Cattle fattened on pasture alone, 
without the feeding of grain or other con- 
centrates, generally yield carcasses of 
decidedly lower quality, because they 
are less well fattened. On account of the 
lack of finish, they yield a smaller per- 
centage of dressed carcass than do well- 
fattened cattle, and the meat has inferior 
eating qualities. 

1235. Advantages and disadvan- 
tages of pasture fattening. — Fattening 
cattle on pasture has the following ad- 
vantages over dry-lot feeding*. (1) Pas- 
ture gains are cheaper. This is because 
less grain is needed per 100 lbs. gain; be- 
cause pasture is a cheaper roughage 
than hay or silage; and because little or 
no protein supplement is required. (2) 
Less labor is required, for the cattle need 
be fed only once a day, and no roughage 
is given. Often the grain is self -fed, still 
further reducing the labor. (3) The 
manure is well distributed on the field, 
and fertility is saved. (4) No shelter is 
required, except that shade in the pas- 
ture is highly desirable. 

These advantages are more or less 
offset by the following disadvantages: 
(1) Well-fattened cattle marketed di- 
rectly off pasture may sell for appreciably 
less per hundredweight than dry-lot-fed 
cattle of equal finish. (2) A farmer has 
less time to care for fattening cattle in 
summer than in winter. (3) In extremely 
hot weather, cattle may not make good 
gains, because of the heat or flies. Gains 
may also be checked by drouth. (4) 
When a permanent pasture is grazed, the 
manure does not benefit the fields in the 
regular crop rotation. (5) On pasture 
fields in the rotation, it may be difficult 
to provide water and shade. 

In farming districts where much 
land is unsuited for tillage, the fattening 



of cattle on grass is common, for a maxi- 
mum use is thus made of pasturage. On 
the other hand, on farms where there is 
but little untillable land, dry-lot fattening 
is more common, for more feed can be 
produced on an acre of tilled crops than 
on an acre of pasture. 

1236. Feeding concentrates on pas- 
ture. — When cattle are fattened on 
ture, no concentrates at all may be 
a small allowance may be given 
the entire pasture period, 
may be fed only the last few weeks, 
liberal allowance may be given through- 
out the entire period, or the cattle may 
be finished in dry lot after the pasture 
period. In most of the experiments it has 
usually paid to feed some concentrates 
to cattle being fattened on pasture, at 
least during the last part of the pasture 
season, or else to finish them in dry lot 
on a full feed of grain. 53 

In the pasture fattening of cattle on 
farms, care should be taken to plan the 
feeding operations so as to avoid selling 
the cattle in late summer and fall, in 
competition with the large supply of 
grass-fat cattle from the western range. 
This competition may be avoided by 
getting cattle that are fed grain on pas- 
ture fat enough to market them before 
the rush of grass-fat cattle arrives. An- 
other plan is to fatten steers of good 
quality sufficiently by feeding a liberal 
amount of grain on pasture, so that they 
will sell as good to choice fat steers. The 
prices for such cattle are usually good in 
late summer and early fall, due to a 
scanty supply. 

The gains on pasture alone will com- 
monly be cheaper than when grain is fed 
in addition, but the cheapness of the 
gains is more than offset if the cattli? do 
not reach a good finish, and hence sfell 
as feeders or low-grade slaughter *cattl% 
Cattle that are 2 years old or more beH 
come much fatter on pasture alone, thar 
those that are younger, for the latter" 
tend to grow as well as fatten. To fatten 
yearlings sufficiently for the large mar- 
kets, it is usually necessary to feed grain 
in addition to pasture, or to finish them 
in dry lot for a short feeding period 
before they are marketed. 
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In certain districts the pasture is so 
nutritious that cattle 2 years old or older 
can be well finished on grass alone. For 
example, many cattle are brought from 
southwestern ranges for fattening with- 
out grain on the bluestem pastures of 
Kansas and Oklahoma. Also, many cattle 
are finished for market without grain on 
k excellent bluegrass pastures, especially in 
fcertain areas from Virginia to Tennessee 
■hd Kentucky. 54 


steers being fattened on pasture will in- 
crease the gains sufficiently to be profit- 
able, depends on the quality and stage 
of maturity of the pasture forage. On 
excellent, immature pasture, feeding a 
protein supplement instead of grain has 
generally not been profitable in several 
experiments. 55 

On the other hand, when grass pas- 
ture approaches maturity and is conse- 
quently lower in protein, it will pay to 



Hand-feeding Steers Ear Corn on Pasture 


It usually pays to feed some grain or other concentrates to cattle being fattened on 
pasture, or else to finish them in dry lot on a full feed of grain. 


In the northern states the concen- 
trate most commonly fed on pasture is 
corn, with perhaps a small amount of a 
prqtein supplement in addition. In the 
Squth, however, cottonseed cake or meal 
ip often the cheapest concentrate avail- 
and therefore an allowance of 3 to 
' MBfc. per head daily is frequently fed as 
tteonly concentrate to cattle on pasture. 

? 1237. Feeding a protein supplement 
with 1 com on pasture. — Since immature 
grass is rich in protein, corn and good 
pasture make a well-balanced ration for 
fattening cattle, even for calves. Whether 
the feeding of a protein supplement to 


feed a protein supplement. 56 Also, if 
cattle are full-fed corn on grass pasture, 
containing no legumes, feeding 1 lb. of 
protein supplement to each 10 or 12 
lbs. of corn may increase the gains 
enough to be profitable. 57 There is no 
need of a protein supplement when the 
forage contains a considerable proportion 
of legumes. 

There is more advantage in feeding 
a protein supplement to cattle of high 
grade, that will sell near the top of the 
market when well finished, than to low- 
grade animals, which will not bring the 
best price, no matter how they are fed. 
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1238. Gains on pasture; amount 
eaten; area per head. — The gains of cat- 
tle fed no grain on pasture will vary 
widely, depending on the supply of 
forage throughout the season and on the 
nutritive value of the pasturage. On good 
pasture where there is an abundance of 
feed, yearlings should gain 1.25 to 1.50 
lbs. a day for the season and 2-year-olds 
1.50 to 2.00 lbs. 58 The gains are gen- 
erally most rapid during the period of 
flush growth of pasturage in May and 
June and become small if the forage be- 
comes scanty later. In the Gulf States 
the rate of gain is usually not over 1.0 
lb. per head daily. 

By digestion trials with steers on 
pasture, it was determined in Illinois 
studies that they ate as much as 35 lbs. 
of dry matter daily per 1,000 lbs. live 
weight, which made over 100 lbs. of 
green forage daily in some instances. 59 
On 5-weeks-old bluegrass and on red 
clover they consumed more than twice 
as much forage as they needed for main- 
tenance. Therefore, they had more than 
half their feed available for gain in 
weight. 

In similar Kentucky experiments 
steers consumed 18.8 lbs. digestible or- 
ganic matter a day on Ladino clover pas- 
ture, 11.7 lbs. on orchard grass, 10.5 
lbs. on bluegrass, and only 9.0 lbs. on 
tall fescue. 60 

The area of pasture required per 
head for cattle fed no grain on pasture 
will range all the way from 2 acres or 
less per 1,000 lbs. live weight on fertile 
pasture in the humid districts, up to 
7 to 10 acres or more on good grazing 
lands of the western ranges. When con- 
centrates are fed to cattle on pasture, 
the area of pasture needed per head is 
considerably reduced. 

1239. Hints on fattening cattle on 
pasture. — Care should always be taken 
in changing cattle from dry lot to pas- 
ture, especially when they are in good 
flesh, or else they may not continue to 
gain or may even shrink severely. 

When cattle are turned to pasture 
early in the season and there is no dry 
grass standing over from the preceding 
fall, it is wise to leave them on pasture 


for only a short time the first day and 
increase the period gradually, or severe 
scouring may result. Because silage is 
laxative, if it has been fed during the 
winter the allowance should be reduced 
or entirely withdrawn as soon as the 
cattle are turned to pasture. If grain has 
been fed during the winter, it should be 
continued until the cattle are accustoms ’ 


to grass 

If the pasture forage is very you: 
and succulent, supplying some hay in 
rack may reduce scouring the first fe 


weeks, and increase the gains. 6 



' O 

Supplying cattle on pasture with 
salt, shade, and plenty of good water 
should never be overlooked. In regions 
where horn flies or other flies are serious 
pests, the gains of cattle on pasture are 
decidedly increased when they are 
sprayed with a wettable DDT prepara- 
tion. 

Cattle that have been fed a fairly 
liberal allowance of grain or other con- 
centrates during the winter and that 
are fully half fat at the beginning of the 
pasture season, had best be finished in 
the dry lot. If they are turned to pasture, 
they will usually make poor and ex- 
pensive gains during the first month or 
so. 63 

When feeder cattle are purchased 
early in the fall for fattening in dry lot 
during winter, some cheap gains can 
often be secured by grazing them on 
pasture for a few weeks before starting 
the dry-lot feeding. It has been men- 
tioned in Chapter XX that cattle are 
sometimes turned into standing corn in 
the fall to harvest the crop, pigs follow- 
ing the cattle to get the corn not eaten 
by the cattle. (697) 

IV. Methods and Costs of . ‘ 
Beef Production 


1240. Various methods of _ 

Auction. — Several efficient method*, 
beef production are followed in 
parts of the United States. At ton^IL 
treme is the production of heavy, " fat 
calves, which are marketed when only 
7 to 10 months of age. Next comes the 
production of baby beeves and fat year- 
lings, then the fattening of yearling 
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feeder cattle, and last the fattening of 
cattle 2 years old or more when placed 
on feed. 

1241. Production of fat slaughter 
calves. — The production of fat slaugh- 
ter calves is a rather recent development, 
brought about by the demand from con- 
sumers for light-weight carcasses that will 
furnish small cuts of tender beef with 
■kery little waste. These calves are often 
jMjlled “super” or “ultra” baby beeves, but 
■F ese terms are somewhat misleading, as 
Bney imply that the carcasses of such 
^animals are superior to baby beef. On 
the contrary, the beef from these calves, 
marketed when only 7 to. 10 months old 
and weighing but 500 to 700 lbs., lacks 
the color and flavor of beef from older 
animals. It is lighter in color, being 
slightly like veal. Nevertheless, it is ten- 
der and is well liked by many people. 

In this method the cows generally 
calve in the fall or early winter. The 
suckling calves are commonly creep-fed 
and are marketed directly off the cows 
from May to November, depending on 
their age. 63 Late calves can be weaned 
and fattened for 60 to 90 days. 

This method is especially well 
adapted to the southern states, where 
much of the winter feed for cows and 
calves can come from special temporary 
pastures. With proper feeding, plain 
cows and those with some dairy blood 
will produce slaughter calves which will 
grade Choice, if bred to a good beef bull. 
The part dairy blood may actually be a 
benefit in this type of beef production, 
as the cows give more milk. If such calves 
are fattened for market when older, they 
will generally grade lower, because the 
defects in their ancestry will be appar- 
ent. 

1242. Baby beef production. — Next 
in age, at which the cattle are marketed, 
coMS^lyaby beef production. Under this 
syMfte well-bred beef calves are so fed 
that they are well fattened and ready for 
market when 10 to 15 months of age and 
weighing 650 to 850 lbs. Such cattle are 
also classified as fat yearlings. 

The carcasses provide popular-sized 
cuts of beef, and the meat is tender and 
satisfactory in taste, although not so rich 


in flavor as that from older cattle. 64 If 
the calves are well fattened, the carcasses 
will have a good covering of fat and. the 
meat will have a sufficient degree of 
marbling. To produce meat of satisfac- 
tory quality, baby beeves need not be 
carried to a wasteful degree of fattening, 
because the lean meat is more tender 
than that of older animals. 

Baby beef production requires, first 
of all, well-bred beef calves that will 
develop into high-grade fat cattle at an 
early age. Also, calves intended for baby 
beef must be fed liberally on grain and 
other concentrates. Otherwise, they will 
merely grow instead of fattening. This 
method is therefore not suited to farms 
where beef is produced primarily to uti- 
lize roughage. It is especially adapted to 
corn-belt farms where corn is cheaper 
than in other sections and the only pas- 
ture may be on arable, high-priced land. 

Baby beef production is best suited 
to the fanner with a good beef herd who 
raises his own calves. He can be sure of 
having thrifty calves of the proper type 
for this intensive system. 

In producing baby beef, the cows 
are fed and cared for much the same as 
in the more common types of beef pro- 
duction. They are often fed a little more 
liberally to ensure a good milk flow, but 
they must be maintained economically, 
or profits will be eaten up. 

The calves are usually dropped in 
early spring and run with their dams on 
pasture. While on pasture, the calves are 
often fed grain or a concentrate mixture 
in a creep, at least during the latter part 
of the summer if pastures are short. 
They are then accustomed to grain at 
weaning time and suffer no setback. The 
object is to retain the “calf fat” and fatten 
the calves as they grow. 

Calves that are in good condition 
in the fall at weaning time and which 
are full-fed on a proper ration should be 
ready for market from May to August, 
after most of the older fat cattle from 
the feed lots of the corn belt and other 
districts have been marketed. Steer calves 
must usually be fattened for 200 days 
or longer after weaning, to reach the 
desired finish. Heifers can generally be 
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made fat enough in 160 to 170 days, and 
bring the best price when marketed at 
a weight of about 750 lbs. or less. Even 
though pasture is available in the spring, 
it is best to continue fattening the calves 
in dry lot, instead of turning them to 
pasture. 

When western range calves are 
bought on the market to be fattened for 
baby beef, they will not usually carry as 
much fat as home-raised calves. How- 
ever, if they are thrifty, well-bred, and 
of good quality, they can be fattened 


on a liberal allowance of grain. 05 Care 
must be taken to feed a protein supple- 
ment when one is needed to balance the 
ration, for calves need a larger propor- 
tion of protein than do older cattle. 
(1163) 

The amounts of feed consumed and 
the gains made by calves fattened for 
babv beef are stated in a previous article, l 
(1195) It is there shown that calves re$ 
quire considerably less feed for 100 Ibljf 
gain than older cattle, and therefore maM| 
cheaper gains. 



A Beef Herd on a Cohn Belt Farm 

The calves from these well-bred cows are creep-fed on pasture and then fattened on a 
full feed of grain for marketing as baby beeves. 


satisfactorily for baby beef by feeding 
them good rations, though they will not 
be ready for market at as early an age 
as calves fed liberally at all times. 

Unless grain is unusually high in 
price in comparison with other feeds, 
calves being fattened for baby beef 
should be brought to a full feed of grain 
as soon as possible and should be fed 
liberally throughout the fattening pe- 
riod. When grain is extremely expensive 
compared to roughage, it may be most 
profitable to feed the calves chiefly on 
good roughage during the first half of 
the feeding period, and then finish them 


1243. Finishing cattle as fat year- 
lings. — On farms where an important 
object in beef production is the utiliza- 
tion of pasture and harvested roughages, 
the finishing of cattle somewhat later as 
fat yearlings offers marked advantages 
over baby beef production. The cattle aie 
handled according to various methods, 
the choice depending on local conditions. 
Several experiments show that the fol- 
lowing methods all give excellent re- 
sults. 66 

Where the desire is to use the maxi- 
mum amount of roughage, the calves are 
wintered so they will gain 1.0 lb. per 




f 
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head daily or slightly more. As shown 
previously, this will require only good 
roughage, such as com or sorghum silage, 
with 3 to 5 lbs. of legume hay or else 1 
lb. per head daily of protein supplement 
to balance the ration. ( 1221 ) 

During the pasture season they are 
grazed, without grain feeding, on good 
% \ pasture. In midsummer or towards fall, 
jpMhey are put in a dry lot and full-fed on 
fe'MTrain and good roughage for 90 days 
longer, until they are fat enough to 
the market demands. Under this 
.jix method the cattle are marketed in late 
fall or early winter, before the rush 
comes Qn the market of fat older cattle 
from the feed lots. 

In a series of New York experiments 
this method of handling feeder calves 
purchased in the fall was the most 
profitable. 67 These steers required about 
500 lbs. less corn per head to reach ap- 
proximately the same carcass grade as 
steers full-fed entirely in dry lot. They 
served as a market for about twice as 
much hay and corn silage, utilized TOO 
days of pasture during the flush pasture 
seasons, and made an appreciably greater 
net return above cost of feeder calves and 
feed. 

In another method, steer calves of 
high quality are wintered similarly on 
roughage and then full-fed grain on pas- 
ture until fat. They should be ready for 
market from August to November, at the 
time when there is an over supply of 
half-fat, grass-fed cattle from the ranges 
and other grazing districts, but a short- 
age of well-finished fat cattle of good 
quality. 

If it seems best to have the cattle 
ready for market somewhat earlier, the 
calves should receive a limited amount 
of grain during the winter (3 to 5 lbs. 
per head daily) in addition to good 
roughage and also a protein supplement, 

■f the latter is needed. They can then be 
finished by full-feeding grain on pasture 
for 75 to 120 days, the length of time 
depending on their condition in the 
spring and on the degree of fatness in 
demand on the market. Such cattle can 
be classed as baby beeves. 

Except perhaps when the pasturage 
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is unusually nutritious and abundant, it 
is not advisable to graze the cattle with- 
out grain in summer, if they have been 
wintered on considerable grain with good 
roughage. They will then usually be too 
fleshy in the spring to do well on grass 
alone. ■ ' If 

When the cattle are of such quality 
that they will grade choice to prime 
when finished sufficiently well, it may be ' j|| 
best to feed them in dry lot for at least || 

4 to 6 weeks, before marketing. This will 
not only improve their actual condition 
slightly but will also better their appear- 
ance still more, for it will help to over- 
come the sunburned appearance of the 
coats of pasture-fed cattle. Since some 
buyers still have a prejudice against cat- 
tle fattened on pasture, this change in 
looks will usually increase the selling 
price. 

Instead of turning the cattle on pas- 
ture in the spring, some prefer to full- 
feed them in dry lot during spring and 
summer, until they are ready for market. 

This may increase the selling price over 
pasture-fed cattle, but it requires much 
more labor and it increases the feed 
cost per 100 lbs. gain. In most of the 
experiments in which this method has 
been compared with others, it has given 
a lower net return than when pasture 
was used. 

1244. Finishing cattle as 2-year-olds 
or older. — Where pasturage and rough- 
age are cheap and abundant, cattle are 
often not finished for market until 2 
years old or older. When cattle are to 
be fattened during their second winter, 
they are generally fed during the first 
winter on roughage alone, or roughage 
plus 1 lb. per head daily of protein sup- 
plement or 2 to 3 lbs. of grain. (1221) 

They are then pastured without grain 
feeding during the summer and put into 
the feed lot for fattening at the close of 
the pasture season. 

Such yearlings can be well fattened 
in 100 to 160 days, if they come off the 
pasture in good condition. Weighing 600 
to 750 lbs. when placed on feed, they 
are generally fat at weights of 950 to 
1,100 lbs. when about 2 years old, and 
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meet the market demand for well-finished 
light-weight fat cattle. 

In another method cattle are car- 
ried through their second winter chiefly 
on roughage, and either fattened on grass 
the next summer, with or without grain 
feeding, or else fattened in dry lot. 68 
Kentucky experiments have shown that 
it is better to feed grain on grass than 
to use the same amount of grain in carry- 
ing the cattle through the previous win- 
ter, and then pasture them during the 
summer without grain feeding. 69 

Still other cattle are put into the 
feed lot as 2-year-old feeders in the fall 
and fattened for sale the following spring 
when approaching 3 years of age. The 
results that can be expected from fatten- 
ing yearlings and 2-year-olds, in com- 
parison with calves, are shown in the 
preceding chapter. (1195) A few cattle 
are still carried through 3 winters before 
they are fattened. However, such cattle 
are too heavy when fat to meet present- 
day demands, and therefore they have 
practically disappeared from the large 
central markets. ° 

1245. Fattening range cows. — The 
purchase and fattening for the market of 
range cows which have been discarded 
on account of age or for other reasons is 
a hazardous undertaking. Experiments 
have shown that the gains made by such 
cows are generally very expensive. 70 
Also, many prove to be so far advanced 
in pregnancy that they must be kept 
over and fattened for market after they 
have raised calves. In addition, there is 
danger of introducing brucellosis or other 
diseases unless such cows are carefully 
isolated from other breeding cattle. 

1246. Fitting cattle for shows or 
sale. — In order to win in the show ring, 
both fat steers and breeding cattle must 
be in a high state of finish. While this 
degree of fatness may be detrimental to 
the future usefulness of bulls or cows, 
one cannot hope to win under present 
standards unless the cattle are thoroughly 
fat. Cattle in high condition also com- 
monly bring a better price in a sale. 

Consequently, in fitting cattle for 
shows or for a sale, they must be fed a 
very liberal amount of concentrates and 


a relatively small amount of roughage. 71 
The economy of the ration is of relatively 
little importance, compared to the de- 
gree of finish that is reached. 

Four to eight months are usually 
needed to bring cattle from thrifty breed- 
ing condition to show condition. There- 
fore, fitting must start early enough to 
accomplish the desired result. / 

A highly palatable concentrate mnaj 
ture should be fed, in order to indu« 
maximum consumption. For this reasofi 
many showmen prefer mixtures contain® 
ing molasses. Wheat bran is a commoir 
ingredient of mixtures for fitting cattle, 
due to its palatability and its mild laxa- 
tive effect. Linseed meal js a favorite 
protein supplement, because ‘it tends to 
produce a glossy coat and also because 
of its conditioning effect. Cattle being 
fitted are generally fed 3 or 4 times a 
day, so as to secure maximum feed con- 
sumption. 

The following concentrate mixtures 
are recommended by Snapp for fitting 
cattle: 72 * 6 

1. Ground corn, 50 lbs.; crushed 
oats, 25 lbs.; wheat bran, 15 lbs.; and 
linseed meal, 10 lbs. Each feeding should 
be moistened with one-half pint of mo- 
lasses, diluted with an equal volume of 
water. 

2. Crushed barley, 40 lbs,; crushed 
oats, 25 lbs.; wheat bran, 10 lbs,; and 
molasses feed, 25 lbs. 

3. Shelled corn, 50 lbs.; whole oats, 

20 lbs.; linseed meal, 10 lbs.; and mo- 
lasses feed, 20 lbs. 

In order to insure maximum gains, 
the cattle must be comfortable. In sum- 
mer they should be kept in a well-venti- 
lated barn, except that it is desirable to 
turn them on good grass pasture at night. 
This provides exercise, as well as succu- 
lent feed. Exposure to hot sun makes 
their hair dry and stiff. Effective meas- 
ures should be taken to control flies. 

1247. Beef cattle production on the 
range. — About three-fourths of the beef 
breeding cattle in the United States are 
in the western states and in the great 
plains district from North Dakota to 
Texas. Here they are mostly kept under 
range conditions. Range beef cattle pro- 
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duction is also important in certain dis- 
tricts of Florida and other southern 
states. 

The methods used in beef cattle 
production on the range differ consider- 
ably in various regions. 73 In some range 
sections, as in parts of Texas, the grazing 
land is privately owned and generally 
^fenced. On the other hand, in the moun- 
■jainous districts of the West much of 
mke grazing is in the National Forests 
Had on the public lands. 

W In the early days of the western 
ranges little effort was made to provide 
harvested . feed to carry cattle through 
the winter. • Therefore, the losses of stock 
by starvation were sometimes appalling 
in winters' with heavy snowfall. Now 
most western ranchers have some land 
on which hay or other crops are raised 
for winter feed. In the mountain dis- 
tricts the cattle are commonly wintered 
on range land at lower elevations, ad- 
jacent to the ranch headquarters. The 
feeding of harvested feeds is delayed as 
long as possible in the autumn or winter, 
so the cattle will get as much of their 
living as they can from the winter range. 

Spring calving is general in range 
herds, the date depending on the system 
of management and the climate. Occas- 
ionally, sheds are provided for shelter 
and the cows are bred for early spring 
calving, so that the calves will be heavier 
in the fall. 

In the western mountainous regions 
the cattle graze in spring on the lower 
foothills, and then as the season advances 
they go to the more elevated and more 
rugged areas. By the end of June they are 
usually on this summer range, where the 
forage remains green and palatable un- 
til late in the season. In the fall they are 
brought back to the spring range. 

The cattle are looked after by ex- 
perienced riders or herders who see that 
they are kept on good grazing areas, and 
away from areas infested with poison- 
ous plants. These men also provide salt 
at proper salting grounds and prevent 
the cattle from straying. The various 
ranchers grazing cattle in a given dis- 
trict usually cooperate in the spring and 
fall round-ups. 


In the spring round-up the cattle 
belonging to each ranch are identified by 
means of the brand and are counted. The 
calves are branded and castrated, and 
also the breeding cattle are sometimes 
separated from the steers and yearling 
heifers. In the fall round-up, which takes 
place in September or October, the cat- 
tle to be sold are sorted out, and any 
calves are branded that have been 
dropped since the spring round-up. 

Generally, the percentage calf crop 
is considerably smaller in range herds 
than under farm conditions. In the north- 
ern range districts the number of calves 
weaned per 100 cows bred usually does 
not average more than 65, and in the 
semi-desert range areas of the South- 
west the number is even less. The calf 
crop is often seriously lessened by a lack 
of suitable feed for the cows in winter, 
by an inadequate supply of bulls or poor 
condition of the bulls, and by permitting 
heifers that have not been well fed to be 
bred to calve when only 2 years old. 

The results secured at the United 
States Range Livestock Experiment Sta- 
tion in Montana show how the calf crop 
can be increased under good systems of 
range management and with proper 
culling of the breeding herd. 74 For a 
period of 18 years, including 4,753 cow 
years, an average of 81 calves were 
weaned per 100 cows in the herd. The 
importance of managing the grazing so 
as to maintain and increase the produc- 
tivity of the range has been emphasized 
in Chapter XVIII. (385) 

1248. Costs of beef production. — 
Cost accounting surveys conducted sev- 
eral years ago on corn-belt farms by the 
United States Department of Agriculture 
furnish the most extensive information 
that is available concerning the amounts 
of feed required by beef cattle, and 
other costs of beef production. 75 These 
studies, which are summarized in the fol- 
lowing table, represent averages for 
11,261 beef cows handled according to 
usual methods, 4,572 beef cows kept for 
baby beef production, 7,236 beef calves 
carried through the winter for later fat- 
tening, and 4,009 calves fattened for 
baby beef. 
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It will be noted that the cows were 
maintained almost entirely on roughage, 
the first group of cows being fed only 
67 lbs. of grain per head annually, and 
the cows kept for baby beef production 
only 140 lbs. (Any protein supplement 
fed to the cows was reduced to grain 
equivalent.) Only 15.3 hours of man 
labor and 10.4 hours of horse labor per 
head were required per cow a year for 
the cows kept for ordinary beef produc- 
tion. 

The costs of feed and labor, using 
local prices at any time, can be estimated 


doubtedly not so heavy or fleshy, or 
otherwise desirable as in the herds which 
were kept strictly for beef production. 

1249. Cost of fattening cattle. — 
The cost of fattening cattle will vary 
widely in different sections of the coun- 
try and at various times. The chief items 
of cost are the initial cost of the feeder 
cattle and the cost of the feed. Other ex-V, 
penses are man labor, tractor or horses J 
labor, building and equipment charges*?' 
interest, mortality risk, veterinary sem| 
ices, insurance, taxes, marketing costs,^ 
and incidental expenses. 


Feed and labor required for beef cows and calves 



Usual methods of 
beef production. 

Baby beef 
production 


Maintaining 
cows per year 

Wintering 

calves 

Maintaining 
cows per year 

■Fattening 
calves : 

Feed per head 





Pasture, days 

194 

9 

197 

48 

Hay, lbs 

1,900 

1,218 

1,940 

1,150 

Silage, lbs 

700 

266 

740 

658 

Straw, lbs 

660 

110 

500 

40 

Fodder, lbs 


159 



Corn or other grain, lbs 

67 

4S2 

140 

2,296 

Protein supplement, lbs 



7 

141 

Com stalks, acres 

1.4 

0.1 

2.0 

0.03 

Labor per head 





Man hours 

15.3 

8.6 

16.7 

12.2 

Horse hours 

10.4 

6.8 

9.6 

9.1 


from these data. After allowing credit 
for the value of the manure produced, 
the cost of feed and labor usually is 80 
per cent or more of the total net cost 
in beef production in an enterprise of 
good size. 

In these herds the percentage calf 
crop raised to weaning time was 85. This 
means that 85 calves were raised per 
100 cows. To find the cow cost per calf 
raised, the estimated net cost per cow 
must therefore be divided by this per- 
centage. To this must be added a charge 
for bull service. 

In these studies data were also se- 
cured on cows in dual-purpose herds 
which were partially milked. Because of 
the credit for the milk sold, the cost per 
calf at weaning time was less in these 
herds. However, the calves were un- 


The cost of the feed will generally 
form 70 to 80 per cent or more of the 
operating expenses, not including the in- 
itial cost of the cattle or the expenses of 
marketing them. It is often assumed that 
when cattle are full-fed on shelled com 
or ear corn, the by-products of fattening 
operations (the manure secured and the 
pork produced by the pigs following the 
cattle) will usually pay for all farm costs 
other than the initial costs of the cattle 
and the cost of the feed. 70 However, to 
get this result, losses of fertilizing value' 
in the manure must be avoided and labor 
cost must be reduced by efficient plan- 
ning and equipment. 

It must be borne in mind that when 
cattle are fattened in winter on a general 
farm, most of the labor comes at a time 
of the year when it might not otherwise 
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| be utilized. Therefore much of it does 

not represent any real additional ex- 
f pense. 

In an extensive survey of the fatten- 

! ing of beef cattle on farms in Indiana, Illi- 

! nois, Iowa, Nebraska, and Missouri (in- 
cluding data on 34,934 cattle), the 

United States Department of Agriculture 
r found that on the average the cattle 
^^Bj m veighed 786 lbs. when placed on feed, 
fed for 174 days, and made daily 
;3§|8H|ains of 1.63 lbs. and an average total 
^Bgain of 284 lbs. during the feeding pe- 
riod. 77 For each 100 lbs. gain there were 
required 680 lbs. grain (chiefly corn), 
62 lbs. commercial concentrates (chiefly 
protein supplements), 391 lbs. hay and 
other dry roughage, 863 lbs. silage, and 
20 days of pasturage. 

1250. Reducing the cost of beef 
production. — Even under the same gen- 
eral conditions, there is often a great dif- 
ference in the cost of producing beef 
cattle on individual farms. For example, 
in a study of methods of wintering beef 
1 cows on corn-belt farms by the United 

States Department of Agriculture, it 
I was found that on some farms the cost 

was twice as high as on others. 78 This 
was due largely to a failure to use cheap 
roughages in wintering the cows. Many 
farmers were overfeeding their cows and 
hence wasting feed, without securing any 
better calves. One of the greatest wastes 
was found to be the feeding of unhusked 
corn fodder, in place of husking out the 
com for other stock and feeding the cows 
the stover, after cutting or shredding it. 

Pasture improvement and fertiliza- 
tion and the utilization of pasture over 
a long season are essential to produce 
beef at minimum expense. Full use 
should always be made of the cheap feed 
furnished by grazing on stalk and stub- 
ble fields and the aftermath of meadows. 

Another important factor in reduc- 
ing the cost of producing beef cattle is 
to build up, by selection, a herd of cows 
which are all regular breeders and satis- 
factory mothers, producing plenty of 
milk for their calves. 

Much labor can be saved and the 
amount of hard work greatly reduced by 
efficient equipment and good planning in 
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the storage and handling of feed and in 
stabling arrangements. For example, in 
Illinois studies on corn-belt farms, the 
amount of time spent in feeding, per ton 
of feed, ranged from 35 minutes to a low 
of less than 10 minutes per ton. 79 The 
travel per ton of feed varied from a high 
of 11,300 ft. down to 273 ft. for the most 
efficient arrangements. 

From these and other studies the 
following ways in which time and labor 
can be saved were emphasized: 

1. Haul silage in carts or in cars 
moved over rails, instead of carrying it 
in baskets. 

2. Use self-feeders built into the 
mow floor for feeding chopped hay. 

3. Use self-feeders instead of feed- 
ing by hand. 

4. Use blower pipe to move feed 
from grinder to feeder. 

5. Have feedlots near the feed- 
storage buildings. 

6. Provide hopper-bottom bins, drag 
conveyors, and elevators in cribs and 
granaries. 

7. Provide better chore routes for 
trucks and wagons by replanning barn- 
yards and fences. 

By use of a hydraulic manure loader, 
the most disagreeable work can be 
largely avoided and much time can be 
saved. 

V. Counsel in the Feed Lot 

1251. Cattle fattening requires busi- 
ness judgment. — Even more than in other 
types of livestock farming, the fattening 
of purchased feeder cattle requires sound 
business judgment, or the venture is apt 
to result in loss. This is because it is a 
much more speculative enterprise than 
most ventures in animal husbandry. To 
secure good profits it is therefore espe- 
cially necessary that the several factors 
which make for success be kept clearly 
in mind. 

Before buying feeder cattle, one 
should estimate the quantity of feed on 
hand and determine how many and what 
class of cattle he had best buy to con- 
sume the feed. From a study of market 
reports he can estimate how much his 
feeders will cost, including the cost of 
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getting them to his feed lot. He can fig- 
ure out approximately how much the 
gains will cost him, by using data like 
that given in this and the preceding chap- 
ter. He can then estimate the necessary 
selling price he must secure to break 
even, considering the marketing costs. If 
the outlook for a profit does not seem 
reasonably good, it is usually best not 
to buy just at that time. 

The kind of feeder cattle should al- 
ways be chosen which will probably 
offer the best opportunity for profit at 
the particular time. The summaries pre- 
sented previously show the results that 
can be expected from various grades of 
feeders and from calves, yearlings, and 
2-year-olds. (1195-1197) It is an old 
adage among stockmen that "cattle 
bought right are more than half sold.” A 
man may be a skillful feeder and lose 
money year after year because of poor 
judgment in buying. 

The beginner should hire an exper- 
ienced cattleman to purchase animals 
that will best suit his needs, or deal with 
a reliable commission firm that is ac- 
quainted with his conditions. If choice 
feeders are commanding a high premium 
in the market over lower grades, and it 
does not seem probable that the pre- 
mium will be correspondingly large for 
the cattle of better quality when they are 
fattened, a lower grade had better be 
purchased. 

By following the various market re- 
ports for preceding years one can tell ap- 
proximately at what time of year his 
cattle can be marketed to greatest ad- 
vantage. They should then be fed so as 
to be finished at that time. It has been 
emphasized in the previous chapter that 
the cattle should be fattened only enough 
to return the greatest profit under the ] 
particular market conditions. (1198) It \ 
is much more important to secure a good * 
net return than it is to ""top the market.” 5 
When the cattle are ready for mar- r 
ket, it is usually not advisable to hold c 
them for better prices, unless they con- a 
tinue to make gains at a reasonable cost, r 
The extra feed consumed by finished cat- ( 
tie will soon more than offset any ordi- 
nary increase in price that may be tl 


!“ obtained. When the cattle are almost fin- 
e ished, the owner should watch the mar- 
e ket reports and find out from his com- 
i- mission firm what they consider the best 
y date for shipment 

'i 1252. Rations for fattening cattle. 

t — The experiments reviewed in the pre- 

1 ceding chapter show that much greater 
t profits are secured when fattening cattl^j 
are fed properly-balanced rations. Whe rM 
ever there is any question as to wheth J| 
[ a ration is balanced, it will take but V 
■ short time to compute the approximate! 
amounts of dry matter, digestible pro- 
tein, and total digestible nutrients it con- 
tains, and see how -closely the ration 
meets the recommendations of modem 
feeding standards (Appendix Table III). 
The time it takes to work out suitable and 
economical balanced rations is com- 
monly the most profitably spent of all 
the year. Example rations suited to vari- 

Table C °Vn ti0nS giVen in Appenclix 

To determine which of the several 
available feeds are actually the most eco- 
nomical, one should refer to the detailed 
discussions of the various feeds which 
are given in the chapters of Part II of 
this volume. Definite information is there 
presented concerning the relative value 
ror beef cattle of all the more important 
feeds. 

1253, Equipment for feeding cattle, 
—It has been emphasized previously that 
much labor can be saved and the amount 
of hard work reduced by efficient stor- 
age and handling of feed, good stabling 
arrangements, and the use of a hydraulic 
manure loader in cleaning stables and 
yards. (1250) 

The shelter requirements for beef 
cattle under various climatic conditions 
have been discussed in the previous bhaD- 
ter. (1204) Where the soil 
are such that the feed lots oftwSmie 
seas of mud in winter or 
paving them with concrete is ’ at^^con- 
omy. Not only do the steers make larger 
and more economical gains, but also 
much loss of manure is prevented. 
(1206) 

Cattle of the same age, or at least 
those of equal size and strength, should 
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be fed in the same lot. From 2.5 to 3 feet 
of feed racks or bunks should be pro- 
vided per steer, so there will not be un- 
due crowding at meal time. Some feeders 
use combination feed racks for grain and 
roughage, while others prefer a separate 
rack for hay and a bunk or flat manger 
for silage and grain. Feed racks and 
'unks should always be cleaned after 
ach feeding. Salt and fresh water should 
ways be provided beef cattle. (1169, 
81) 

1254. Getting cattle on feed. — Cat- 
tle that are *not accustomed to grain or 
other concentrates must be started on 
feed gradually, or serious digestive trou- 
♦ ble may result. When feeder cattle are 
first brought to the feed lot, it is best 
to restrict the amount of hay or other 
roughage slightly for a day or so, until 
they have recovered from the effects of 
their trip. 

They should then be started on 
grain. A safe plan is to feed calves not 
more than 1 lb. of grain per head at the 
first feed, or 2 lbs. for the day. Older 
cattle may be started on a little more 
grain. The allowance may be gradually 
increased at the rate of about one-half 
pound per head daily or less, care being 
taken not to increase the amount unless 
the cattle are eager for each feed and 
clean up the grain properly. 

If they wish to get cattle on a full 
feed of grain as soon as possible, experi- 
enced men may increase the allowance 
of grain as much as 1 lb. per head daily. 
When cattle are approaching a full feed, 
the increase should be very gradual. 

If a protein supplement is to be fed 
to balance the ration, it is best to feed 
no more than one-quarter to one-half 
t head daily at first and then 
ttterease the amount at the rate 
1 *:er pound per head daily 
4 amount needed to balance 
supplied. 

“requency and order of feed- 
cattlemen feed concentrates 
and roughage twice a day to fattening 
cattle not on pasture. Often cattle being 
fitted for shows are fed grain more fre- 
quently, so as to induce them to consume 
a larger amount. 
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The feeding should always be at the 
same time each day. The cattle should 
not be disturbed until after daylight, 
and they should have time to clean up 
the evening feed before dark. Usually, 
the concentrates are fed first and then 
the silage is put in the feed bunk, if this 
excellent feed is being used. Hay or other 
dry roughage is fed in suitable racks, also 
twice daily as a rule. However, if two 
kinds of roughage are fed, sometimes 
one is fed in the morning and the other 
at the evening feed. In this case, the less 
palatable roughage should be fed in the 
morning. So that each animal can get its 
share of protein supplement, such as 
linseed meal or cottonseed meal, it should 
be mixed with the grain or else distrib- 
uted over the silage. 

Though cattle being fattened in dry 
lot are usually fed twice a day, in Ten- 
nessee and Wisconsin trials the gains 
were as rapid when both grain and 
roughage were fed only once a day. 80 

When cattle are given grain or other 
concentrates on pasture, they are com- 
monly fed but once a day. This is largely 
as a matter of convenience, for they may 
be grazing on a pasture at some distance 
from the farmstead. 

1256. The eye of the master fattens 
his cattle. — There is so much truth in the 
old adage, “The eye of the master fattens 
his cattle,” that every stockman should 
bear it in mind. Being versed in the 
science of stock feeding is not enough 
for success. To secure the greatest profits, 
not only must one feed his stock econom- 
ical and well-balanced rations, but also 
he must have the watchful eye and good 
judgment of a true stockman. The best 
results are obtained only when the cattle 
are fed at regular hours, and when the 
attendant is quiet and kind at all times, 
so that the animals trust rather than fear 
him. 

Experience counts for much in stock 
feeding. Many an experienced stockman 
can carry steers through the fattening 
period without getting them once “off 
feed,” but yet cannot well describe to 
others just why he is so successful. In 
general, when steers are to be full-fed on 
grain, they should be supplied all they 
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will readily consume at each feeding, 
after they have been gradually brought 
onto feed. Any feed left in the feed bunk 
or manger should be cleaned out before 
the next feeding, for it will not usually 
be eaten by the cattle afterwards, but 
will spoil and contaminate the fresh feed 
put in later. 

Scouring, the bane of the stock 
feeder, should be carefully avoided, since 
in a single day it may cut off a week’s 
gain. This trouble is generally brought 
on by overfeeding, by unwholesome food, 
or by a faulty ration. Overfeeding comes 
from a desire of the attendant to push 
his cattle to better gains, or from care- 
lessness and irregularity in measuring out 
the feed supply. When cattle are fattened 
on alfalfa hay and barley or wheat grain, 
care must be taken to avoid trouble from 
bloat. (49) 

The droppings of the steers are an 
excellent index of the progress of fat- 
tening. While they should never be hard, 
they should still be thick enough to “pile 
up w and have that oily appearance which 
indicates a thrifty condition. There is an 
odor from the droppings of thrifty, well- 
fed steers known and quickly recognized 
by every good feeder. Thin droppings 
and those with a sour smell indicate 
something is wrong in the feed yard. 

1257. Pigs following fattening cat- 
tle. — When fattening cattle are fed ear 
corn, shelled corn, or corn silage, pigs 
should be kept with them to utilize the 
unchewed and undigested corn in the 
droppings. Frequently, the margin in 
cattle fattening is so narrow that the 
gains made by the pigs form the larger 
part of any profit from the feeding opera- 
tion. When cattle are fattened on such a 
ration as ground grain and hay, without 
corn silage, or on cottonseed meal and 
cottonseed hulls or hay, there is no need 
of having pigs in the feed lot, for they 
could not secure much of any waste feed. 

The number of pigs per steer varies 
with the kind of feed and the age of 
the cattle being fed. For cattle full-fed 
on the common corn-belt ration of shelled 
com, corn silage, legume hay, and a small 
amount of protein supplement, 1 pig 
will be needed for approximately 1 to 2 
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steers in the case of 2-year-olds, 1 pig 
to 2 steers with yearlings, and 1 pig to 
each 3 calves. When ear corn or snapped 
com is fed, the wastage of corn by the 
steers is greater, and twice as many pigs 
may be required. In the case of ground 
corn or corn-and-cob meal, only one-half 
to one-third as many pigs are needed as 
with shelled corn. j 

The best pigs for following cattle/, 
weigh from 50 to 150 lbs., and when/ 
they become fat they should be replaced^ 
Pigs following steers should be fed 0.2 S 
to 0.8 lb. per head daily of tankage or 
similar protein supplement to balance 
the ration. Any extra grain given the 
pigs to ensure their making satisfactory 
gains should be fed in adjacent separate 
pens before the cattle are fed, so that the 
pigs will not crowd around the feed 
troughs or under the truck or wagon 
while the cattle are being fed. 

In Iowa experiments the amount of 
feed saved by pigs from the droppings 
of cattle full-led on shelled corn was es- 
timated by feeding similar pigs sepa- 
rately. 81 It was found that for 53 separate 
lots of fattening cattle, the average pig, 
following 1.9 steers, recovered the equiv- 
alent of 312 lbs. of corn during an aver- 
age feeding period of 120 days. On the 
average, 4.7 per cent of the cost of the 
feed given to the steers was saved by the 
pigs. 

From a study of the results of many 
experiments, Snapp estimated that, on 
the average, pigs following cattle fed 
shelled corn would make approximately 
the following amounts of gain per bushel 
of corn fed the cattle: 82 Two-year-old 
cattle, 1.58 lbs.; yearlings, 1.01 lbs.; 
calves, 0.76 lb. 

1258. Shipping; shrinkage; dressing 
percentage. — The shrinkage of fat cattle 
during shipment can be reduced to a 
minimum by proper handling before 
shipment and by care in loading. The 
cattle should be handled quietly and 
should never be driven faster than a slow 
walk. If they are hurried, they will be- 
gin to scour and will shrink unduly. The 
car should be cleaned, if necessary, and 
to prevent slipping should be bedded 
with sand, containing no stones. In cold 



FEED AND CARE OF BEEF CATTLE 761 


weather this should be covered with 
straw. If different kinds of livestock are 
put in the car, they should be separated 
securely. Any bulls should be tied safely 
in car or truck, so they cannot injure 
other animals. 

The livestock industry suffers a 
heavy loss, estimated at over $27,000,000 
a year, from bruised animals, because 
the bruises must be trimmed out of the 
gar casses. 83 Important ways of reducing 
Shis loss are the points that have been 


supplied at the last feeding should be 
reduced, since cattle travel better when 
not too full. 

Silage-fed cattle show a larger gross 
shrinkage but usually fill so well at mar- 
ket that the net shrinkage is even lower 
than with cattle fed no silage. Cattle 
that have come off succulent pasture us- 
ually shrink more than those which have 
been fattened in dry lot. Cattle fattened 
on wet beet pulp shrink more than any 
other class. 


mentioned and also the following: De- 
horning; removing projecting nails, splin- 
ters, or broken boards from fences, racks, 
trucks, and cars; keeping old machinery 
out of feed lots; using good loading 
chutes, which are not too steep; load- 
ing slowly; and using canvas slappers in- 
stead of whips, canes, or sticks. 

There is probably little or no ad- 
vantage in making decided changes in 
the ration previous to shipment, even if 
the cattle have been receiving silage. If 
very laxative feeds have been used dur- 
ing fattening, such as pea-green alfalfa 
hay, it is wise to reduce the amount the 
day before shipment. Also, the amounts 


Some have advised changing cattle 
that have been full-fed a laxative ration, 
such as grain with silage and good leg- 
ume hay, to such a ration as grass hay 
and a small amount of oats a day or two 
before shipment. This may apparently re- 
duce the shrinkage to market, but the re- 
duction is usually merely the result of 
the previous loss in weight when the 
change was made in the ration. 

It is a mistake to withhold salt from 
the cattle for a few days, and then salt 
them liberally just before shipment, so 
that they will take on a large fill of water 
at the stockyards. If this is done, the cat- 
tle will generally scour in transit, shrink 


Loading Fat Cattle fob Shipment 


The shrinkage of fat cattle on shipment to market can be reduced by proper handling 
before shipment and by care in loading. 
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heavily, and arrive in poor shape. Buyers 
both of fat cattle and of feeder cattle 
can recognize animals which have taken 
on an abnormal fill, and they discrimi- 
nate against them by offering a lower 
price per hundredweight. 

When cattle reach the market just 
before being sold, the fill is small, but 
when they arrive about daylight of the 
sale day, or the afternoon of the day be- 
fore, they generally take a good fill. 

The shrinkage between the loading 
weights and the sale weights at the stock- 
yards, after feed and water, of either 
feeder cattle or fat cattle in transit 36 
hours or less is usually about 3 to 5 per 
cent; when in transit 70 hours or over, 
the shrinkage is 5 to 6 per cent of their 
live weight and sometimes more. 84 In 
addition, there will be a slight shrinkage 
in weight from the feed lot to the load- 
ing station. 

Well-fattened cattle shrink a smaller 
percentage of their live weight than 
those that are not so fat. For example, 
the percentage shrink of feeder cattle is 
higher than for the same animals 
shipped the same distance after fatten- 
ing. Calves that are well-fattened have 
no higher percentage shrinkage than 
older fat animals. In 10 comparisons 
steer calves shrank 3.2 per cent on the 
average; yearling steers, 3.5 per cent; 
and 2-year-olds, 3.6 per cent. 85 

Good to choice fat steers will range 
from 56 to 59 per cent in dressing per- 
centage, and show steers, which are of 
extra good type and in high condition, 
will usually dress 59 to 63 per cent. Fat 
cows dress about 56 per cent, and can- 
ners from 35 to 43 per cent. 

VI. Veal Production 

1259 . Veal production. — Only dairy 
calves are commonly fattened for veal, 
because a better return is secured from 
beef calves when they are raised for beef. 
For the highest grade of veal, calves must 
be liberally fed for several weeks on 
whole milk as the chief or only feed. 
Otherwise, the carcasses may not have 
a sufficient degree of fatness, combined 
with the desired light-colored flesh and 
white fat. 
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In a recent Wisconsin trial, the addi- 
tion of an iron and copper supplement 
to the milk to prevent possible anemia, 
was detrimental, because it produced 
pinker flesh, instead of the desired light 
color. 80 

Calves fattened for veal on whole 
milk alone for 30 to 50 days require 9 
to 10 lbs. of milk per pound of gain in 
live weight. 87 Holstein calves fed liber J 
ally on whole milk should gain 1.8 to 2.(1 
lbs. a day, and calves of the smallel 
breeds somewhat less. 

In the intensive market-milk dis- 
tricts, dairy calves are commonly sold 
for veal when only a few days old. While 
they would bring a considerably higher 
price per hundredweight if carried on 
milk for a longer time, this is not profit- 
able unless the price of milk is low. 88 

Most of the well-finished veal is 
therefore produced in less intensive dairy 
regions, where a lower price is received 
for whole milk. Calves weighing less than 
140 lbs. usually bring a decidedly lower 
price per hundredweight than those car- 
ried to this weight. 

The gains are usually more rapid 
when a calf nurses a cow than if it is fed 
a liberal amount of whole milk. How- 
ever, a recent Tennessee trial with identi- 
cal twin heifers indicates that a cow 
which nurses her calf for several weeks 
produces less total milk during the lac- 
tation, even if she is stripped out after 
the calf nurses. 89 This lessened milk yield, 
which averaged 317 lbs. in this study, 
should therefore be included in the cost 
of producing the well-fattened veal calf. 

Sometimes calves being fed for veal 
are changed from whole milk to skimmilk 
at 2 to 3 weeks of age and then fed skim- 
milk with a grain mixture and hay, 
much the same as in the |^&milk- 
method of raising calves, calves 

thus fed make good growthf they, do^not 
lay on much fat and theilforew™. a 
much lower price per hmidred^Pght 
than calves fed plenty of who*%Mt. 90 

Illinois and Ohio trials indicate that 
the finish of veal calves fed skimmilk or 
reconstituted skimmilk can be improved 
considerably by adding a special milk-fat 
substitute to the skimmilk. 91 Also, the 
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rate of gain is generally increased by add- 
ing an antibiotic feed supplement to the 
skimmilk. 92 (1121) 

For feeding with skimmilk, such a 
mixture as one-half corn and one-half 
oats produces as good results as a more 
complex mixture higher in protein. 93 
(1131) 


P QUESTIONS 

1. Why is pasture the foundation of eco- 
nomical beef production? 

2. Describe the usual methods of feeding 
beef breeding cows throughout the 
year, when they are kept solely for 
beef production. 

3. Discuss the nutrient requirements of beef 
cows. 

4. State 3 satisfactory rations for wintering 
beef cows. 

5. How are beef cows wintered in range 
areas? 

6. How does the feeding of dual-purpose 
cows differ from that of cows kept 
solely for raising calves for beef? 

7, What are the most important points in 
the feed and care of the beef bull? 

8. What are the advantages of having beef 
calves born in the spring? 

9. Under what conditions is it profitable to 
creep-feed suckling calves? 

10. Discuss the feeding of beef calves being 
carried over the winter, stating the 
amount of gain that should be made 
under various conditions. 

11. What sort of rations should be used for 
wintering yearlings and older Stocker 
cattle? 

12. Discuss the raising of beef heifers, in- 
cluding the age at which they should 
drop their first calves. 

13. State a typical ration fed to fattening 
calves in your region. 

14. What quality of beef is secured from 
pasture-fattened cattle? 

15. Gile the advantages and disadvantages 
* depasture fattening. 

16. D&^ps the feeding of concentrates to 
y being fattened on pasture. 

17. Should a protein supplement be fed with 
pasture? 

18. Abotit how many pounds of gain do cat- 
tle make on pasture alone during the 
grazing season in your region? 

19. Describe the following methods of beef 
production: (a) Production of heavy 
fat calves; (b) production of baby 
beef; (c) production of fat yearlings; 


(d) fattening cattle 2 years old or 
older; (e) fattening old range cows. 

20. Describe a method of feeding and man- 

agement common on the western 
ranges. 

21. Discuss briefly the feed and labor re- 

quired for beef cows and calves. 

22. Why is good business judgment espe- 

cially necessary in the fattening of 
purchased feeder cattle? 

23. What equipment is necessary for fatten- 

ing cattle? 

24. Describe the method of getting fatten- 

ing cattle on feed. 

25. Discuss the frequency and order of feed- 

ing for fattening cattle. 

26. Summarize the chief facts concerning 

the use of pigs to follow fattening cat- 
tle. 

27. About how much do cattle shrink that 

are 36 hours or less in transit to mar- 
ket? How can shrinkage be reduced to 
a minimum? 

28. Discuss the production of veal. 
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CHAPTER XXX 

GENERAL PROBLEMS IN SHEEP PRODUCTION 


I. Factors Affecting Sheep 
Husbandry 

§ 1260. Sheep production in the 

JfUnited States. — More than two-thirds the 
total number of sheep in this country 
are in the western states, where most of 
them are kept under range conditions in 
bands of from 1,000 to 3,000 head. Dif- 
fering widely from this type of sheep 
production, sheep raising in the rest of 


the foundation animals are relatively 
cheap, and the flock can be increased 
rapidly. Sheep require but little labor 
during the busy summer, and the cares 
of lambing time can be over before spring 
work begins. The wool and the market 
lambs provide two sources of income 
each year, and returns come quickly, 
for lambs may be marketed 9 months 
after the ewes are bred. While excelled 
by pigs in economy of meat production, 



Sheep Keep Lanes and Fence Rows Clean 

On many farms where most of the income is derived from other sources, a flock of 
sheep brings additional returns, since they consume much forage that would otherwise be 
wasted. 


.. . , .. 

the counitV is usually combined with 
other typeljof farming and commonly 
there are only 25 to 100 breeding ewes in 
each flock. 

Usually, sheep raising is not the 
main source of income on farms where 
there are farm flocks, but because of its 
particular advantages, it is combined 
with other enterprises. Sheep do not 
need expensive buildings or equipment, 


lambs require slightly less feed per pound 
of gain in weight than do fattening 
calves. 

Sheep are especially adapted to 
grazing on rough and hilly land, and 
therefore farm flocks are most common 
where much of the land is unsuited for 
tillage. Sheep are without equals as weed 
destroyers, for they will eat nearly all of 
the common weeds, and they grind their 
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feed so finely that they destroy most 
weed seeds. A moderate-sized farm 
flock can often secure no small part of 
its feed by cleaning up the lanes, stubble 
fields, and fence rows. Although such 
waste should be fully utilized, one should 
not rely too largely on it. To secure good 
results from sheep, they must have suffi- 
cient feed at all times. 

The effectiveness of sheep in clean- 
ing out weeds is shown by the fact that 
some sugar cane growers in Louisiana 
use sheep to control Johnson grass in 
the cane fields. 1 Other farmers graze 
sheep in tung orchards to clean out weeds 
and brush. Not only is much labor thus 
saved, but also the sheep pay in wool 
and mutton for doing the work. 

For success with sheep, it is even 
more essential than with other classes of 
stock that they be given careful atten- 
tion, especially during the periods of 
breeding, lambing, and weaning. How- 
ever, the principles of feeding and man- 
agement are relatively simple. In some 
districts the dog nuisance is a serious ob- 
stacle in raising sheep, but fortunately 
several states have effective dog laws 
which protect the sheepman. Also, the 
flock may be safeguarded by means of 
fences, corrals, and trained dogs. 

Usually, there should be at least 40 
ewes in a farm flock, so as to reduce the 
expense per head for shelter, equipment, 
and labor, and the cost of keeping a good 
ram. Often the flock can advantageously 
be much larger than this, but if a farm is 
too heavily stocked with sheep, the 
troubles from stomach worms and other 
parasites are greatly increased. For this 
reason, but few farm flocks contain more 
than 200 ewes. 

1261. Types of sheep. — The origi- 
nal fine-wool or Merino sheep were de- 
veloped primarily for the production of 
wool and have bodies which, like those 
of dairy cows, are angular in form. At 
the other extreme are the mutton sheep, 
comprising the medium- and long-wooled 
breeds, which were developed primarily 
for the production of meat, with wool 
secondary. In shape of body these breeds 
resemble the beef breeds of cattle, being 


blocky and compact. The Rambouillets 
and the Delaine-Merinos were developed 
from the original Spanish Merinos to se- 
cure a fine-wool sheep that would furnish 
more mutton. .■* 

On the western ranges sheep ^carry- 
ing some mutton blood are desired, so 
that the lambs will yield good carcasses. 
However, unless the range ewes have 
considerable fine-wool blood, they willj 
lose both their hardiness and their herd-| 
ing instinct and will scatter on the range, ^ 
so that many will be lost or fall prey to 
wild animals. A system of cross breeding 
is therefore followed in range flocks, or 
such breeds as thp Corriedale and the 
Columbia are used, which have been de- 
veloped by, crossing fine-wool and mut- 
ton breeds. 

It is outside the field of this volume 
to discuss the characteristics or merits of 
the different breeds of sheep. Tests have 
been conducted at several experiment 
stations to compare various breeds or to 
determine the relative value of rams of 
different breeds for crossing on native or 
scrub ewes. These studies show that 
lambs of the fine-wool type are slower 
in maturing than lambs of the mutton 
breeds and therefore usually make 
smaller daily gains and require some- 
what more feed for each pound of gain. 

Among the mutton breeds, there 
may be quite as much difference in gain- 
ing capacity and economy of gain be- 
tween various strains of one breed as 
there is between the different breeds. In 
deciding upon the breed to raise, one 
should therefore select the breed that 
seems best adapted to his own local con- 
ditions and to the requirements of his 
particular market. 

1262. Building up the farm flock. — 
Often the most economical way for a 
farmer to establish a flock of sheep is to 
buy young, thrifty western range ewes of 
good conformation. These are commonly 
less infected with internal parasites than 
are native eastern ewes. By the contin- 
ued use of good purebred rams of the 
same mutton breed, a flock of excellent 
mutton type and conformation may soon 
be built up that can scarcely be distin- 
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* guished from purebreds. Even the lambs 
of thes first cross will show pronounced 
improvement in mu.tton characteristics. 

If* native ewes are purchased locally 
to start the flock, it* is important that 
they he vigorous, thrifty, free from dis- 
ease, and of as uniform breeding as pos- 
sible. In certain sections, native fine-wool 
i ewes can be purchased more cheaply 
A than ewes of mutton type. Provided they 
pare thrifty, they make desirable founda- 
j tion stock for building up a farm flock by 
the use of purebred mutton rams. 

If one already has a flock of ewes, 
but they are of rather poor quality, he 
can make rapid improvement and thereby 
greatly increase the income from his 
sheep by using only a good purebred 
ram. For example, in North Carolina ex- 
periments half-blood ewes from purebred 
Hampshire or Shropshire rams and unim- 
proved dams averaged 108 lbs. in weight, 
sheared 5.0 lbs. of wool per head, and 
produced lambs of good quality that 
averaged 73 lbs. in weight at 5 months 
of age. 2 Native ewes weighed only 70 
lbs. and sheared only 3.1 lbs. of wool of 
shorter staple. Their lambs, sired by a 
scrub native ram, averaged only 51 lbs. 
at 5 months of age and yielded low-grade 
carcasses. Similar striking examples of 
the rapid improvement through the use 
of good purebred rams have been re- 
ported by the Kentucky, Mississippi, Ne- 
vada, Oklahoma, South Carolina and 
West Virginia Stations. 3 

1263. Lambs preferred to older 
sheep. — The tender, juicy, well-flavored 
meat from lambs is in far greater de- 
mand than mutton from older sheep. 
Hence, fat lambs sell for a much higher 
price per hundredweight than do older 
aniipafs* Also, lambs make much cheaper 
gains than do older sheep. Thus, in a 
Kansas Hrial the feed cost of 100 lbs. gain 
was. 56 par cent more for yearlings than 
for mid in a Texas test 35 per 

cent plater. 4 For these reasons, prac- 
tically all the lambs that are raised for 
meat are marketed before they are a year 
old. 

Most stockmen who fatten western 
feeder sheep for the market prefer lambs. 


Though they cost more per hundred- 
weight as feeders than do older animals, 
they sell for so much more when fat that 
there is usually a greater margin between 
cost and selling price per hundredweight, 
and hence a greater profit in fattening 
them. Some men make a practice of fat- 
tening old ewes, which can often be ob- 
tained at low prices. Such animals must 
be carefully selected and require expert 
care and good feed. 5 In the West they 
are often fed largely on beet pulp, as this 
is especially suited to those with “broken 
mouths,” or poor and missing teeth. 

II. Nutrient Requirements 
of Sheep 

1264. Importance of plenty of good 
roughage for sheep. — For success with 
sheep, it is essential that they have an 
abundance of first class roughage. This 
means plenty of good pasture through- 
out the growing season and a liberal sup- 
ply of good roughage in winter. 

High-quality roughage is even more 
important for sheep than it is for dairy 
cattle or beef cattle. For example, it has 
been shown in the preceding chapter 
that if beef cows are in good condition 
in the fall, they generally have a satis- 
factory calf crop when wintered on straw 
as the only roughage, with supplements 
to furnish sufficient protein and minerals. 
However, Indiana experiments show that 
such a ration is very inadequate for preg- 
nant ewes. 6 

In these experiments the results 
were decidedly unsatisfactory when ewes 
were wintered on oat straw, grain, salt, 
and a rather small amount of corn silage, 
even though soybean oil meal, ground 
limestone, and bone meal were added to 
furnish plenty of protein, calcium, and 
phosphorus. The lambs tended to be 
weak at birth and the ewes did not sup- 
ply enough milk for good growth of their 
offspring. On the other hand, the results 
were excellent when high-quality alfalfa 
hay was fed. 

These and later Indiana studies 
showed that the beneficial effects of the 
good legume hay were due in part to un- 
known vitamins or other factors, in addi- 
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tion to protein, calcium, and the common the best results in fattening^ lambs, as is 
vitamins. The results were fair on corn emphasized in the following chapter, 
silage as the only roughage, with a (1331) 

proper amount of protein supplement 1265. Nutrient requirements; feed- 

and a simple mineral mixture. However, i n g standards. — Detailed information 
alfalfa hay or dehydrated alfalfa meal concerning the amounts of nutrients re- 
contributed something additional to the quired by various classes of sheep is 
well-being of the ewes and their lambs, given in the feeding standards presented 
Lambs from ewes receiving some alfalfa in Appendix Table III. These state the 
had a lower rate of mortality. amounts of dry matter, digestible g£ 0 - J 

These and other experiments show tein, and total digestible nutrients to? 
that whenever possible, ewes should be be fed per head daily. Net-energy *r£e- \ 
supplied with plenty of well-cured leg- ommendations are also given, so that r&- 



Good Roughage Is Essential for Sheep 

For success with sheep, it is essential that they have plenty of first-class pasture through- 
out the growing season and a liberal supply of good roughage in winter. 

ume hay in winter, or with good mixed tions can be computed on the net-energy 

hay that has a considerable proportion basis, if desired. The standards also state 

of legumes. Silage is also very satisfac- the amounts of calcium, phosphorus, 

tory, especially as part of the roughage, and carotene advised per head daily for 

(1307) the various classes of sheep. 

To be suitable for sheep feeding, These standards are based 

grass hay must be cut early and be well by the author of the results 
cured. It has. been shown previously that periments that have been c^KeW>i to 

in Ohio experiments timothy hay cut in find the nutrient requiremenflj| HMpfe p : . 

early bloom was satisfactory for preg- especially the recent studies on fire pro- 

nant ewes, when properly supplemented, tein requirements of ewes and of fatten- 

( 566 ) On the other hand, the results ing lambs, which are reviewed in the fol- 

were very poor with late-cut timothy hay lowing articles. Full consideration has 

as the only roughage. also been given to the report of a special 

High-quality roughage, especially committee of the National Research 

legume hay or silage, is also necessary for Council, entitled "Recommended Nutri- 


GENERAL PROBLEMS IN SHEEP PRODUCTION 771 

ent Allowances for Sheep,” 7 and to the the subject is furnished by recent Mon- 
modifications of these allowances pre- tana, Oklahoma and South Dakota 
sented'by Kammlade. 8 trials. 10 

To serve as guides in selecting well- During the last 4 to 6 weeks of 

balanced, efficient rations, several ex- pregnancy, ewes need more protein than 
ample rations are given in Appendix previously, because the growth of the 
Table VII for breeding ewes and for fetus is then most rapid. After lambing, 
fattening lambs. These example rations considerably more protein is required, 
show the approximate amounts of vari- in order to secure the good milk flow 
ous feeds needed per head daily for the necessary for rapid growth of the 
different classes of sheep. They also show lambs. 

when protein supplements are needed to The experiments have shown that 



Straw Is Unsatisfactory as the Only Roughage 

Straw is a very poor feed for sheep. However, when hay is scarce, a limited amount of 
straw can be fed along with legume hay or legume hay and silage. 

balance, the ration, and the amount of mature ewes in good -condition in the 
supplement that should be supplied. fall will generally produce thrifty lambs 

1266. Amounts of protein for ewes, when they are wintered, up to 4 to 6 
— Since wool fibers are composed almost weeks before lambing, on a ration that 
entirely: of protein, sheep need a some- ^ as on ly 7 per cent protein supplying 
what ? greater proportion of protein in on !y 0*IQ fi>* digestible protein a day. 
their; rations than would be required if During the last weeks of pregnancy, at 
they. Wl^efaot making this protein prod- least 10 to 11 per cent of protein is 
ucLiiwever, extensive recent studies at needed in the ration, 
the North Dakota Station and the Leth- Though thrifty lambs have been 

bridge Station in Alberta, Canada, show produced on these very low levels of 
that if mature ewes come off good sum- protein, the wool production of the ewes 
mer pasture, they can be wintered satis- is reduced. Somewhat more liberal 
factorily up to lambing time on consid- amounts of protein are therefore recom- 
erably less protein than was formerly mended in the revised feeding standards 
thought necessary.® Other information on given in Appendix Table III. Ewes that 
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are still growing need more protein than fattening lambs have been studied in a 
those which are mature. considerable number of experiments. 

The low levels of protein mentioned Some of these experiments have been 
are successful only when the ewes have carried on to find whether or not it pays 
a ration that provides ample energy and to add a protein supplement to various 
is complete otherwise, having roughage rations. In other trials the effect has 
of satisfactory quality. Also, it is essen- been determined of adding various 
tial that the ewes be well fed after lamb- amounts of a protein supplement to typi- 
ing, or they may not yield enough milk cal rations for fattening lambs, 
to raise their lambs, especially if they The most extensive of such expert- 

have twins. After lambing, the ration ments are those at the New York (Cor- 
should have not less than 11 per cent nell) Station. 12 These New York studies 



Ewes Nursing Lambs Need Ample Protein 

Ewes nursing lambs require a somewhat larger proportion of protein in their rations 
than do dairy cows. 


total protein, and should furnish at least 
0.25 lb. digestible protein per head daily. 

The disastrous effects of a ration 
too low in protein are shown by an Okla- 
homa trial. 11 When ewes were wintered 
on prairie hay alone or prairie hay plus 
starch to provide plenty of energy, 75 
per cent or more of the lambs were dead 
at birth or died shortly afterwards. On 
the other hand, the results were satis- 
factory when a protein supplement was 
fed. 

Rations for breeding ewes are dis- 
cussed further in Chapter XXXI. ( 1306- 
1308) 

1267. Amount of protein for fatten- 
ing lambs. — The protein requirements of 


have included both practical feeding ex- 
periments and also metabolism experi- 
ments in which the actual storage of 
protein in the body has been deter- 
mined. In these experiments, lambs 
which usually weighed 50 lbs. or more 
at the start have been full-fed rations 
containing various percentages of pro- 
tein until they were well fattened. 

These experiments have shown that 
lambs of this age will make rapid gains 
and reach good finish on rations having 
about 10.3 per cent of total protein, on 
the air-dry basis. The nutritive ratios of 
such rations ranged between 1 : 7 and 
1 : 8. Increasing the percentage of pro- 
tein to 11.8 per cent produced slightly 
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p more rapid gains, but the Iambs were 
not so fat as those fed rations having 10 
* to 11 per cent protein. 

Much lower amounts of digestible 
protein were advised by Mitchell for 
growing and fattening lambs. 13 How- 
ever, in several of the New York experi- 
ments, lambs fed such low amounts of 
* protein, in a ration otherwise adequate, 
\ have failed to make satisfactory gains. 14 
\ 1268. Quality of protein. — It has 

7 been emphasized in Chapter V that at 
V least when sheep are fed roughage of 
good quality, it is unnecessary to con- 
sider the quality or kind of protein sup- 
plied by ordinary feeds. (127) In New 
York metabolism experiments, growing 
Iambs utilized the protein of com gluten 
meal just as efficiently as the protein of 
soybean oil meal or dried skimmilk. This 
was true even when corn gluten meal 
furnished nearly all the protein in an 
experimental ration having very little 
natural roughage. For swine or poultry, 
the protein of corn gluten meal would 
have been decidedly inferior. 

In practical feeding experiments 
with fattening lambs also conducted at 
the New York (Cornell) Station, corn 
gluten meal was about equal to soybean 
oil meal or linseed meal as the protein 
supplement to a ration of corn grain, corn 
silage, a very small amount of mixed 
hay, and ground limestone. 15 These re- 
sults differ from similar New York ex- 
periments with fattening cattle, which 
have been discussed previously. (715) 
For fattening cattle, com gluten meal 
was a decidedly less efficient supplement 
than linseed meal, soybean oil meal, or 
ground soybeans. This difference between 
the results with fattening lambs and 
with fattening cattle may be due to the 
fact that cattle full-fed on grain eat a 
much smaller proportion of roughage and 
a much larger proportion of grain than 
do fattening lambs. 

It has been shown previously that 
for fattening cattle certain combinations 
of protein supplements are usually su- 
perior to such single supplements as cot- 
tonseed meal or corn gluten meal. 
(1167) However, in experiments with 
fattening lambs there has been little or 


no advantage in using such combina- 
tions of protein supplements as the fol- 
lowing: 16 (1) Equal parts of linseed 
meal and cottonseed meal; (2) equal 
parts of gluten meal and either linseed 
meal or cottonseed meal; or (3) a triple 
combination of equal parts of the 3 
supplements. 

In a Colorado trial Purdue Supple- 
ment A, the use of which for beef cattle 
has been previously discussed, was not 
superior to soybean oil meal as the sup- 
plement to corn silage for fattening 
lambs. 17 (1178) 

Although the quality of protein in 
protein supplements is not ordinarily im- 
portant when sheep are fed good rough- 
age, it may make a difference when the 
roughage is poor. Peas, which are low in 
methionine, the essential sulfur-contain- 
ing amino acid, were not so good as lin- 
seed meal or alfalfa hay, fed as the 
supplement to poor grass hay for ewes 
in a Canadian trial. 18 In North Dakota 
studies with ewes the utilization of pro- 
tein was improved when methionine was 
added to certain experimental rations in 
which peas supplied most of the pro- 
tein. 19 It has been shown in Chapter 
XXII that, even with good roughage, raw 
beans are not satisfactory as the only 
protein supplement for fattening lambs. 
(844) 

Wool is very rich in cystine, one of 
the two sulfur-containing amino acids, 
but there is apparently no lack of cystine 
in ordinary rations that are otherwise 
satisfactory for sheep. 20 If sheep are fed 
a ration unusually low in cystine, there 
may possibly be a benefit from using a 
protein supplement high in this amino 
acid or in methionine, the other sulfur- 
containing amino acid. Thus, in an Aus- 
tralian test with Merino sheep, whose 
wool production is high, blood meal (a 
feed rich in cystine) gave excellent re- 
sults as a supplement to pasture grass 
that was exceedingly low in cystine. 21 

1269. Urea as a protein substitute. 
— The conditions necessary to enable 
ruminants to utilize urea as a substitute 
for part of the protein in the ration have 
been discussed in some detail in Chap- 
ter V. (129) For some unknown reason, 
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urea is generally a less satisfactory pro- 
tein substitute for sheep than for dairy 
cows or for beef cattle. 

A low-protein ration for sheep will 
be improved somewhat by the addition 
of urea. However, the results will gen- 
erally be still better when the ration is 
balanced with one of the usual protein 
supplements. 

Several metabolism experiments 
have proved that under proper condi- 
tions sheep can use urea as a partial sub- 
stitute for protein. 22 But in most such 
studies urea has not equalled a protein 
supplement. 

Sheep need more sulfur than do 
cattle, because of the richness of wool in 
cystine. Probably for this reason, if urea 
replaces a considerable part of the pro- 
tein, the utilization may be improved by 
adding a sulfate, or even free sulfur, or 
else by adding methionine, the essential 
sulfur-containing amino acid. (176) 
However, even then the nitrogen in 
urea is apt to be less efficient than that 
in real protein. 

Several experiments have been car- 
ried on to study the use of urea as a 
partial substitute for protein supplements 
in rations for fattening lambs. 23 When 
urea has replaced as much as one-half of 
the protein supplement commonly fed, 
the gains have been appreciably lower in 
most of the trials. Even when less urea 
has been used, there has been a tendency 
for the ration to be less satisfactory than 
with one of the ordinary protein supple- 
ments. 

Urea has produced somewhat better 
results when used as a partial protein 
substitute for wintering breeding ewes. 24 
However, in the majority of the experi- 
ments, the urea-containing rations have 
not been fully equal to rations balanced 
with such a protein supplement as soy- 
bean oil meal or cottonseed meal. 

1270. Adding a protein supplement 
to legume hay and grain. — Many experi- 
ments have been conducted to find 
whether or not it pays to add a protein 
supplement to a ration of grain and leg- 
ume hay for fattening lambs. These trials 
have shown that when lambs are fed a 
liberal amount of good legume hay with 


corn or other grain, there is usually 
enough protein to produce very satis- 
factory gains, without the addition- of any 
protein supplement. 

This is because full-fed .fattening 
lambs continue to eat considerable hay, 
even during the latter part of the fatten- 
ing period. The proportion of hay in the 
ration is thus considerably larger than 
in the case of fattening cattle full-fed 
on grain. 

Adding a small amount of protein 
supplement (0.10 to 0.15 lb. gpr head 
daily) to such a ration as alfalfa "fiay and 
corn for fattening lambs will commonly 
make a slight increase in the rate of gain, 
unless the hay is of especially good qual- 
ity and high protein content. However, 
the increase will not average more than 
0.05 lb. per head daily. The supplement 
usually stimulates the appetite of the 
lambs slightly, so that they eat more total 
concentrates (grain plus supplement) 
than they would if fed only grain and 
hay. 

This stimulating effect of the pro- 
tein supplement may be due to some 
other factor than the additional protein 
the supplement supplies. This is indi- 
cated by the fact that a ration of corn 
grain and good alfalfa hay, both full-fed, 
will usually have fully 12 per cent pro- 
tein. This is more protein than lambs 
seem to need for maximum gains. ( 1267 ) 

Though the addition of a protein 
supplement to a ration of corn and good 
legume hay increases the rate of gain a 
trifle, nearly as much feed is required 
per 100 lbs. gain as on the unsupple- 
mented ration. It is therefore doubtful if 
it will ordinarily pay to add a supple- 
ment to such a ration, if the hay is of 
good quality and an abundance is fed. 

If one desires to secure maximum 
gains, so as to have the lambs ready for 
market as soon as possible, it may be 
advisable to feed a supplement. Other- 
wise, it is usually best to omit the supple- 
ment and to continue the lambs on feed 
the few days longer that will be needed 
to reach the desired finish. During the 
last few weeks of the fattening period, 
when lambs full-fed on com tend to eat 
less hay than previously, there may be 


HP 
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4 ** more advantage in adding a small amount less hay than when hay is the only rough- 

of supplement to the ration. age. Nevertheless, they will generally eat 

^ The effect of adding a supplement 0.75 to 1.00 lb. of hay per head daily, 
to a ration of corn and good alfalfa hay, if it is of good quality. This will provide 
both full-fed to fattening lambs, is shown enough protein to make good gains, but 
by the results of 57 experiments in which it will usually pay to add about 0.15 lb. 
either linseed meal or cottonseed meal of a protein supplement to the ration, 
has been added to this ration. 25 The Such an addition will aid in keeping the 

$ average daily gain has been increased lambs on feed, will increase the gains 
only 0.05 lb. by feeding the supplement, slightly, and will produce a better fin- 
Not considering this slight difference in ish. Consequently, it will increase the 
rate of gain, each 100 lbs. of protein selling price. When protein supplements 
supplement has saved an average of 94 are unusually high in price compared 
lbs. corn" and 88 lbs. hay in these many with grain, it may be most profitable to 
trials. omit the supplement. 

At the usual prices for the protein In 12 experiments with fattening 

supplements in comparison with the lambs, the addition of 0.16 lb. per head 

prices of corn and hay, adding the sup- daily of linseed meal or cottonseed meal 
plement has increased the feed cost per to a ration of alfalfa hay, corn silage, 

100 lbs. of gain in weight. Therefore, and corn grain increased the daily gain 

the addition of the supplement has gen- 0.05 lb. on the average, raised the aver- 

erally not been profitable. age selling price by 23 cents per hun- 

If barley, wheat, oats, or grain sor- dredweight, and increased the average 

ghum is fed with legume hay, the addi- net return per lamb by 37 cents. 28 Not 

tion of a protein supplement does not taking into consideration the more rapid 

cause even as much increase in rate of gains or the increased selling price, each 

gain as adding a supplement to corn 100 lbs. of supplement saved 132 lbs. 

and legume hay. 26 This is because these corn, plus 114 lbs. hay and 100 lbs. 

grains generally are richer than corn in silage. Similar results have been secured 

? protein, in trials where a supplement has been 

Red clover hay usually has some- added to a ration of corn, clover hay, and 

| what less protein than does alfalfa hay. corn silage, 29 or to a ration of other 

j Nevertheless, adding a protein supple- grains fed with silage and legume hay. 30 

ment to a ration of only shelled corn and Whether or not it will pay to add a 

good clover hay for fattening lambs in- protein supplement to a ration of alfalfa 

creased the daily gain only 0.01 lb. in hay, wet or dried beet pulp, and grain, 

9 trials and did not decrease the amount will depend primarily on the amount of 

of feed required per 100 lbs. gain. 27 hay the Iambs eat and on its quality. 31 
| 1271. Adding a supplement when 1272. Total digestible nutrients; 

J non-legume roughage is fed. — When fat- net energy. — The amounts of total di- 

I, tening lambs are fed grain and only non- gestible nutrients and of net energy ad- 

' legume roughage, such as com silage or vised per head daily for ewes and for 

f grass hay, satisfactory gains cannot be fattening lambs are stated in Appendix 

| secured unless enough protein supple- Table III. An abundance of good rough- 

ment is fed to balance the ration. (698) age alone will usually supply sufficient 

When the roughage is mixed legume- total digestible nutrients or net energy 

and-grass hay or a combination of legume for breeding ewes in winter up to about 

| hay and corn or sorghum silage, a sup- a month or six weeks before lambing. A 

| plement is also usually needed, though small amount of grain or other concen- 

a smaller amount is required, trates should then be fed, on account of 

If fattening lambs are given all the the rapid growth of the unborn lambs 

j com silage or sorghum silage they will at that time. Another reason why con- 

f eat and are also full-fed legume hay and centrates are then needed is that the 

| grain, they will naturally eat somewhat capacity of the ewe to consume rough- 
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age is considerably reduced, because of 
the space in the abdomen that is occu- 
pied by the lamb or lambs and the fetal 
membranes. 

It is emphasized in the next chap- 
ter that if ewes are severely underfed 
before lambing they frequently have 
weak lambs, and are unable to raise 
them because of a poor flow of milk. 
( 1305 ) Underfed ewes are also more apt 
to have pregnancy disease. (1314) 

Ewes that are suckling lambs need 
a liberal supply of total digestible nu- 
trients. Therefore, ewes lambing before 
they go to pasture need a sufficient 
amount of concentrates, in addition to 
good roughage, to keep up a good milk 
yield. If they are on suitable pasture, 
they need be fed no concentrates. 

In order to fatten lambs rapidly, so 
that they will reach the desired degree 
of fatness before they become too large, 
they must receive a liberal amount of 
grain or other concentrates, in addition 
to plenty of good roughage. (1331) 
However, restricting the roughage and 
feeding an undue amount of grain will 
lead to less efficient use of feed and 
greatly increase the danger of overeating 
disease. (1333) 

1273. Addition of fat to rations. — 
When the price of low-grade animal fat 
is low, compared with an equal amount 
of energy in grain, it may be economical 
to add a small percentage of such fat 
to rations. (914) 

In a Texas trial the addition of 5 
per cent of tallow or grease to a mixed 
ration increased the gain slightly and 
reduced the feed cost per 100 lbs. gain, 
with the fat costing 1.8 times as much 
per pound as sorghum grain. 32 Adding 
10 per cent or more of the fat to the ra- 
tion decreased the gains. 

In a New York trial, adding 6 per 
cent of yellow grease or tallow did not 
appreciably increase the rate of gain, and 
it slightly reduced the selling price of the 
lambs. 33 With the fat costing 2.4 times as 
much per pound as shelled corn, the 
return per lamb above feed cost was 
higher without the added fat. 

Replacing part of the corn in a 
typical lamb fattening ration with 4 per 


cent of animal fat did not affect the di- 
gestibility of the ration in an Iowa tidal. 34 
A greater percentage decreased the di- 
gestibility. Hydrogenated animal fat, 
which had a very high melting point, 
was utilized less completely than was' 
tallow or corn oil. 

1274. Mineral requirements. — Ex- 
cept in the areas where there is a de- 
ficiency of one or more of the trace 
minerals, the only minerals that need 
consideration in feeding sheep under 
usual conditions are salt, calcium, and 
phosphorus. Calcium, phosphorus, and 
trace minerals are discussed in the arti- 
cles which follow. 

In districts where there is trouble 
from goiter in new-born lambs, the ewes 
should receive iodized salt during at least 
the latter half of pregnancy. (170) It is 
doubtful whether there is any benefit 
from using iodized salt in place of ordi- 
nary salt for fattening lambs, except pos- 
sibly in areas where there is a decided 
deficiency of iodine. (171) Adding too 
much iodine to a ration may produce 
serious injury. 35 

There is no need to add complex 
mineral supplements to the usual rations 
of sheep. 36 (187) 

1275. Salt. — Sheep show a special 
fondness for salt and consume consider- 
ably more salt per 100 lbs. live weight 
than do cattle. Under any ordinary con- 
ditions, they should be furnished salt 
regularly. When sheep are accustomed to 
salt, it is the best plan to let them have 
access to it in suitable boxes or other 
containers, so they can take what they 
wish. Ewes will usually eat one-fourth 
to one-half ounce of salt a day, and fat- 
tening lambs one-fifth to one-fourth of an 
ounce. 37 

In Iowa trials better results were 
secured from ewes fed one-fourth to one- 
half ounce of salt per head daily or al- 
lowed free access to salt, than when 
larger amounts were mixed with the feed 
or when no salt was supplied. 38 # 

Fattening lambs that were supplied 
with salt gained an average of 0.04 lb. 
more per head daily in 3 Kansas trials, 
than did others having no salt. 39 The 
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* feed cost per 100 lbs. gain was consider- 
ably less with salt than without it. 

Feeder lambs shipped from the 
western range have usually had no salt 
when in transit. Therefore, in starting 
them on feed they should gradually be 
accustomed to salt. 

On the western ranges allowances 
of salt equivalent to one-fourth to one- 
half ounce per ewe daily (not counting 
| the lamb^) are considered reasonable. 40 
Often the sheep are salted at intervals 
of 3 to 7 days, instead of daily. In the 
alkali districts, sometimes range sheep 
are not salted, but merely allowed to eat 
alkali. This is safe, if the alkali contains 
85 per cent salt. 41 

1276. Self-feeding a mixture of pro- 
tein supplement and salt. — Information 
has been given in previous chapters 
about self-feeding a mixture of protein 
supplement and salt to range livestock, 
instead of feeding the protein supplement 
daily. (142, 1170) This labor-saving 
method is used not only for beef cattle, 
but also for sheep. The precautions neces- 
sary in self-feeding such a mixture have 
been stated previously. 

In California studies a mixture of 
25 per cent salt and 75 per cent of pro- 
tein supplement was successfully used 
for pregnant and lactating range ewes. 42 
The high salt consumption had no in- 
jurious effects. 

1277. Calcium and phosphorus. — 
Whether or not there will be any advan- 
tage in adding a calcium or a phosphorus 
supplement to rations for breeding sheep 
or growing and fattening lambs will de- 
pend entirely on the amounts of these 
minerals supplied by the feeds they re- 
ceive. Whenever there is apt to be a 
deficiency of either of these mineral nu- 
trients, a suitable mineral supplement 
should be provided, as advised in Chap- 
ter VI. (149-150, 186) The feeding 
standards in Appendix Table III state 
the amounts of calcium and phosphorus 
advised per head daily for various classes 
of sheep. 

1278. Calcium. — When at least one- 
third of the roughage (on the dry basis) 
for sheep and lambs is legume hay or 


other legume forage, there will be abun- 
dant calcium. Experiments with breed- 
ing ewes 43 and with fattening lambs 44 
have shown that under such conditions 
there is no benefit from adding ground 
limestone or some other calcium supple- 
ment to the ration. 

There is generally no lack of cal- 
cium when sheep are on good pasture. 
However, if the soil is unusually low in 
the mineral, it is wise to provide a min- 
eral mixture supplying calcium. Wyo- 
ming studies indicate that the occurrence 
of "‘broken mouths” in ewes on the Red 
Desert ranges of that state is due, at 
least in part, to a lack of calcium. 45 

When no legume hay or other leg- 
ume forage is fed to sheep, there may 
be a decided lack of calcium in winter 
rations, especially where the forage is 
grown on soil very low in calcium. Cal- 
cium should then be supplied by adding 
0.25 to 0.40 ounce per head daily of 
ground limestone or other calcium sup- 
plement to the ration, or else by letting 
the sheep have access to a suitable min- 
eral mixture. 

Experiments at the Kansas, Ne- 
braska, and Texas Stations show that a 
lack of calcium is one cause of the poor 
results often secured when lambs are fat- 
tened on rations without legume for- 
age. 4 * 3 Lambs fed sorghum silage or fod- 
der as the only roughage, with com or 
sorghum grain and cottonseed meal, 
made decidedly slower and more ex- 
pensive gains than others that had al- 
falfa hay for roughage. However, when 
0.25 to 0.40 ounce per head daily of 
ground limestone or pulverized oyster 
shell was added, much better results 
were secured. The results were similar in 
Minnesota and Ohio trials, in which 
prairie hay or timothy hay was the only 
roughage for fattening lambs. 47 

Likewise, in Ohio trials satisfactory 
results were secured with breeding ewes 
fed only timothy hay and corn silage for 
roughage, if the hay was cut in early 
bloom and if 0.8 ounce of ground lime- 
stone per head daily and a sufficient 
amount of protein supplement were 
added to the ration. (566) 

In certain other trials there has been 
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an advantage from adding a calcium sup- 
plement to a ration containing no legume 
hay, while in others no advantage has 
resulted. 48 This difference in results is 
probably due to the fact that non-legume 
roughage varies widely in amount of 
calcium, depending on the calcium con- 
tent of the soil. 

If non-legume roughage is grown on 
soil fairly well supplied with calcium, it 
will take relatively little legume hay to 
provide enough additional calcium for 
fattening lambs. For example, in In- 
diana trials there was no benefit from 
adding a calcium supplement when fat- 
tening lambs were fed corn silage, corn 
grain, and cottonseed meal, with a full 
feed of good clover hay only every fifth 
day. 49 

As has been pointed out in the case 
of beef cattle, adding a calcium supple- 
ment to a ration that is marginal in phos- 
phorus content may be definitely injuri- 
ous. 50 (1171) 

1279. Phosphorus. — Extensive ex- 
periments have been conducted by the 
Idaho Station to determine the phos- 
phorus requirements of ewes 51 and of 
fattening lambs. 52 These investigations 
show that a phosphorus content of only 
0.16 to 0.19 per cent in the entire ration 
(air-dry basis) is adequate for ewes dur- 
ing pregnancy. When they are suckling 
their lambs, their rations should have 
0.23 per cent phosphorus. 

The Idaho studies and also Okla- 
homa experiments show that for fatten- 
ing or growing lambs, about 2 grams of 
phosphorus daily per 100 lbs. liveweight 
is sufficient. 58 Such rations will have ap- 
proximately 0.17 per cent phosphorus on 
the air-dry basis. 

When low-phosphorus rations were 
fed to pregnant ewes, abortion or weak 
lambs resulted. Phosphorus-deficient ra- 
tions for fattening lambs resulted in low 
gains, poor utilization of feed, and de- 
praved appetite. 

There will commonly be no lack of 
phosphorus for ewes or fattening lambs 
when they are fed grain and plenty of 
good hay or other roughage, unless the 
forage is grown on land very deficient in 
phosphorus, 54 This is because the grains 


usually have 0.27 per cent or more of’ 
phosphorus and good hay generally has 
at least 0.19 per cent. Corn silage, re- 
duced to the air-dry basis, has even more 
phosphorus, but the content in sorghum 
silage seems to be somewhat lower. 
When ewes are wintered on only good 
hay or hay and silage until a few weeks 
before lambing, they will usually have 
enough phosphorus, unless the forage is 
unusually low in phosphorus. | 

When sheep are wintered chiefly on ' 
mature, weathered range forage, , as in 
many districts of the West, there may be 
a decided deficiency *of phosphorus. 55 
Also, there may be a serious lack of 
phosphorus when feeds that are particu- 
larly low in phosphorus form a consid- 
erable part of the ration for ewes or fat- 
tening lambs. Such feeds are beet pulp 
and beet molasses. 

Whenever there is apt to be a lack 
of phosphorus, a low-fluorine phosphorus 
supplement should be supplied, as rec- 
ommended in Chapter VI. (158, 169) 
Sheep on pasture seem to be less apt 
to show a lack of phosphorus than do 
cattle on the same pasture. This may be 
because sheep have a very selective habit 
of grazing. 

When there is already an ample 
supply of calcium and phosphorus in 
the ration, forcing sheep to consume a 
calcium or phosphorus supplement may 
even be detrimental. For example, in 
the case of breeding ewes, too liberal 
a supply of these minerals may even 
perhaps cause more cases of difficult 
lambing, because of an increase in the 
size of the skeleton of the lambs. 

1280. Trace minerals. — In an area 
where there is a deficiency of a trace 
mineral, it is essential that the lack be 
corrected, as has been emphasized in 
Chapter V. (173, 175) In other feeas 
there is no advantage in using:; trace- 
mineralized salt instead of ordinary salt, 
or in supplying a mineral mixture that 
furnishes cobalt, copper, or iron. 56 

The striking benefits produced by a 
cobalt supplement in deficient areas are 
well shown by Wisconsin studies. 57 In 
certain sections of northern Wisconsin 
sheepmen were having disastrous results 
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in their flocks. For example, in one flock season, all of their vitamin needs are 
of 1,300 ewes and lambs, all but 200 usually met. Pasture that is at all suit- 
died during the year. When a mineral able for sheep is high in vitamin A value 
mixture containing cobalt was supplied (carotene content). In the fall, sheep 
the sheep in these flocks, the troubles that have been on good pasture during 
were entirely prevented. Later studies summer will consequently have a con- 
showed that when a mineral mixture siderable store of vitamin A in their 
containing both cobalt and bone meal bodies. (192) If ewes or lambs are then 
was supplied for sheep on pasture, they fed hay of reasonably good quality or 
were protected to some degree from in- other satisfactory roughage, they will 
jury from stomach worms. New York ex- have plenty of vitamin A. 
periments have also shown the disastrous It has been emphasized previously 


Abundant Supply of Vitamins on Good Pasture 

Sheep on such pasture have an abundant supply of vitamins. Legume or mixed legume- 
and-grass pasture is also rich in protein and calcium. 

results from feeding lambs a cobalt- in this chapter that it is always advisable 
deficient ration. 58 to provide pregnant ewes with high- 

Although the area around Cornell quality roughage in winter. (1264) Ex- 
University, New York, is not decidedly periments have shown, however, that if 
deficient in cobalt, the content is appar- ewes have been on first-rate pasture dur- 
ently marginal In 3 experiments fatten- ing the growing season, they may pro- 
ing lambs gained appreciably more when duce normal lambs when fed roughage 
cobalt was added to the ration, unless low in carotene during most of the win- 
at least 0.1 lb. linseed meal was fed per ter. 60 It is not safe to continue such a 
head daily. This amount of linseed meal ration too long, for the ewes may be- 
evidently furnished sufficient cobalt, as come depleted in vitamin A, They will 
it is higher in the mineral than most then suffer from the deficiency, and the 
other feeds. 59 lambs may be born so weak that they 

1281. Vitamin requirements— If soon die, or the milk of the ewes may 
sheep have plenty of good roughage, have so little vitamin A that the lambs 
including pasture during the growing are seriously affected. 
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Under any usual conditions in the 
United States there is apparently no 
need of feeding a vitamin D supplement 
to sheep. 61 The fact that they are gen- 
erally outdoors and exposed to sunlight 
much of the time, even in winter, pro- 
tects them against any deficiency of vita- 
min D. Also, field-cured hay or fodder 
supplies the vitamin. However, as stated 
in Chapter VII, rickets sometimes occurs 
in New Zealand in lambs on pasture, for 
some unknown reason. 62 (201) This can 
be prevented by a vitamin D supple- 
ment. 

The B-complex vitamins are synthe- 
sized through the bacterial action that 
normally occurs in the rumen of sheep. 
Thrifty sheep that are digesting their 
feed properly therefore have no lack of 
these vitamins. 63 If sheep are very de- 
bilitated because of infection with in- 
ternal parasites, the administration of 
yeast, before they are treated to remove 
the parasites, may be beneficial in order 
to restore their appetite and build them 
up. (957) 

In a Wisconsin experiment there 
was no advantage in adding a vitamin 


npplement to the ration of ewes 


nursing lambs, or to the creep feed given 
the lambs. 64 

It has been found in experiments 
where new-born lambs were fed syn- 
thetic milk, lacking B-complex vitamins, 
that they need a supply in their food, 
before the rumen is developed. 65 Fortu- 
nately, ample amounts are provided by 
their mothers’ milk. 

The ordinary rations fed sheep sup- 
ply ample vitamin E for successful re- 
production. ( 223 ) It is shown in the 
next chapter, however, that the stiff- 
lamb disease can be prevented by feed- 
ing vitamin E supplements. ( 1315 ) 

It has been mentioned previously in 
this chapter that the poor results pro- 
duced by feeding chiefly low-grade 
roughage, such as straw, to pregnant 
ewes, may be due in part to the lack of 
unknown vitamins which are supplied 
by high-quality roughage. ( 1263 ) 

1282. Water. — Plenty of fresh wa- 
ter should always be furnished sheep, 
under all ordinary circumstances. Ewes 


on dry feed in winter may drink as much ^ . 

as 1 gallon per head daily before lamb- * 

ing and 1.5 gallons or more when nurs- {P* 
ing lambs. Lambs that are being fattened 
on dry feed will drink 1.2 to 2 quarts or 
more of water a day. 66 

When sheep are fed succulent 
feeds, such as silage or roots, they drink 
correspondingly less water. In districts /, 
with very heavy dews, sheep on pasture / 
may get along without other water, and ' , 
likewise when they are fed large quan- 
tities of roots in winter. More water* is 
needed in warm weather than when it is 
cooler, and fattening lambs drink more 
as their grain allowance increases. 

Because of the danger of infection 
with internal parasites, drinking from 
stagnant pools must be avoided. It is not 
necessary to warm water for sheep in 
winter. In some regions sheep even have 
to eat snow during much of the winter 
for their water supply, and apparently are 
not injured. 

1283. Antibiotic feed supplements. 

— The results of the experiments con- 
ducted to determine the effects of adding 
either aureomycin or terramycin to fatten- 
ing lamb rations have varied. 07 * 68 ( 966 ) 

A more favorable response has usually 
been secured under commercial feedlot 
conditions than with car§£ully controlled 
experimental conditions because of the 
difference in disease levels present. When 
needed an antibiotic feed supplement 
should be fed at a level of 10 milligrams 
per pound of total ration. Carcass quality 
is not affected by such an addition. 

Under some conditions, the addition 
of antibiotics to the ration has resulted 
in some reduction of enterotoxemia or 
"overeating disease,” although recent 
New Mexico results show no benefit. 69 

If an antibiotic produces a response 
in a given situation, the cost of the addi- 
tion should be balanced against such fac- 
tors as reduction in disease, increased 
gain, and improved feed efficiency, to de- 
termine its net effect. 

Some experiments have been con- 
ducted to determine the effects on suck- 
ling lambs of adding an antibiotic 
supplement to the creep feed, or of im- 
planting an antibiotic pellet in the head, 
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"under the skin. 70 Here again, the results 
have differed decidedly. There have been 
/ ' no benefits in as many trials as there have 
been increases in rate of gain. 

1284. Arsonic supplements; surfact- 
ants; tranquilizers. — Little information is 
yet available concerning the effect of ar- 
sonic supplements on lambs. In Illinois 
experiments with 3 different types of 

\ arsonic compounds, none proved consist- 
; ently beneficial with either a typical lamb 
fattening ration or with a diet using 
wheat straw as roughage. 71 If such com- 
pounds are added to the feed care should 
be taken not to include toxic levels, espe- 
cially if water consumption is limited. 

In South Dakota trials the addition 
of a surfactant to a ration for fattening 
lambs did not increase the rate of gain. 72 

A new “chemobiotic” (tetra alkylam- 
monium stearate or dynafac) has given 
variable results. Recent work reported by 
Washington showed no effect on weight 
gains, market grade, or price of commer- 
cial lambs receiving 1 gram per head 
daily of this compound in the feed. On 
the other hand, work by a commercial 
laboratory showed improved feed effi- 
ciency and increased daily gain com- 
pared with other lambs receiving anti- 
biotics in the feed. 

Lambs fed tranquilizers (reserpine 
or hydroxyzine) have shown inconsistent 
results. Purdue work showed no effect on 
daily gain or feed efficiency, while certain 
commercial work and Iowa experiments 
demonstrated a distinct response on both 
gain and feed efficiency. Since lambs vary 
greatly in their response to diets due to 
their origin, breeding, and environment, 
more research needs to be conducted on 
this subject before valid recommenda- 
tions can be made. 

1285. Hormones for lambs. — The 
effects of implanting pellets containing 
stilbestrol or other hormones under the 
skin in the heads of lambs have been 
studied in several recent experiments. 
The implantation of stilbestrol pellets has 
generally increased the rate of gain of 
fattening lambs and lowered the amounts 
of feed required per 100 lbs. gain. 73 

However, the quality of the car- 
casses has been lowered appreciably in 


most of the trials. Even more important, 
implanting stilbestrol has sometimes had 
very injurious effects on the lambs. It has 
caused prolapse of the uterus in ewe 
lambs, and in wethers has produced pro- 
lapse of the rectum and blockage of the 
urinary tract, resulting in “water belly.” 
Some large lamb feeders have had 
severe death losses of fattening lambs, 
apparently caused by implanting stil- 
bestrol pellets. 

In addition, the stilbestrol may pro- 
duce earlier closure of the break joint in 
lambs, so that the carcasses are classed 
as yearling, instead of lamb. This reduces 
the price appreciably. 

More limited data are available con- 
cerning the effects of implanting pellets 
containing other hormones. A commer- 
cial product is being made that has a 
combination of two natural sex hormones 
— progesterone and estradiol. Favorable 
results were secured with such pellets in 
a Michigan trial and a Minnesota trial, 
but in a Virginia test 5 out of 8 lambs 
implanted with such pellets died from 
prolapse. 74 In another experiment the 
carcasses from the implanted lambs 
graded lower. 75 

Several experiments have been con- 
ducted to evaluate stilbestrol supplemen- 
tation of fattening lamb rations, in a man- 
ner similar to fattening cattle. (1183) 
Adding 2 mgs. of stilbestrol per head 
daily in the feed of fattening lambs in- 
creased gains, and did not lower carcass 
quality or produce side effects in Iowa 
trials. 76 Increased levels of stilbestrol low- 
ered the carcass quality. 

On the other hand, in a Kansas trial 
even 2 milligrams of stilbestrol per head 
daily affected the quality of the carcas- 
ses. 77 In Minnesota experiments adding 
stilbestrol to the ration increased the 
gain in some cases, but not in others. 78 
The results with fattening lambs thus 
apparently differ from those secured with 
fattening cattle and this compound is not 
widely used at present. 

In a Tennessee experiment the addi- 
tion of stilbestrol to the ration of lambs 
had no effect on digestibility, but it did 
increase the retention of protein, cal- 
cium, and phosphorus. 70 
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III. Miscellaneous Problems in 
Sheep Husbandry 

1286. Grinding or crushing grain. 
— There is no benefit from grinding or 
crushing most kinds of grain for sheep, 
except for old sheep with poor teeth, 
for young lambs up to 5 to 8 weeks of 
age, or perhaps when fattening lambs are 
being self-fed such a mixture as grain 
and chopped hay. It is wise to grind such 
hard seeds as hull-less barley or millet, 
and also screenings containing a con- 
siderable proportion of small weed seeds. 

Also, recent Texas experiments with 
fattening lambs show that grinding ap- 
preciably increases the value of the grain 
of combine-type sorghums, which have 
smaller and harder seeds than other grain 
sorghums. 80 

If grain is processed for sheep, it 
should be ground coarsely or crushed, 
instead of being ground to a fine meal, 
for this is less palatable to them. Simi- 
larly, pea-size linseed cake or cottonseed 
cake is somewhat preferable to linseed 
meal or cottonseed meal for sheep feed- 
ing. 

1287. Chopping or grinding hay, 
fodder, or stover. — Many experiments 
have been conducted to find whether or 
not it pays to chop or grind hay for 
sheep. 81 These tests have shown that 
when hay of good quality is fed in suit- 
able racks or bunks and only as much is 
fed as will be cleaned up reasonably 
well, extra expense for chopping the hay 
is generally not warranted. There is still 
less reason for grinding hay, since sheep 
are apt to prefer long hay to that which is 
ground. If hay is stored in chopped form 
when it is put into the barn, it should 
not be chopped so fine that it is dusty. 
(407) 

If the hay is rather stemmy and of 
poor quality, the sheep can be forced to 
eat more of the stems by chopping it. 
However, if one has plenty of hay, it is 
doubtful whether chopping is desirable 
even then. A better plan may be to feed 
an abundance of the hay, so the sheep 
can pick it over and eat only the more 
palatable and nutritious part. The re- 
fused part can be used for bedding or 


be fed to cattle being roughed through 
the winter or to idle horses. 

When self-feeders are used for feed- 
ing grain to fattening lambs, often a mix- 
ture of cut or ground hay and ground 
grain is self-fed, instead of grain and 
hay separately, in order to lessen diges- 
tive disorders and reduce the death 
losses. (1335) Also, if one Wishes to 
crowd hand-fed lambs on all the . grain 
they will eat, digestive trouble miy be 
lessened by mixing chopped hay with 
the grain. 82 A mixture of* chopped hay 
and gr&in is sometimes fed in starting 
fattening lambs on feed. 

If fattening lambs are fed hay (even 
good alfalfa hay) with great liberality, 
as is a common practice in the western 
states, there may be an appreciable sav- 
ing through chopping or grinding it. In 
western experiments chopping alfalfa 
hay, not too fine, has increased its value 
18 to 19 per cent, 83 and grinding the hay 
has made twice as large an increase in 
value. 84 In these western trials as much 
as 16 to 28 per cent of the long hay was 
not eaten by the lambs. When hay of 
good quality is fed in racks that prevent 
wastage, the saving through chopping or 
grinding will not average as much as in 
these trials. If hay is ground for sheep, 
it should not be ground too fine, for such 
a product is very dusty. 

Whether it will pay to chop or shred 
dry corn fodder or stover or sorghum for- 
age for sheep will depend on the pro- 
portion they would waste if the roughage 
were fed uncut, and also on the cost of 
such preparation. In a Texas test chop- 
ping sorghum hay for fattening lambs 
slightly increased the gains and saved 
one-third the hay, while in Colorado and 
Oklahoma trials it did not pay to chop 
sorghum hay or fodder or Sudan hay for 
lambs. 89 

1288. Pelleting feed. — Several ex- 
periments have been conducted recently 
to determine the effects of pelleting the 
entire ration for fattening Iambs, or of 
pelleting only ground hay or else the 
concentrates. 86 In most of the trials in 
which the entire ration has been pelleted 
the gains and feed efficiency have been 
increased by pelleting, especially when 


'I 
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pellets containing the proper proportion 
of concentrates and hay have been self 
/ fed. However, often the cost of grinding 
and pelleting the grain and hay has 
been so high that the feed cost per 100 
lbs. gain and the net return have been 
decidedly lower. In some of the trials the 
cost of such preparation has been $12 to 
$15 per ton. 

There seems to be more advantage 

f in pelleting the entire ration- when the 
roughlge is of rather poor quality, than 
when good roughage is fed. 

In l^Jew Mexico trials with * fatten- 
ing lambs and yearlings, the gains were 
more rapid on pellets made from a mix- 
ture of ground sorghum grain, molasses, 
and ground stemmy alfalfa hay than 
when good long hay and whole sorghum 
grain were fed. 87 However, the cost of 
processing the pelleted ration was as 
high as $13.86 per ton. 

If fattening lambs are fattened on 
pellets containing a mixture of concen- 
trates and ground hay, it is wise to sup- 
ply a little good long hay. Otherwise, 
they may show a great desire for such 
roughage, and manifest this by gnawing 
on feed racks and bunks. 

Grinding the grain and pelleting the 
concentrate mixture alone for fattening 
lambs has not usually been profitable, 88 
or grinding and pelleting the hay. 89 

1289. Shelter. — Sheep are so well 
protected from cold by their fleeces that 
they do not need warm shelter. Even in 
the northern states, one thickness of 
matched boards will make a bam or shed 
sufficiently warm, except for winter 
lambs. In the drier sections of the West, 
often no winter shelter is provided other 
than a windbreak to protect the sheep 
from cold winds and driving storms. If 
they are kept dry, sheep will stand a 
great degree of cold with no harm. On 
the other hand, too-warm quarters are 
injurious, for sheep sweat badly in winter 
when kept in a warm bam, and they are 
then apt to catch cold. 

Ample ventilation is of great impor- 
tance, but drafts should be avoided. 
With sheep it is more important than 
with other livestock that they be kept 
dry. Sufficient light, good drainage, and 


conveniences for feeding are other es- 
sentials of a good sheep barn. The door- 
ways should be wide, to avoid injury 
when many animals attempt to rush 
through at once, in true sheep fashion. 

In late spring and early summer the 
flock should be sheltered from cold rains, 
if possible, for the exposure may be 
dangerous, especially to young lambs. 
Even in the South, sheep should be pro- 
tected from winter rains. 

In summer, if there is no natural 
shade in the pastures, a movable shelter 
should be provided for shade, or the 
flock should have access to a darkened 
but well-ventilated shed. A fringed cur- 
tain of cloth or sacking through which 
the sheep may pass, will help to keep 
out flies. 

Fattening lambs or sheep have an 
excess of heat on account of their liberal 
rations and therefore need less shelter 
than do breeding ewes. A well-bedded 
shed, opening to the south into a well- 
drained yard, is ideal for winter shelter, 
except perhaps in the extreme northern 
states. In 5 Indiana tests lambs thus 
sheltered made as rapid and as cheap 
gains and returned more profit than 
others housed in a well-ventilated barn. 90 
In 3 trials at the Wisconsin Station, where 
the winters are colder, lambs housed in 
a well-ventilated bam and turned out 
daily for exercise gained a trifle more 
rapidly than did others housed in an open 
shed, partly boarded up for additional 
protection. 91 The average cost of feed 
was only 4.6 per cent higher for the 
lambs in the shed. 

In the plains states and westward, 
no shelter is usually furnished for fatten- 
ing lambs, except perhaps a windbreak. 
Any slight saving in feed through provid- 
ing sheds is not sufficient to justify the 
expense. 

In Nebraska and Idaho tests, pro- 
viding an open shelter did not increase 
the gains or decrease the feed required 
per 100 lbs. gain. 92 In 3 trials in eastern 
Oregon, lambs having access to an open 
shed made slightly larger gains than 
others fed in a yard with no shelter, and 
required 3 per cent less feed for 100 lbs. 
gain. 93 


784 



Exercise Is Essential for the Ewe Flock 

If the ewes do not secure plenty of exercise, they are apt to have weak lambs. In winter 
the ewes may be forced to exercise by scattering roughage over a nearby field. ( From Wis- 
consin Station. ) 


storm. To induce them to exercise on all seeds will not fall upon the necks of the 
fair days, roughage may be scattered in sheep and injure the quality of the wool, 
small bunches over a nearby field. If the Combination grain-and-hay racks are sat- 
snow is deep, paths should be broken out isfactory, if properly constructed. About 
with a snow plow. On stormy days the 15 to 18 inches of linear feed trough and 
sheep should remain indoors, for wet rack space should be provided for each 
fleeces dry slowly in winter, and ewes ewe and 12 to 15 inches for each fatten- 
that are close to lambing are better off ing lamb. Sheep are commonly fed hay 
without undue exercise. and any other feeds twice a day. 

For fattening lambs or sheep, it is 1292. Wool production.— The corn- 

preferable to limit the exercise, because position and structure of wool have been 
too much exercise may reduce the gains, discussed in Chapter X. (314) It has 
In 3 New York trials lambs confined to also been there shown that adverse con- 
a roomy pen in a well-ventilated barn ditions, such as sickness, undue exposure, 
gained a trifle more than others allowed or a decided lack of feed, will not onlv 
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decrease the yield of wool but will also 
irifure the quality. 96 ' 

By proper culling of the flock of 
breeding ewes and using the weight and 
quality of the individual fleeces as one 
basis of selection, a marked improve- 
ment can be made in the annual yield of 
wool. 97 The first years fleece of a ewe 
is usually a less reliable index of the 
fleece weight during succeeding years 
tha ■ the fleece of the second or third 
year. 

s' he tendency in the case of certain 
breeds to place Undue emphasis, on wool 
coh ering over the face, ears, and legs is 
undesirable. A covering of wool around 
the eyes is a distinct disadvantage, es- 
pecially under range conditions. Fre- 
quent clipping around the eyes is neces- 
sary, so that such sheep can see to eat 
and drink. 

Even then, ewes with covered faces 
are less productive than open-faced ewes. 
In trials by the United States Depart- 
ment of Agriculture in Idaho, ewes with 
open faces produced 11 ‘per cent more 
pounds of lamb a year than those with 
covered facesl 98 This was in spite of the 
fact that all ewes that were apt to be- 
come wool-blind were clipped around 
the eyes 3 times a year. The ewes with 
covered faces produced but a trifle more 
clean wool a year, only one-twentieth of 
a pound more, on the average. 

Interesting experiments have been 
conducted in Wyoming to find whether 
protecting range sheep with canvas coats 
or rugs during winter would increase the 
yield or quality of the wool enough to 
justify the expense." The coats appre- 
ciably increased the yield of wool, on the 
scoured basis, but the life of the coats 
was too short and the sheep lost too 
many of them to make the practice profit- 
able. 

1293. Shearing sheep. — Sheep are 
usually shorn in the spring after the 
weather has become fairly warm and 
settled. It is unwise to shear them too 
early, as they need the covering of wool 
to protect them from cold rains and 
snows. On the other hand, when shear- 
ing is delayed unduly, the sheep suffer 
from the heat and are troubled more 


with maggots about the breech, owing 
to the wool becoming foul. 

Sheep should not be shorn when the 
fleeces are wet or even damp, as the 
wool is then apt to mildew. The fleeces 
should always be tied with paper twine 
or a strand made from the wool. Binder 
twine or sisal twine should never be used, 
as the fibers adhere to the wool and can- 
not be dyed uniformly with the wool. In 
branding sheep, a scourable branding 
paint should be used. 

In hot climates sheep are often 
shorn twice a year, so they will be more 
comfortable. In Texas experiments shear- 
ing range ewes twice a year slightly in- 
creased the yield of wool, but hardly 
enough to offset the lower price received 
for the shorter fleeces. 100 The percentage 
of lambs born was not increased appre- 
ciably by shearing the ewes twice a year, 
but the death loss was reduced a trifle. 
Where the range is infested with shrubs 
like cafs-claw, which tear long wool, 
shearing twice a year is advisable. 

Lambs and sheep that are to be fat- 
tened for market are often shorn either 
before being placed on feed or during 
the early part of the fattening period, 
to stimulate their appetites and make 
them more comfortable. Several experi- 
ments have been conducted to compare 
the results from fattening shorn and un- 
shorn lambs. 101 These tests have shown 
that unless the weather is s6 warm that 
they are uncomfortable, unshorn lambs or 
other sheep will usually make practically 
as large and economical gains as if shorn. 

In very /cold weather shorn lambs 
may make slower gains and require 
slightly more feed per 100 lbs. gain. Be- 
fore shearing, one should find the prob- 
able difference in price between fat 
shorn and unshorn shebp, and also know 
about how much wool he will secure by 
shearing and the price it will bring. 

QUESTIONS 

1. State some of the important advantages 

of sheep production under farm con- 
ditions. 

2. Why must some Merino blood be re- 

tained in the flocks on the western 
ranges? 
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3. Give an example of the improvement 

that can be made by the use of a pure- 
bred ram on common ewes. 

4. Why are lambs that are not retained for 

the breeding flock practically never 
carried over to the second year? 

5. What have experiments shown concern- 

ing the importance of good roughage 
for breeding ewes? 

6. Discuss the protein requirements of ewes 

during various periods. 

7. What percentage of protein in a ration 

(on the air-dry basis) is needed by 
fattening lambs? 

8. Is the quality of protein important for 

sheep fed good roughage? 

9. Discuss the use of urea in feeding sheep. 

10. Discuss the addition of a protein supple- 

ment to a ration of grain and alfalfa 
hay for fattening lambs. 

11. Should a protein supplement be added 

to a ration of corn silage, legume hay, 
and corn or other grain for fattening 
lambs? 

12. Compare the requirements of pregnant 

ewes and fattening lambs for total di- 
gestible nutrients or net energy. 

13. What have experiments shown concern- 

ing the addition of fat to rations for 
fattening lambs? 

14. What minerals need consideration in 

feeding sheep under usual conditions? 

15. Discuss the salt requirements of sheep. 

16. Under what conditions should a calcium 

supplement be added to sheep rations? 

17. Are any trace mineral supplements 

needed for sheep in your arear 

18. Discuss the water needs of sheep. 

19. What have experiments shown concern- 

ing the use of the following for fatten- 
ing lambs: (a) Antibiotic feed supple- 
ments; (b) arsonic supplements; (c) 
surfactants; ( d ) stilbestrol. 

20. Discuss; (a) Grinding grain for sheep; 

(b) chopping or grinding roughage; 

(c) pelleting feed. 

21. Discuss the requirements of sheep for 

shelter. 

22. Compare the requirements of breeding 

ewes and of fattening lambs for exer- 
cise. 

23. On what basis would you cull a flock of 

breeding ewes? 

24. Discuss the shearing of sheep and of fat- 

tening lambs. 
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CHAPTER XXXI 

FEEDING AND CARING FOR SHEEP AND LAMBS— 
FATTENING LAMBS— GOATS 


I. The Breeding Flock; Raising 
the Lambs 

1294. Essentials of successful flock 
management. — Intelligent management 
and proper care are even more necessary 
for success in sheep production than with 
the other classes of livestock. Yet, sheep 
are not hard to raise, once their rela- 
tively simple requirements are under- 
stood. Some of the most important points 
in successful flock management are: (1) 
Plenty of good pasture throughout the 
growing season; (2) proper feed and care 
of the ewes during winter, before and 
after lambing; (3) control of parasites; 
(4) producing the kinds of lambs that 
are in demand and having the lambs 
ready for market at the time of year 
when prices are high. 

Order, regularity, and quiet are of 
prime importance in the management of 
sheep. The flock should always be cared 
for by the same attendant, who moves 
among them quietly, giving notice of 
his approach by speaking in a low voice 
and closing doors and gates gently. 
Cleanliness is essential, for sheep are 
fastidious, and dislike eating from dirty 
feed racks or troughs. 

Unless stated otherwise, the discus- 
sions in this chapter concerning the feed- 
ing and care of sheep apply mainly to 
flocks kept under farm conditions. The 
production of sheep on the range is con- 
sidered later in the chapter. (1325) Fi- 
nally, the fattening of feeder lambs, es- 
pecially those from the western ranges, is 
discussed in some detail. (1326-1337) 

1295. Importance of good pasture. 
— For efficiency and economy in sheep 
production, an abundance of good pas- 
ture is essential for the flock throughout 
the growing season. Good pasturage is 
not only very important in keeping sheep 


thrifty, but also it is far cheaper than 
harvested feeds. ' 

The economy of pasture if well 
shown by Indiana experiments with ewes 
and lambs, conducted during 3 pasture 
seasons. 1 Unweaned lambs made larger 
gains and reached better market finish 
when on good pasture with their mothers, 
without grain feeding, than when the 
ewes were fed in a dry lot, without pas- 
ture, on an excellent ration of alfalfa hay, 
corn, and oats. This was true even when 
the lambs in the dry lot were fed plenty 
of corn and alfalfa hay in a lamb creep. 
The cost of feed eaten by Iambs and 
ewes, for each 100 lbs. gain made by 
the lambs, was only $2.83 for the Iambs 
on pasture, in comparison with $16.82 for 
those in the dry lot. 

1296. Pastures for sheep. — Perma- 
nent pastures or fields in the regular crop 
rotation are used most commonly for 
farm flocks of sheep. This is because such 
pastures generally provide forage at 
lower cost and over a longer season than 
annual pasture crops like rape or Sudan 
grass. Temporary pasture crops may be 
very useful in furnishing forage when 
other pastures are scanty®during midsum- 
mer drouth. However, good pasture for 
this period can often be provided most 
readily and economically by using for 
pasture the second growth of mixed leg- 
umes and grasses on an early-cut hay 
field. (382) 

Detailed information has been pre- 
sented in Chapter XIII on the fertiliza- 
tion, improvement, and management of 
pastures. The various pasture crops 
adapted to different regions have been 
discussed in Chapters XVI, XVIII, and 
XIX. It has been emphasized in these 
chapters that in most humid regions suit- 
able mixtures of legumes and grasses are 
far superior to grass alone for pasture. 
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Such mixtures provide more nutritious always be taken. (49) Even with proper 
forage than grass alone. Even more im- care, animals occasionally bloat, espe- 
portant, they furnish good feed over a dally on sultry days following a rain. Im- 
longer period, especially in midsummer mediate attention is then necessary to 
when such a grass as Kentucky bluegrass save the afflicted animals. One of the 
makes little growth. methods of treatment suggested later 

Among the high-yielding pasture should then be used. ( 1298 ) 
mixtures are alfalfa with bromegrass or The pasture season can often be ex- 

timothy, Ladino clover and grass, or les- tended by using winter grain for pasture 
pedeza and grass. The superiority of such in late fall and early spring. In the south- 
mixtur|s over grass alone for sheep pas- ern states, winter grain or other winter 
ture is^vell shown by Michigan and 1131- pasture crops will furnish good pasture 
nois tests. 2 In 3 Michigan trials the aver- during most of the winter. 



Good Pasture Essential Throughout the Season 

For efficiency and economy in sheep production, an abundance of good pasture is 
essential from early in the spring until late in the fall. 

age liveweight gain of sheep per season The importance of such pasture for 

was 362 lbs. per acre on alfalfa-brome- early lamb production is shown by Geor- 
grass pasture and 309 lbs. on alfalfa- gia tests. 3 Lambs pastured with their 
orchard grass pasture, in comparison with dams on wheat pasture gained 60 per 
only 54 lbs, on orchard grass alone. In cent faster, to weaning time, than did 
the Illinois tests the gain per acre on lambs on permanent pasture. The use of 
alfalfa-bromegrass over a 5-year period such clean temporary pasture is also im- 
was nearly twice as great as on brome- portant in helping to prevent trouble 
grass alone, Lorn internal parasites. 

Mixtures of alfalfa or clover with 1297. Pasture management for 

grass provide much safer pasture for sheep. — Instead of keeping the sheep on 
sheep than the legumes alone, because one large pasture for the entire season, it 
there is far less danger from bloat. Never- is much better to divide the area into 
theless, in pasturing such mixtures, the fields of such size that the sheep can be 
precautions emphasized before should .changed from one to another at frequent 
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intervals, after they have grazed an area 
thoroughly. This will reduce the trouble 
from internal parasites, and it will also 
utilize the pasture more fully, since ro- 
tational grazing tends to increase the 
yield of forage. (376) Rotational graz- 
ing is especially advantageous with such 
pasture combinations as alfalfa and 
bromegrass, or Ladino clover and grass. 

As sheep relish most weeds and 
browse eagerly on sprouts and brush re- 
fused by other stock, small farm flocks 


will help protect them from dogs. Shade 
should be provided in the pasture. If 
there are no trees, a cheap movable shade 
should be made. This should be placed 
on the poorer spots in the field, so the 
droppings of the sheep will enrich them. 

1298. Treatments for bloat.— If the 
bloating is not too severe, a drench of 
not to exceed a tablespoonful of formalin 
or of bicarbonate of soda in half a pint 
of warm water may be given to stop the 
gas production. 4 Sometimes a pint to a 



Mixed Legume and Grass Pastures Are Ideal for Sheep 

There is far less danger from bloat on mixed legume-and-grass pasture than on legumes 
alone. 


can glean much feed from such sources 
and at the same time help in cleaning up 
the farm, especially lanes and fence cor- 
ners. The wise flockmaster will always 
fully utilize all such feed, including 
stubble and stalk fields and the after- 
math on meadows, thus reducing the 
cost of feed. Sheep prefer reasonably 
short grass to rank growths, and will eat 
weeds much better while they are young. 

It is a good plan to have the pas- 
tures so located that the sheep can return 
to the barn for night shelter. It is then 
easier to inspect the sheep daily so that 
any trouble may be discovered, and it 


quart of warm milk is administered in- 
stead. Another treatment is to fasten a 
stick in the sheeps mouth, like a bit, by 
a cord tied back of the head. Chewing 
on the stick tends to cause belching, and 
enables the animal to get rid of the gas. 

Severe bloat can sometimes be re- 
lieved by forcing a piece of one-half inch 
or smaller hose down the animals gullet 
and into the rumen, to let the gas es- 
cape. As a last resort, a trocar or small 
knife should be used to tap the rumen. 

1299. The ewe flock. — Profits from 
sheep depend largely upon having a flock 
of ewes that are carefully selected and 
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S erly culled. The ewes should be 
:hy and vigorous, with deep, wide, 
roomy bodies, good teeth, sound udders, 
and high-quality, dense fleeces. They 
should be good milk producers and also 
be of good size for their breed, for un- 
der-sized ewes produce less wool and 
less weight of lambs per year. 5 However, 
they should not be too large or coarse, or 
their lambs may be too large to meet the 
market demands, before they are fat 
enough for slaughter. Per 100 lbs. of 
liveweight, small ewes may produce as 
much or more weight of lambs and wool 
as do larger ones, though their produc- 
tion per head is lower. 6 

Before the breeding season in the 
fall, the flock should be carefully culled, 
and all ewes discarded which are non- 
breeders or poor milkers, or which are 
otherwise unprofitable. These should be 
replaced by the most promising individ- 
uals raised in the flock. The ewes re- 
tained should not be selected by looks 
alone, for the thinnest ones may have 
been brought to this condition by a heavy 
milk flow. The only efficient method of 
selection is to keep a simple flock record, 
in which are recorded the ear-tag or 
ear-notch number of each ewe, the 
weight of fleece produced, the number 
of lambs raised, and the weight of the 
lambs at weaning time or when mar- 
keted. As a rule, good ewes should be 
retained as long as they are productive. 
In farm flocks most of the ewes are dis- 
posed of when 6 to 7 years of age. 

Although well-grown ewe lambs will 
usually come in heat at 6 to 9 months 
of age, most sheepmen prefer to post- 
pone breeding for a year, so that the 
ewes will have their first lambs when 
about 2 years old. Experiments have 
shown, however, that under favorable 
farm conditions a partial extra lamb crop 
can be secured by breeding ewe lambs 
of the earlier-maturing mutton breeds, 
if they are well grown and fed liberally. 7 
Only a 60 to 70 per cent lamb crop will 
usually be secured the first year from 
ewes bred as lambs, and their lambs will 
not be so thrifty or so large at weaning 
time as lambs from older ewes. 

Ewes bred as lambs generally reach 


the same size as those first bred as year- 
lings, but they are slower in maturing. 
In later gestations they produce as many 
and as large lambs as ewes first bred as 
yearlings. At 5 or 6 years of age the ewes 
bred as lambs will usually have raised 
an appreciably greater total weight of 
lambs. Breeding ewe lambs is not ad- 
visable in purebred flocks or under range 
conditions. 

1300. Date of lambing; gestation 
period. — To secure the best prices for 
farm-raised fat lambs, they should be 
ready for market either before or after 
the rush of grass-fat lambs from the 
western range states. If warm quarters 
and plenty of good legume hay and grain 
are available, early lambs, dropped be- 
fore April first and marketed not later 
than July, are usually most profitable, for 
they commonly sell at a higher price 
per hundredweight than later lambs. 
Such lambs are less troubled with inter- 
nal parasites, and another advantage is 
that the lambing season comes before 
the rush of spring work. 

Ewes which lamb early need plenty 
of good feed in winter and the lambs 
should be fed grain before pasture is 
available in the spring. The production 
of ‘spring lambs” and of “hot-house 
lambs” is discussed later in this chapter. 

Where grain and good hay are ex- 
pensive or if the shelter is not suitable for 
early lambs, it is best to have the lambs 
bom in April or May and to sell them in 
autumn after the rush of western lambs 
to market. 

The average length of the gestation 
period of ewes is 145 to 147 days, ac- 
cording to various authorities. 8 It is 
longer for Merino and Rambouillet ewes 
than for ewes of the mutton breeds, aver- 
aging about 152 days for the former 
breeds. For Southdowns and Shropshires, 
it is usually slightly shorter than for the 
larger mutton breeds. 

1301. Twin lambs. — Under favor- 
able conditions where good care can be 
given to the ewes and lambs, it is im- 
portant to secure a high lambing per- 
centage. To obtain this, a large propor- 
tion of the ewes must have twin lambs. 

Twin lambs will generally gain less 
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than singles while nursing, as they get It is a common belief among experi- 

less milk. However, they tend to make enced sheepmen that ewes which are 
up some of the difference later, if they “flushed” at breeding time, or fed so that 
have good pasture. they are gaining in weight, are more apt 

In Ohio studies, an average of 198 to produce twins and triplets than those 
lbs, in market weight of lambs was se- which are in poor flesh, and that they 
cured from ewes raising twin lambs, in also breed earlier and more nearly at 
comparison with 104 lbs. for ewes with the same time. In most, but not an, of 
singles. 9 This shows that twins are cer- the experiments to study the effect of 
tainly advantageous under favorable flushing ewes, the practice has proved 
farm conditions. decidedly beneficial. 11 

On the western ranges, where less Any advantage of flushing can un- 

attention can be given to the individual doubtedly be gained by furnishing the 



Twin Lambs Most Profitable under Favorable Conditions 

If the ewes and lambs are well fed, twin lambs will gain nearly as rapidly as single lambs. 


ewes, single lambs have usually been ewes with excellent pasture previous to 
preferred. However, experiments show and during the breeding season. If such 
that even under range conditions, twin pasture cannot be provided, it may be 
lambs are desirable if pasture and feed well to feed them a small amount of 
conditions are average or better, except grain at this time. Liberal feeding before 
for aged or for immature ewes. 10 A de- breeding time is especially needed if the 
cidedly larger average total weight of ewes have run down in flesh during sum- 
lambs was produced by ewes with twins, mer, as is common with ewes having 
than by ewes having single lambs. large milk flows, even though they have 

1302. Breeding time; flushing the had good pasture. If ewes have been fed 
ewes. — The natural breeding season for inadequately after their lambs were 
most breeds of sheep is during the late weaned, and have consequently run 
summer and autumn. Ewes will usually down in condition, many of them will 
begin to come in heat after the first cool fail to come in heat or they may fail to 
nights, and the periods of heat recur ap- conceive. 

proximately every 16 days, unless the Attempts to secure earlier lambs by 

ewes conceive. injecting hormones into ewes have usu- 
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ally not been successful. 12 Where such 
treatment has brought ewes into heat, 
in most cases they have not become 
pregnant when bred. 

In a Kentucky experiment ewes kept 
at a cool temperature in an air-condi- 
tioned room in summer, bred nearly 8 
weeks earlier than those not so housed. 13 
This indicates that where one wishes to 
produce early lambs, it may help to have 
plenty of shade in the pasture for the 
ewes in summer, and a cool, well-ven- 
tilated barn for night shelter. 

Whether the shorter days in the fall 
are of importance in bringing ewes into 
heat, seems to be an unsettled question. 
The results of experiments on length of 
day have differed. 14 

1303. The ram. — A well-built, vig- 
orous purebred ram of good breeding 
should be selected for the flock, and then 
be so fed and cared for that he will re- 
main potent. A vigorous ram will serve 
40 to 50 ewes a season, if allowed to run 
with them all the time during the breed- 
ing season, as is the common practice. 
Where “hand coupling” is practiced or if 
the ram is turned with the ewes only a 
short time daily, more ewes can be bred 
to one ram. A well-grown ram lamb may 
be bred to 12 or 15 ewes without reduc- 
ing his future usefulness, if he is properly 
fed and handled. 

During most of the year good rough- 
age alone should be sufficient to keep the 
ram in proper condition. Pasture should 
be provided in summer, if possible. In 
winter he should be fed legume or mixed 
hay, and perhaps silage in addition. Man- 
gels or sugar beets should not be fed, as 
they may tend to produce urinary calculi, 
or stones. (632) 

For a month before the breeding 
season, the ram should be given about a 
pound a day of the same sort of concen- 
trate mixture that is fed the ewes. It is 
also a good plan to continue the feeding 
of the concentrate allowance during the 
breeding season, if it can be done con- 
veniently. The ram should not be allowed 
to run down seriously at breeding time 
through insufficient feed or over use. On 
the other hand, he should never become 
fat. In purchasing a ram, one that has 


been highly fitted, or fattened, for shows 
should be avoided, for over-fitting may 
result in low fertility. 

It is a good plan to keep the ram 
away from the ewes, except during the 
breeding season, so that he cannot annoy 
them. However, he needs exercise to 
keep in vigorous condition. If a pasture 
paddock is not provided for him, it is 
better to let him run with the flock 
throughout the year than to confine him. 

The fertility of rams may be low- 
ered by very hot weather. 15 Where early 
lambs are desired, it may be desirable to 
keep rams as cool as possible by shearing 
them 3 or 4 weeks before the breeding 
season. 

1304. Feeding the ewes in the fall. 
— Plenty of good pasturage should be 
provided for the ewes in the fall. Where 
the weather is mild, considerable of their 
late fall and winter feed can come from 
winter rye or wheat pasture or from 
grass pasture which has been allowed to 
grow up in the fall. 

Ewes can often get much of their 
fall feed by cleaning up stalk and stub- 
ble fields, thus using feed that would 
otherwise be wasted. It is best to use 
such forage early, before fall rains and 
frost have lessened its value, and to leave 
other pasture for later grazing. If there 
is a shortage of pasture in the fall, care 
should be taken to supply sufficient hay 
or grain to keep the ewes thrifty. Rape 
furnishes excellent feed late in the fall. 

1305. Winter feed and care. — If 
the ewes go into the winter in thrifty 
condition and are then fed as much good 
legume or mixed legume-grass hay as 
they will eat, with or without silage or 
roots in addition, they will usually need 
no grain or other concentrates until 4 to 
6 weeks before lambing. Then not more 
than 0.50 to 0.75 lb. per head daily is 
commonly required, and the ewes should 
not be allowed to become really fat. An 
experienced shepherd knows that the 
only safe way to determine the condition 
of a sheep is by feeling of its back. If 
he finds that the ewes are not thriving, 
he will feed them more liberally. 

The ewes should be wintered so that 
they will gain 20 to 30 lbs. during preg- 
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nancy, and be in medium flesh and vig- 
orous condition at lambing time. Experi- 
ments have shown that insufficient feed 
or an unbalanced ration, especially dur- 
ing the latter part of pregnancy, often 
results in weak lambs and a scanty flow 
of milk. 16 Ewes that are seriously under- 
fed at this time may show but little 
mothering instinct when their lambs are 
born, and may have very little milk for 
them. 

On the other hand, it is not only un- 
necessarily expensive but also unwise to 
feed breeding ewes so liberally that they 
are really fat at lambing time. 17 They are 
then apt to have more difficulty in lamb- 
ing and may also produce weak lambs. 

Both ram lambs and ewe lambs in- 
tended for the breeding flock should be 
so fed the first winter that they will grow 
steadily, but they should never receive a 
fattening ration. 

For winter shelter, dry, well-ven- 
tilated quarters should be provided, with 
wide doorways and convenient feed 
racks. (1289, 1291) It is best to divide 
large flocks into groups of sheep of simi- 
lar size and condition, so that the amount 
of feed can be suited to the needs of each 
group. For example, yearling ewes will 
need a little more feed than mature 
ewes, as they are still growing. Exercise 
in winter is essential for breeding ewes, 
as has been emphasized previously. 
(1290) Salt and plenty of water should 
always be provided for the flock. 

1306. Rations for ewes. — As a 
guide in selecting satisfactory and eco- 
nomical balanced rations for breeding 
ewes, several example rations that are 
adapted to conditions in various sections 
are given in Appendix Table VII. These 
are balanced according to the Morrison 
feeding standards, and should produce 
satisfactory results. Ewes wintered in the 
open in the northern range states, with- 
out shelter, may require somewhat larger 
amounts of feed than stated, due to the 
exposure. 

The amounts of roughage stated in 
these rations are the amounts actually 
eaten, after deducting the wastage. 

1307. Hay, silage, and other rough- 
ages for ewes. — The importance of high- 


quality hay and other good roughage in 
wintering pregnant ewes has been em- 
phasized in the previous chapter. (1264) 
The lamb crop is apt to be very unsatis- 
factory if most of the roughage for the 
ewes is straw or low-grade hay. Detailed 
information is given in Part II concerning 
the value for sheep of the various kinds 
of hay and other roughages. 

If possible, the ewes should be fed 
a liberal amount of good legume hay or 
mixed hay high in legumes. Such hay is 
rich not only in protein, calcium, and 
vitamins, but it is also laxative. More- 
over, it is usually more economical to 
supply the necessary protein for the 
ewes by feeding legume hay than by 
purchasing considerable amounts of pro- 
tein supplements. 

For sheep, grass hay is best used 
along with some legume hay. In South 
Dakota experiments the results in win- 
tering ewes were as satisfactory with 
about 1 lb. of alfalfa hay per head daily 
plus what good bromegrass or wheat- 
grass hay they would eat, as on alfalfa 
hay as the only roughage. 18 The feed 
cost was less on the combinations. 

Late-cut grass hay is unsatisfactory 
for sheep, for it is not only unpalatable 
and low in nutrients, but also it may 
cause serious constipation. Early-cut and 
well-cured grass hay, though inferior to 
legume hay, may be used satisfactorily as 
the only roughage, when properly sup- 
plemented with protein and minerals. 
(566) Well-cured corn or sorghum fod- 
der, harvested while the leaves are still 
green, is preferable to late-cut grass hay. 
Straw alone or straw with corn silage or 
sorghum silage is unsatisfactory as the 
roughage for ewes. 

Corn silage, sorghum silage, or hay- 
crop silage is an excellent addition to a 
ration for wintering ewes. It aids in pre- 
venting constipation and in keeping the 
ewes thrifty, especially when little or no 
legume hay is available. Adding silage 
to an abundance of good alfalfa hay does 
not usually make much difference in the 
thrift of the ewes or the vigor of the 
lambs. The economy of using silage un- 
der such conditions will depend on the 
relative cost of silage and of alfalfa hay. 
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good corn silage being worth about one- 
half as much per ton as such hay. 
Though roots are excellent for ewes, si- 
lage is a much more economical feed 
under conditions in the United States. 

It is best to use corn or sorghum 
silage along with good legume or mixed 
hay, instead of feeding it as the only 
roughage. 19 A good plan is to feed at 
least 1 lb. of hay to each 2 to 3 lbs. of 
silage. However, corn silage has even 
been satisfactory as the only roughage 
for pregnant ewes, when a sufficient 
amount of protein supplement has been 
fed and also a calcium supplement. 20 

Hay-crop silage of good quality is 
also satisfactory as the only roughage for 
ewes. ( 440 ) Because of the lack of grain 
in such silage, it may be necessary to 
feed a little grain, in order to keep the 
ewes in the desired condition. However, 
no protein supplement is needed with 
hay-crop silage. 

In the southern states special winter 
pasture crops can furnish much of the 
feed for ewes and early lambs. In 3 Mis- 
sissippi trials the average net return per 
ewe was $11.20 for ewes wintered 
chiefly on temporary pastures, in com- 
parison with $6.12 for ewes in dry lot. 21 
In Missouri trials with ewes bred for 
early lambs and wintered on good pas- 
ture plus hay when the weather did not 
permit grazing, it did not pay to feed 
concentrates previous to lambing. 22 

1308. Concentrates for ewes. — Not 
only the amount but also the kind of 
concentrates required by breeding ewes 
will depend on the kind of roughage 
that is used. If a liberal amount of leg- 
ume hay is fed, the concentrates may be 
chiefly or entirely grains, such as oats, 
corn, barley, or the grain sorghums. 

Oats are highly esteemed as a feed 
for ewes and are often fed as the only 
concentrate with legume hay. Corn is 
considered too fattening by many shep- 
herds to be used as the chief concentrate. 
They prefer bulky mixtures containing 
considerable oats or wheat bran. How- 
ever, if plenty of protein is furnished by 
legume hay or other protein-rich feeds 
and the ewes are not over-fed on corn 
so that they become unduly fat, corn 


can be used satisfactorily as the chief 
or only grain. 23 Because corn is higher 
than oats in total digestible nutrients and 
net energy, less corn than oats is needed 
to keep the ewes in suitable condition. 

Barley, wheat, and the grain sor- 
ghums are all satisfactory for breeding 
ewes, when fed in suitable mixtures. 

Unless a liberal amount of legume 
hay is fed to the ewes, it will be neces- 
sary to include a sufficient amount of a 
protein supplement in the concentrate or 
grain mixture to balance the ration. 
Several concentrate mixtures that are 
suitable for feeding with various combi- 
nations of roughage are given in Ap- 
pendix Table VII. The values of the 
various protein supplements have been 
discussed in chapters of Part II. Wheat 
bran and linseed meal are probably most 
widely used for the breeding flock in 
the United States, but other supplements 
are satisfactoiy when they are more eco- 
nomical. If there has been trouble from 
the "‘stiff lamb disease” in the flock, it 
is important to include wheat bran or 
wheat germ meal in the concentrate 
mixture for the ewes and the lambs. 
(1315) 

Under usual conditions it is most 
economical to winter ewes on all the 
roughage they will eat, with only enough 
concentrates to keep them in proper con- 
dition. When hay is high in price in com- 
parison with grain, it may be economical 
to restrict somewhat the amount of hay 
fed to ewes, and to increase the allow- 
ance of grain or other concentrates in- 
stead. Judging from the results of 
Kentucky, Michigan, and Montana trials, 
100 lbs. of grain will replace 175 to 200 
lbs. of hay when thus fed. 24 

If ewes are fed good roughage, 
there is no advantage in adding a vita- 
min A or carotene supplement to the 
winter ration. 25 (1281) 

1309. Supplementing winter range. 
— Where ewes are wintered on mature 
and weathered range forage, experiments 
have shown that the feeding of a suit- 
able supplement will usually be profit- 
able. It will keep the ewes in thrifty con- 
dition, will bring a greater lamb crop, 
will increase the weights of the lambs at 
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birth and at weaning, and will produce 
more wool. The kind of supplement 
needed will depend on the actual defi- 
ciencies in the range forage. If it is low 
in phosphorus, a phosphorus supplement 
is essential. Commonly, such forage is 
very low in protein, and it may not sup- 
ply enough total digestible nutrients or 
net energy to keep the ewes from run- 
ning down in weight. 

In Montana experiments it was gen- 
erally profitable to feed ewes on winter 
range 0.3 lb. per head daily of pelleted 
supplements which supplied not only 
protein and energy, but also phosphorus 
and vitamin A. 26 Under their conditions, 
the results were about as good with low- 
protein pellets, consisting mostly of grain 
and molasses, as with high-protein pel- 
lets, and the low-protein pellets were 
cheaper. 

In Utah trials with ewes wintered 
on a saltbush range, the chief need in 
the supplement was for protein and for 
phosphorus. 27 Feeding 0.2 lb. per head 
daily of a 40 per cent protein supple- 
ment, either all winter or only the last 
half, was superior in a South Dakota 
trial to feeding 0.2 lb. of a 20 per cent 
protein supplement all winter. 28 

1310. Lambing time. — Proper at- 
tention to the flock at lambing time is 
essential, for heavy losses of lambs often 
occur when care is lacking. The shep- 
herd should therefore be close at hand 
to give assistance to any ewes or lambs 
that need it. In order to know when the 
ewes are due to lamb, in farm flocks it 
is wise to keep a breeding record, show- 
ing when each was bred. Just before 
lambing, little grain or other concen- 
trates should be fed, so as to reduce the 
danger of milk fever. Any tags of long 
and loose wool about the rear and udder 
3| , of each ewe should be removed at this 

' l-j J . time. 

1 1| | It is best to put each ewe in a 

; j j! | “claiming” or “lambing” pen immediately 

after lambing or shortly before. This 
should be kept bedded with clean straw. 
The ewe should remain here for 3 or 4 
days after lambing, until the mother and 
her offspring become thoroughly accus- 
tomed to each other and the lambs are 



strong enough to look out for themselves I 
among the flock. The lambing pens may ■; ; 
be made by setting up panels 4 feet 
long, hinged in pairs, along a warm 
side of the stable. In very cold weather 
burlap sacks hung on the panels will 
help keep new-born lambs warm. 

Simple triangular lamb brooders, 
set in a comer of the lambing pen and 
heated with a heat lamp, will prevent 
the new-born lambs from becoming 
chilled in very cold weather. 29 

During lambing the ewe should not 
be disturbed unless assistance is needed. 

When the ewes have been fed and man- 
aged properly during pregnancy, most 
of them will lamb with little or no help. 

Weak lambs sometimes need special at- 
tention to save them. A lamb that seems 
almost lifeless at birth may often be re- 
stored by quick attention. Any mucus 
should be cleaned from the nostrils and 
mouth. To start breathing, the lamb 
should be slapped on both sides of the 
body just back of the shoulders or 
rubbed briskly with a handful of straw 
or a burlap bag. Occasionally, it may be 
necessary to warm a chilled lamb. 

If a lamb is unable to nurse within 
a half-hour after birth, it should have pa- 
tient assistance. Soon after birth, the 
stump of the navel cord should be im- 
mersed in tincture of iodine to prevent 
infection with navel ill or other disease. 

A ewe that refuses her lamb will 
usually accept it if they are kept together 
in a lambing pen, and the lamb helped 
to suckle a few times. A stubborn ewe 
may be tied so that she cannot prevent 
the lamb nursing. In case a ewe loses her 
Iamb, she may often be induced to adopt 
one of a pair of twin lambs by first 
sprinkling some of her own milk over it. 

Still more effective is tying the skin 
from the dead lamb upon the back of 
the one to be adopted. 

1311. The percentage of increase; 
weights of lambs at birth. — The number 
of lambs raised per 100 ewes of breed- 
ing age, or the percentage of increase, 
will vary widely depending on the con- 
ditions under which the sheep are kept 
and also depending on the breed. Fine- 
wool sheep are less prolific than the mut- 
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ton breeds, and the percentage of in- 
crease can be much greater with farm 
flocks than under range conditions. 

In the western range states, the 
average number of lambs raised to mar- 
ket age for each 100 breeding ewes 
varies from less than 60 to 80 or over. 30 
In certain fine-wool flocks in Ohio, an 
average of 80 to 82 lambs were raised 
per 100 bred ewes. 31 

With ewes of the mutton breeds, 
kept under excellent conditions, the per- 
centage of increase can be much greater 
than this. For example, during 24 years 
at the Wisconsin Station the average 
number of live lambs born per 100 ewes 
of various mutton breeds was 161. 32 
Such a high percentage of increase can 
be secured only when the ewes are kept 
under excellent conditions. Also, to de- 
velop a flock that will have a high per- 
centage of increase, ewes must be bred 
and selected for ability to produce twin 
lambs. 

The percentage of increase of ewes 
tends to grow greater until they reach 
the fifth or sixth year. This is doubtless 
due somewhat to discarding the poorer 
breeders as 3-year-olds. The larger ewes 
of a given breed tend to have a greater 
percentage of increase and their lambs 
tend to be larger. 

Lambs that are large for the breed 
at birth are usually stronger than small 
lambs, the death loss is less, and the 
lambs tend to weigh more at weaning 
time. 33 

In Wisconsin studies the average birth 
weights of single lambs were as follows for 
the various breeds: Shropshire, 9.5 lbs.; 
Southdown, 9.2 lbs.; Hampshire, 10.6 lbs.; 
Cheviot, 9.5 lbs.; Dorset, 10.2 lbs.; and Ox- 
ford, 10.4 lbs. The average birth weights of 
the twin lambs were: Shropshire, 7.7 lbs.; 
Southdown, 7.7 lbs.; Hampshire, 8.2 lbs.; 
Cheviot, 7.7 lbs.; Dorset, 8.5 lbs.; and Ox- 
ford, 8.2 lbs, 32 The triplet lambs were some- 
what smaller than the twins. In California 
studies the average birth weight of Ram- 
bouillets was 9.9 lbs.; of Hampshires, 9.3 
lbs.; of Shropshires, 8.6 lbs.; of Southdowns, 
8.7 lbs.; and of Romneys, 9.0 lbs. 34 In the 
Wisconsin studies the ram lambs averaged 
0.5 lb. heavier at birth than the ewe 
lambs. 


1312. After lambing. — Soon after 
lambing, the ewe should be given water 
with the chill removed, but should not 
be allowed to drink too much at a time. 
To avoid udder trouble, only a little 
grain should be fed for the first 2 or 3 
days, although the ewe may have all the 
dry roughage she wishes. Close attention 
must be given for a few days to see that 
the lamb is taking milk from both sides 
of the udder. All surplus milk should be 
drawn, or better, a needy lamb helped 
to an extra meal. 

As soon as the lambs are able to 
take more milk, the ewes should be fed 
liberally enough to insure a good milk 
flow, for lambs make the most economi- 
cal gains when they are suckling. The 
ration should be fairly rich in protein, 
for the ewes are not only producing milk 
but are also growing wool, which is com- 
posed chiefly of protein. 

If there is not enough roughage of 
high quality for the entire winter, some 
of it should be saved for feeding after 
lambing. If possible, plenty of legume 
hay should be fed, and also silage or 
other succulent feed. If there is little or 
no legume hay, it will be necessary to 
include in the grain mixture more of 
such feeds as linseed meal, soybean oil 
meal, or wheat bran. 

Several concentrate or grain mix- 
tures are recommended in Appendix 
Table VII that are suitable for ewes 
nursing lambs. With good roughage, 1 
lb. or slightly more of grain mixture 
per head daily should be sufficient for 
the ewes at this time. As soon as good 
pasture is available for the ewes, they 
no longer need grain, hay, or other 
harvested roughage. 

All the lambs should be docked 
when 1 to 2 weeks old. The ram lambs 
not intended for breeding should also be 
castrated at this time, except perhaps 
when the lambs are to be marketed at 
not over 4 to 5 months of age on a mar- 
ket that does not discriminate against 
ram lambs of this age. 

Up to this age, ram lambs may 
make fully as rapid gains as wether 
lambs, and also there is little difference 
in the quality of carcass. 85 However, on 
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the large markets ram lambs often sell 
at a discount of $1.00 per hundred- 
weight, even when no older than this. 

When older than 4 or 5 months, 
ram lambs yield carcasses of distinctly 
lower value than wethers, as their car- 
casses are heavy in the fore quarters 
and contain a smaller proportion of valu- 
able cuts. In hot-house lamb production, 
the ram lambs are not commonly cas- 
trated. 

1313. Milking qualities of ewes. — 
In building up a profitable flock it is 
highly important to select ewes on the 
basis of their milk production and nurs- 
ing qualities, as well as on type and 
conformation. The rate of gain made by 
a lamb during the suckling period de- 
pends more largely on the amount of 
milk the dam produces than on any 
other factor. 

In recent Arkansas studies the total 
milk produced by Hampshire ewes in 
12 weeks ranged from an average of 95 
lbs. for the lowest yielders to 217 lbs. 
for the best producers. 30 The daily milk 
yield was highest the first 4 weeks, de- 
clined rapidly the next 4 weeks, and 
then fell more slowly. 

For each additional pound of milk 
yielded by the high producers, the aver- 
age daily gains of their lambs were 0.16 
lb. more a day than of the lambs of the 
poor milkers. The lambs getting the most 
milk gained 59 per cent more from birth 
to 12 weeks than the lambs of the low 
milk producers. In a New Hampshire 
study there was even a larger differ- 
ence. 37 

Ewe’s milk is usually much richer 
in fat and protein than is cow’s milk, hav- 
ing an average of 6.9 per cent fat and 
6.5 per cent protein. In studies at the 
Idaho, New Hampshire, and Wisconsin 
Stations, the daily yield of milk by ewes 
of various breeds ranged from less than 
2 lbs. to 7.5 lbs., and the fat content 
from 3.8 to 12.1 per cent. 38 There was 
a much greater range in fat percentage 
for the milk of ewes of the same breed 
than difference between the average com- 
position for the various breeds. 

In this country the milk of sheep is 
seldom used by man, but abroad, es- 


pecially in certain mountain regions of 
continental Europe, it is extensively em- 
ployed, both for direct consumption and 
for the manufacture of cheese. European 
milk sheep may yield 3 to 4 quarts of 
milk daily for 2 months after weaning 
their lambs. 

1314. Pregnancy disease.— Pregnancy 
disease, also known as ketosis or lambing pa- 
ralysis, is one of the most common causes of 
death of pregnant ewes in late winter and 
early spring, within a month of lambing. 39 
It is somewhat similar to ketosis in cows, ex- 
cept that it affects a ewe before parturition, 
instead of afterward. (1087) 

Pregnancy disease usually occurs only in 
ewes that are underfed during pregnancy, 
especially during the last month or two. 
The cause seems to be an insufficient supply 
of readily available carbohydrates, such as 
starch, to meet the need for energy in the 
rapid development of the unborn young. As 
a result there is a greater metabolism of fat 
in the body and an accumulation of certain 
normal products of fat metabolism, called 
ketone bodies, which are toxic when present 
in excess. 

The disease is most common when ewes 
are fed poor roughage and no grain before 
lambing. Fortunately, there is generally little 
trouble from pregnancy disease when ewes 
are well fed before lambing, as advised in 
this chapter. It is more apt to occur in ewes 
bearing twins or triplets than in ewes bearing 
a single lamb, and it is more frequent in ma- 
ture ewes than in two-year-olds. Close con- 
finement, lack of exercise, or undue exposure 
to snowstorms or cold weather may tend to 
produce the disease. It practically never oc- 
curs when ewes are on pasture. 

A ewe affected with the disease at first 
appears sluggish or sleepy. She is reluctant 
to rise and walks with an unsteady gait. 
Later, she becomes paralyzed and often lies 
with the head bent far backward. In an early 
stage of the disease, the ewe may be saved 
by hypodermic injections of a glucose solu- 
tion by a veterinarian, followed by careful 
drenching with a solution of glucose, cane 
sugar, or molasses twice a day or oftener. 
Where the trouble has appeared in a flock, 
it may help to add molasses to the concen- 
trate mixture fed all pregnant ewes. 

Sufficient data are not yet available to 
prove whether the trouble can be prevented 
or cured by adding sodium propionate to the 
ration. As has been shown in Chapter XXVI, 
this is generally effective in ketosis of dairy 
cows. (1087) In a Maryland test, though 
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cortisone injection usually cures ketosis in 
cows, it did not seem to cure pregnancy dis- 
ease in ewes. 40 

1315. Stiff-Iamb disease. — Stiff-lamb dis- 
ease, or white-muscle disease, is a strange 
disease of young suckling lambs, which usu- 
ally becomes apparent when the lambs are 
1 to 5 weeks old. The lambs that are affected 
become characteristically stiff. Some stiff 
lambs stagger around for several days and 
then gradually improve, but many become 



A Stiff Lamb 

Note characteristic gait. (From J. P. 
Willman, Cornell University.) 

so stiff that they are unable to walk or to 
nurse without assistance. Death is probably 
not due to the disease itself, but, owing to 
starvation, . the lambs become so thin and 
weak that they die or are killed by the owner. 
The disease is not common in most regions, 
and seems to occur more often in the north- 
eastern states than in other districts. 

Post-mortem examinations of stiff lambs 
shows that certain of the muscles have un- 
dergone degeneration, becoming whitish in 
color. Almost invariably, the disease affects 
the same muscles on the two sides of the 
body. The trouble is apparently due entirely 
to feed and not to any infection. 

In experiments during 13 years at the 
New York (Cornell) Station, stiff lambs 
were produced experimentally each year 
when ewes were wintered on a ration of cull 
beans, oats, barley, and alfalfa hay of good 
quality. 41 The disease still occurred when the 
ewes had abundant exercise and when they 
were fed so that they did not become unduly 
fat. 

In contrast to the results on this ration, 
not a single stiff lamb was produced by ewes 
which were fed a ration of wheat bran, oats, 
corn silage, and mixed clover-and-timothy 
hay. Farmers who had previously suffered 
severe losses from the disease reported much 


better results after changing to this ration 
or one which was similar. 

The trouble was greatly lessened when 
considerable wheat bran was added to a ra- 
tion that otherwise produced the disease, and 
it was prevented by the feeding of wheat 
germ meal to the ewes and lambs. Since 
wheat germ meal and wheat bran are rich 
in vitamin E, the effect of this vitamin was 
then tested. It was found that the disease 
can be prevented or cured by feeding rations 
containing liberal amounts of vitamin E or 
alpha-tocopherol ( 223 ) . 

Where there has been trouble from the 
disease, it is recommended that one-quarter 
to one-half pound per head daily of wheat 
germ meal be included in the concentrate 
mixture fed the ewes a few weeks before 
lambing, or that 50 per cent by weight of 
wheat bran be used in the mixture. In addi- 
tion, the lambs should be fed wheat germ 
meal or wheat bran in a creep. Concentrated 
forms of vitamin E have also been found 
effective in preventing or curing the disease. 

In some field trials vitamin E supple- 
ments have prevented the occurrence of stiff 
lambs, but not in certain others. 42 Other 
causes than a lack of the vitamin may there- 
fore be connected with the trouble. 

An entirely different type of stiffness in 
lambs is produced by a disease called arthri- 
tis. 

1316. Orphan lambs. — If possible, a fos- 
ter mother should be found for any orphan 
lamb. However, in case this cannot be done, 
the orphan can be successfully raised on 
cows milk, though close attention is neces- 
sary the first month. 43 For the first 3 or 4 
days the lamb should have some colostrum 
ewe's milk, if possible, by letting it nurse 
ewes whose lambs are not yet old enough 
to take all their milk. 

The cow’s milk should be whole, fresh, 
and warmed to approximately 100° F. It 
should be fed in a bottle with a suitable nip- 
ple that is carefully washed after each feed- 
ing. For the first day or two after birth, the 
lamb should be fed every 3 to 6 hours, only 
2 to 4 tablespoonfuls being given at a time. 
After the lamb is 2 to 3 weeks old, it is not 
necessary to feed it more than 3 or 4 times 
a day. The lamb should be given other feed 
in addition to milk when it is about 2 weeks 
old. A suitable mixture is the one suggested 
in the following article for creep-feeding. 
(1317) 

In some studies lambs that have re- 
ceived some colostrum have been raised 
successfully on a ‘synthetic milk,” or milk 
replacer. 44 (1142) 
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1317. Raising the lambs. — During 
the suckling period of 4 to 5 months, 
well-fed lambs will make about two- 
thirds of the growth and the gain in 
weight that they will make during the 
entire first year. 45 Furthermore, the most 
economical gains are made at this time. 
It is thus very important that lambs be 
well fed during this period. 



Obphan Lambs 

Care and patience are necessary to raise 
orphan lambs on a bottle. 

Until pasture is ready in the spring, 
early lambs should be fed both grain 
and hay in a “creep,” beginning when 
they are about £ weeks old. Indiana ex- 
periments show that lambs fed grain in 
a creep at this time make larger and 
cheaper gains, reach a better finish, and 
return a greater profit than those not 
thus fed. 46 It may not pay to creep-feed 
lambs that are born less than a month 
before they go to pasture, as they will 
not learn to eat much feed by that time. 

The creep is made by fencing off a 
comer of the barn with panels in which 
there are openings just wide enough so 
the lambs can pass through, while the 
ewes are kept back. Within the creep 
there should be a hay rack and a low, 
shallow grain trough with a board length- 
wise above the trough to prevent the 
lambs from jumping into it. In this trough 
a suitable concentrate mixture is fed, only 
a little being sprinkled at first. Legume 
hay of choice quality should also be sup- 


plied. Fresh feed should be put in once 
or twice a day, and the refuse can be 
fed to the ewes. 

An excellent mixture for creep-feed- 
ing lambs is corn, 20 or 30 lbs.; oats, 
20 or 30 lbs.; wheat bran, 10 lbs.; and 
linseed meal or soybean oil meal, 10 
lbs. After the lambs are 5 to 6 weeks 
old, there is no advantage in grinding 
most grains for them. (1286) 

If the lambs are all to be fattened 
for market, grain alone may be used for 
creep-feeding, because the milk will fur- 
nish ample protein. A mixture of half 
corn and half oats is often used. In 
Indiana and Kentucky tests cracked com 
produced as rapid or nearly as rapid 
gains, and also cheaper gains, than such 
a mixture as corn, oats, and linseed meal, 
or as more complex mixtures. 47 

Good pasture should be provided 
for ewes and lambs as early in the spring 
as possible. The change to pasture should 
be gradual, the flock being turned on 
pasture for only 2 to 4 hours at first. 
Letting them fill up on hay before being 
turned out to pasture the first time, helps 
prevent digestive disturbances. If there 
has been any trouble from the stiff-lamb 
disease, it is best to turn the lambs out 
only about 15 minutes at first. Shade 
and fresh water should always be pro- 
vided ewes and lambs on pasture. 

Ewes on good pasture need no grain 
or other harvested feeds. Also, with the 
possible exception of early lambs to be 
marketed as spring lambs at weaning, it 
does not generally pay to creep-feed 
lambs running with their dams on first- 
rate pasture. 48 On the other hand, if 
there is a shortage of pasture forage, the 
lambs should be supplied with grain or 
a suitable mixture in a creep. 

Com or a mixture of corn and oats 
is very satisfactory for creep-feeding to 
suckling lambs on pasture. In Kentucky 
trials cracked corn produced larger and 
more economical gains than a mixture of 
com, oats, and linseed meal or a mixture 
of corn and a special commercial milk 
substitute. 49 Many sheepmen, however, 
prefer such a mixture as the one sug- 
gested previously. 

During the summer a lamb on pas- 
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ture will consume nearly as much feed 
as a dry ewe, according to Nevada trials, 
and a ewe and her lamb will consume 
twice as much feed as a dry ewe. 50 

1318. Marketing lambs early; feed- 
ing after weaning. — Where farm lambs 
are raised under good conditions and 
with plenty of pasture, a large propor- 
tion of them should be fat enough for 
marketing when they reach weaning age. 
Especially in the case of early lambs, it 
is often most profitable to sell such lambs 
at this time. 51 Lambs thus marketed 
early, before the western range lambs 
reach the market, usually bring a con- 
siderably higher price per 100 lbs. than 
if marketed in late fall or in winter. 

Lambs that are to be retained in 
the flock and those which are not suffi- 
ciently fat for market should be weaned 
at 4 to 5 months of age. This should be 
done for their own good as well as to 
allow their dams a rest before another 
breeding period. If possible, advantage 
should be taken of a cool spell in sum- 
mer to wean the lambs, as they will 
then be more comfortable during this 
trying period. 

The lambs should be so far sepa- 
rated from their dams that neither can 
hear the bleating of the other. For a 
few days the ewes should be held on 
short pasture or kept on dry feed in the 
yard, so as to reduce their milk flow. 
The udders must be examined, and, if 
necessary, as is often the case with the 
best mothers, they should be milked out 
a few times, so inflammation will not 
result. 

It is especially important to pro- 
vide fresh pasture, free from parasites, 
for the lambs after weaning. Profitable 
gains cannot be expected if the lambs 
are taken from their mothers and left on 
a pasture infested with parasites and 
where the feed is scanty. 

Whether or not to feed grain to 
Iambs after weaning will depend on the 
relative prices of grain and pasture and 
on the premium paid for well-fattened 
lambs. Ohio experiments have shown 
that if really good pasture is provided, 
the feeding of grain to lambs after wean- 
ing is not necessary for the economical 


production of well-finished lambs. 52 If 
first class pasture is not available for the 
lambs after weaning, it may be best to 
take them off pasture and fatten them in 
dry lot on a suitable ration. 53 

Ewe lambs to be retained in the 
flock need no grain when grazing is 
good. Ram lambs require grain during 
the fall to secure proper development, 
whether they are to be sold as lambs or 
retained until yearlings. 

Ewe lambs being raised as flock re- 
placements can be wintered satisfactorily 
on only legume or mixed hay, with other 
good roughage as available, if the sup- 
ply is abundant and if they are well fed 
the second winter previous to lambing. 54 
With poorer roughage, they should re- 
ceive enough supplemental concentrates 
the first winter to keep them growing 
thriftily. 

Under range conditions it is impor- 
tant to supplement winter range when 
necessary for proper growth of the ewe 
lambs. 55 

1319. Spring lambs. — Early lambs 
marketed from April to July 1 or early 
July are called “spring lambs” on the 
market. Raising spring lambs is of much 
importance in the southern and south- 
western states and also in certain val- 
leys of the West. 56 In the warmer dis- 
tricts the ewes can be maintained chiefly 
on pasture throughout the year, greatly 
reducing the cost of feed. Also, no ex- 
pensive shelter is required. 

Unless the ewes and lambs have 
excellent pasture, the lambs should be 
fed grain or a suitable concentrate mix- 
ture in a creep, so they will be ready for 
market when prices are best. The lambs 
should be well finished at 3 to 5 months 
of age, weighing 55 to 70 lbs. 

Some farmers, especially in certain 
western districts, follow the plan of buy- 
ing in the fall ewes which have been dis- 
carded from range flocks on account of 
age or poor teeth, and breeding them 
for the production of one crop of spring 
lambs. Such ewes must be fed good ra- 
tions, including plenty of grain both be- 
fore and after lambing, so they will be 
fat enough to sell well when their lambs 
are marketed, or a little later. 
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1320. Hot-house or winter lambs. — 
In certain sections of the eastern states 
there is a profitable market for “hot- 
house” or winter lambs. The term “hot- 
house” lambs does not mean that they 
are raised in artificially warmed quarters, 
but is used because they are produced 
at an unusual season and are therefore 
comparable to the out-of-season products 
of hot-houses. The market for hot-house 
lambs is confined mostly to the large 
eastern cities, where they are consumed 
chiefly in high-class hotels, restaurants, 
and clubs. This specialty in sheep pro- 
duction should be undertaken only by 
experts who have nearby markets that 
will pay the high prices such products 
must command. 57 

The demand for hot-house lambs 
comes from December, or even earlier, 
up to Easter, the prices usually being 
best early in this season. Hot-house lambs 
must be fat, for the condition of the 
carcass is more important than its size. 
Lambs that are not well finished or that 
have poor conformation bring unsatis- 
factory prices. The lambs must therefore 
be forced ahead rapidly by feeding them 
a suitable concentrate mixture in a creep. 
Thus fed, they should be fat at 40 to 
60 lbs. live weight. The lambs are 
dressed on the farm, according to the 
demands of the market to which they are 
to be shipped. 

For the production of hot-house 
lambs, the ewes must be bred in the 
spring, instead of at the usual season in 
the fall. The ewes best suited for this 
purpose are purebreds, grades, or cross- 
bred s of the Dorset, Merino, or Ram- 
bouillet breeds, for the other breeds will 
not usually breed at the right season. 
Crossbred Dorset-Merino ewes are ex- 
cellent, when bred to a good mutton 
ram. 

The ewes should have abundant 
pasture during the summer and fall, so 
they will be in condition to provide a 
good milk flow. After lambing, the ewes 
should be fed liberally on a good con- 
centrate mixture and legume hay, with 
silage in addition, if available. As has 
been pointed out, the lambs should re- 
ceive additional feed in a creep, so they 
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will be ready for market as soon as 
possible. 

1321. Cost of keeping ewes; net 
returns. — The cost of maintaining ewes 
will vary widely in different parts of the 
country. The expense will be reduced 
considerably when the flock can get an 
important part of the fall and winter 
feed by grazing on stalk and stubble 
fields, thus utilizing feed that might 
otherwise be wasted. 

Where no such grazing is available, 
it will require 400 to 600 lbs. or more 
of hay or other dry roughages (after 
deducting the amount wasted) to carry 
a breeding ewe of average size, weigh- 
ing 100 to 150 lbs., through the winter 
period of 5 to 6 months. Also, for the 
best results about 20 lbs, of concentrates 
per ewe should be fed prior to lambing 
and perhaps additional concentrates for 
flushing the ewes at the breeding season. 
In the case of ewes lambing early, addi- 
tional concentrates will be needed for 
the ewes and lambs before the pasture 
season. 

In addition to the cost of winter feed 
and of pasture, in estimating the total 
cost of keeping ewes there must be in- 
cluded the man and the truck or horse 
labor, the interest, depreciation, and mor- 
tality risk on the ewes, the housing 
charge, and any miscellaneous expenses. 
On the credit side are the wool and 
lambs produced and the value of the 
manure. 

The excellent net returns that can 
be secured from a well-fed and properly 
managed flock of ewes are shown by 
the record of a flock of 42 to 88 western 
ewes over a period of 7 years, 1946 to 
1952, at the Spooner Branch Station in 
Wisconsin. 58 This station is located on 
very sandy land, but has been brought 
to good fertility by fertilization and care- 
ful management. The ewes were bred to 
purebred mutton rams. 

Over the 7 years, the average per- 
centage of lambs raised was 151 per 
cent, and the average weight of fleeces 
from the ewes was 9.7 lbs. The average 
net labor return per ewe was $22.89, 
after deducting all expenses for feed,* 
veterinary services and medicine, shear- 
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I %. ing, ram cost, death losses, and market- 
i f ; i ing wool and lambs. 

^ j f . In a 10-year study on farms in south- 

j. eastern Minnesota, it was found that 

■ average amounts of feed consumed an- 
nually per head of mature sheep, in 
addition to pasture, were 60 lbs. con- 
centrates, 144 lbs. tame hay, 87 lbs. wild 
i hay and com fodder, and 130 lbs. si- 

lage. 59 In these flocks, which contained 
an average of 36 head of mature sheep 
j equivalent, the percentage lamb crop 

was 96 per cent; the average wool yield, 
i 7.0 lbs.; and the annual death loss 9 

j per cent. The total value of lambs and 

| wool was a little more than twice as 

| great as the total feed cost. 

The average amounts of feed re- 
quired yearly per head in 103 flocks in 
western New York, containing an aver- 
age of 58 sheep, were 46 lbs. of concen- 
trates, 486 lbs. of hay, and 190 lbs. of 
other roughage, including silage, fodder, 
and stover. 60 On the average, 7.8 lbs. 
of wool were sold per head, 97 lambs 
were raised per 100 ewes, and 6.1 hours 
of man labor were required a year per 
sheep. The cost of feed, including pas- 
ture, was 58 per cent of the total gross 
cost, before allowing a credit for the 
value of the manure. 

In Pennsylvania tests purebred 
Shropshire ewes averaging 172 lbs. in 
weight required an average of 2.5 lbs. 
legume hay, 3.1 lbs. corn silage, and 0.2 
lb. concentrates per head daily in win- 
ter. 01 An average of 85 lbs. of bedding 
was needed per ewe during the winter 
and 735 lbs. of manure were produced 
per ewe. The ewes sheared an average 
of 7.66 lbs. and the average weight of 
the lambs at weaning was 59 lbs. De- 
laine-Merino ewes required somewhat 
j less feed because of their smaller size 

and sheared 11.1 lbs. Their lambs aver- 
aged 53 lbs. at weaning. 

| 1322. Factors affecting the net in- 

come from sheep. — The various cost- 
accounting studies that have been made 
of sheep and wool production show 
clearly that some of the most important 
factors affecting the net income are the 
following; (1) A flock of sufficient size 
j to make possible the efficient use of la- 
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bor, buildings, equipment, and ram. (2) 
A flock that has been selected to produce 
a high yield of wool per ewe and a high 
percentage of lambs as well. (3) Proper 
feed and care of the ewes, so that they 
will produce vigorous lambs and furnish 
plenty of milk for them. (4) Plenty of 
good pasture, preferably rotated so as 
to aid in the control of parasites. (5) 
Thorough control of stomach worms and 
other internal parasites, and also control 
of ticks and lice. 

1323. Internal parasites. — In all 
humid regions stomach worms and other 
internal parasites may seriously reduce 
the income from sheep unless damage 
from these parasites is prevented. Severe 
infection with internal parasites retards 
growth, prevents fattening, reduces the 
wool yield, lowers the resistance to other 
diseases, and may cause heavy death 
loss. Lambs are usually affected more 
seriously than older sheep. 

The eggs of the stomach worms pass 
out in the droppings of the sheep and 
are scattered about the pasture, where 
they soon hatch and develop to the 
larval stage. Sheep become infected only 
by swallowing the worms at this stage. 

Fields on which no sheep or goats 
have grazed for a year, and those that 
have been plowed and cultivated since 
they were grazed, are practically free 
from infestation. Where the winters are 
cold, the parasites on a pasture will be 
largely killed during the winter, if there 
are no sheep on it. Also, keeping sheep 
off a field for 3 months in summer will 
greatly reduce the infestation with para- 
sites. During warm weather, clean pas- 
tures may become infested in 10 to 20 
days of grazing. 

To prevent serious trouble from in- 
ternal parasites, medicinal treatment 
should be combined with proper feeding 
and good pasture management. Thrifty, 
well-fed sheep are much better able to 
resist parasites than those that are run- 
down. If the flock could be moved to 
fresh uncontaminated pasture every 2 to 
3 weeks during the grazing season, there 
would generally be little trouble from 
internal parasites. However, this is not 
practicable on most farms. It is therefore 
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necessary to rely largely on medicinal 
treatment for parasite control. 

The best methods for preventing 
trouble from internal parasites will de- 
pend on the climatic conditions in any 
region. Specific advice should therefore 
be secured from a local veterinarian who 
has had experience with sheep diseases, 
or from the state agricultural college or 
county agricultural agent. 

The use of phenothiazine is largely 
displacing the older vermifuges for the 
control of internal parasites in sheep, 
because it is effective against more kinds 
of parasites than any other vermifuge. In 
some humid regions the following is an 
effective plan of control: Drench the 
sheep with phenothiazine in late fall or 
early winter, after they come to the barn. 
Drench them again with phenothiazine 
before they go to pasture in the spring. 
Ewes should not be drenched within 2 
months of lambing. During the grazing 
season give the sheep access to a mix- 
ture of 1 lb. of phenothiazine and 9 
lbs. of coarse salt, and provide no other 
salt. 

When this system is combined with 
good pasture management and with as 
much rotation of grazing as is practic- 
able, it may provide good control with- 
out other treatment. Often, however, it 
is necessary to drench the sheep at 
monthly intervals during the grazing 
season with the combined copper sulfate- 
nicotine sulfate solution. This eradicates 
certain worms, especially tapeworms, 
which are not controlled by phenothia- 
zine. Feed and water should be with- 
held for 10 to 15 hours before sheep are 
drenched with this solution, and for 4 
to 6 hours afterwards. Withholding feed 
and water is not necessary when sheep 
are drenched with phenothiazine. 

1324. External parasites. — To erad- 
icate ticks or lice, both mature sheep and 
lambs should be dipped with a suitable 
preparation in the spring as soon as the 
cuts have healed on the sheep that have 
been shorn. If badly infested, the sheep 
should be dipped a second time to kill 
any parasites that were in the egg state 
before. A second treatment is not needed 
if a dip is used which leaves an effective 


residue in the fleece for a sufficiently 
long time. A second dipping should be J 
24 to 28 days later for ticks and 14 to 
16 days later for lice. The sheep should 
be dipped on a clear, warm morning, 
so that they will dry during the day. In 
fall the flock should be dipped again, if 
necessary. 

Power dusters have recently been 
developed for applying a suitable insecti- 
cide in dust form to eradicate ticks and 
lice. This method is especially advan- ; 
tageous in cold weather when dipping 
is injurious. 

In case of sheep scab, prompt and 
thorough dipping with an effective prepa- » 
ration is necessary. P" 

1325. Range sheep production. — 

The great numbers of sheep in our west- 
ern states are mostly kept under range 
conditions. 62 The ranges grazed by sheep 
are usually the rougher areas of the 
plains, foothills, and mountains. 

The high mountain ranges furnish 
excellent grazing for sheep during the 
summer months, for there is usually an 
abundance of water and good pasturage, 
and the days are cool. The plains and 
the semi-desert ranges, which are too 
hot and dry in summer, furnish winter 
range, and during the spring and fall the 
foothills are used to good advantage. 
Sheep do well on sagebrush and salt- 
sage browse, neither of which is palat- 
able to cattle, and cattle can browse on 
the higher growing species which sheep 
cannot reach. For grazing throughout the 
year, 4 to 20 acres of range are com- 
monly needed for a mature sheep. 

The unit, or band, of range sheep 
may vary considerably in size, but it 
usually contains 2,000 to 2,500 sheep. 

From lambing time to weaning, 1,000 to 
1,500 ewes and their lambs are usually 
kept in one band, and after the lambs 
are weaned, two bands of ewes may be 
combined for the breeding and winter 
period. During lambing, a smaller num- 
ber of ewes is run together. 

Most of the western sheep pro- 
ducers use the same general method in 
handling their sheep. A band is put in 
charge of one herder, who, with his dogs, 
stays with the sheep, day and night, 
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throughout the season. The herder is 
quartered in a covered wagon, equipped 
for his needs, except when he is near 
headquarters or in summer when the 
sheep are on a high mountain range 
where the wagon cannot follow. A tent 
is then used for shelter. 

A camp tender, with a wagon or 
pack animals, supplies the herder with 
food and moves his camp, as the sheep 
need new grazing ground. One camp 
tender may take care of two or more 
herders, and in large enterprises a range 
foreman is usually in charge of several 
bands. Additional help is needed during 
.lambing and shearing. In Texas, a com- 
mon method is to keep the range sheep 
in fenced pastures, where they can graze 
undisturbed. Under this system one man 
can care for a larger number of sheep, 
and the sheep can make better utiliza- 
tion of the feed than on an unfenced 
range. 

On the ranges the sheep receive no 
feed except the pasturage during the 
growing season, and often a range at low 
altitude furnishes most of the winter 
feed, especially in the southern districts. 
Usually, however, it is necessary to make 
provision for additional feed during win- 
ter, such as alfalfa and other hay, or 
cottonseed cake or meal. The feeding of 
supplements to ewes wintered on the 
range has been discussed previously in 
this chapter. (1309) 

Where early lambs are produced, as 
in certain valleys of California, Oregon, 
and Arizona, the ewes lamb in sheds 
from late January to early March. The 
lambs are raised on the valley and foot- 
hill ranges and are marketed as fat 
“spring lambs” in spring or early in sum- 
mer, before the low-lying ranges dry up. 
In this system aged ewes are frequently 
used, which would not thrive under the 
usual range system. 

The more general range practice is 
to have the ewes drop their lambs on the 
range, usually in May. After the ewes 
are sheared, the bands are gradually 
moved to the high mountain ranges 
where they graze during the summer. 
The wether lambs and also the ewe 
lambs which are not needed for replace- 


ments in the ewe flocks are marketed 
in the fall, generally in September and 
October. A large proportion of the lambs 
may be fat enough for immediate slaugh- 
ter, if the summer forage has been abun- 
dant. The rest are fattened for market 
by men who make this a speciality. 

II. Fattening Lambs and 
Sheep 

1326. Fattening feeder Iambs. — 
Considerable numbers of the lambs 
raised on the western ranges are not fat 
enough for slaughter at the time they 
are marketed. They are therefore sold as 
feeders and then fattened in districts 
where grain and other concentrates are 
cheaper than in the range area. Also, 
many farm-raised lambs are not fat 
enough for sale at the end of the pas- 
ture season. These are fattened during 
late fall and winter. 

The juiciness and flavor of lamb 
meat are greatly improved by proper fat- 
tening. Texas experiments indicate, how- 
ever, that the tenderness of lamb is not 
increased by fattening. 63 

At one time most of the western 
lambs were fattened by large operators 
who each fed thousands of lambs a year. 
Now, most of the lambs are fattened by 
farmers, who finish one or more carloads. 
They raise most of their own feed and 
usually consider that enough fertility is 
returned to their land through the feed 
lot to pay the labor cost of feeding. 

Just as is the case in fattening feeder 
steers, good judgment in purchasing the 
feeder animals and in selling them at the 
right time are exceedingly important in 
determining whether there will be a 
profit or a loss in the feeding operations. 
The cost of the feeder lambs forms more 
than half the cost of the fattened ani- 
mals. Also, the cost per 100 lbs. of the 
gains made in the feed lot is usually 
greater than the selling price per 100 
lbs. of the lambs when fat. Therefore, to 
make a profit the fat lambs must sell at 
a higher price per hundredweight than 
their cost as feeders. In other words, a 
margin is required between the initial 
cost and the selling price. (1188) 

Sometimes lambs are fattened under 
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a “contract” system. The farmer-feeder 
does not buy the lambs, but furnishes 
the feeds and fattens the lambs under a 
definite contract with the producer. 
Often a specified price per pound is paid 
for the gains made. 

In fattening lambs it must be borne 
in mind at all times that the object is to 
convert a thin animal into a finished 
product — a lamb fat enough to meet the 
market demands. Each year many farm- 
ers lose money because they dump half- 
fattened lambs on the market, where 
they again are sold as feeders, to be 
finished for the market by someone else, 
who is better acquainted with the market 
demands. 

Usually men who feed lambs only 
occasionally make less of a financial suc- 
cess of the undertaking than those who 
feed each year. The latter may lose 
money in the unprofitable years, but this 
will be offset by good returns the rest of 
the time. Just as important, they gain ex- 
perience in this business, where good 
judgment is of great value. 

1327. Types of lamb fattening. — 
Large numbers of lambs are fattened in 
the vicinity of the western beet-sugar 
factories, where the beet by-products — 
beet pulp, beet tops, and molasses — are 
fed, along with alfalfa hay and usually 
some grain in addition. In these districts 
and in general west of the Missouri River, 
most of the lambs are fed in open yards, 
with no shelter except a wind break. 
(1289) 

The hay is usually fed in lanes 
which extend between 2 rows of feed 
lots, each of which accommodates 400 to 
500 lambs. The low fences bordering the 
lanes have a 7- or 8-inch space between 
the first and second boards, through 
which the lambs feed on the hay. The 
hay from stacks is hauled down the lanes 
and piled along the fences, being pushed 
up to them 2 or 3 times a day as it is 
eaten away. Sometimes racks are used 
for the hay, or chopped hay is fed in self- 
feeders. The grain is fed in flat-bottomed 
troughs. 

In the com belt many farmers fat- 
ten western lambs in late fall and winter 
on harvested feeds, sheltering them in a 


barn or an open shed, with or without 
an exercise lot. Usually, all or nearly all 
the feed is raised on the farm, with the 
exception of protein supplements. Fat- 
tening lambs chiefly on pasture in the 
fall, and fattening them in com fields are 
other methods used. (1336, 700) Often 
lambs are grazed on stubble fields or on 
aftermath in meadows and then finished 
in a dry lot. In the southern plains states, 
lambs are often fattened chiefly by graz- 
ing them on fields of winter wheat. Many 
lambs are also fattened largely on pea- 
vine silage in the vicinities of pea can- 
neries, especially in Wisconsin. 

In Michigan and eastward, the 
lambs are generally not turned out from 
the barn or shed for exercise. Commonly, 
the lambs are brought to full feed as 
quickly as possible and then are given 
all the grain they will clean up. Often 
they are self-fed, as is discussed later. 
(1335) 

Several large feeding yards are lo- 
cated near some of the large markets, 
on the main railroads from the West. 
Here, Iambs which have been fattened 
in the western states are often fed and 
rested for a few days, so they will reach 
the market in good condition and with- 
out heavy shrinkage. Also, lambs may 
be carried through the entire fattening 
period at such yards. 

Some men usually fatten two lots of 
lambs each season, marketing the first in 
early winter and the second late in the 
spring. Should the weather grow warm 
before the lambs are finished, they are 
often shorn so they will make better 
gains. (1293) 

Others, who market their lambs in 
the spring, when prices are usually 
higher than in the winter, use a deferred 
system of fattening. They buy small 
lambs in the fall, when it is easier to get 
thrifty feeders than it is in winter. Then 
they feed them on only hay or other 
roughage until 60 to 80 days before the 
time they are to be marketed, when 
grain feeding is started and the lambs 
are finished on a liberal feed of grain. 
During the preliminary period on rough- 
age alone, the lambs make very little 
gain, but the total cost of fattening will 
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usually be less than if a half allowance 
of grain is fed during the entire time. 64 

This method utilizes a large propor- 
tion of roughage and requires a mini- 
mum amount of concentrates. 65 Unless 
grain is high in price in comparison with 
roughage, the cost of the gains is apt to 
be greater in the deferred system of fat- 
tening than when grain is fed from the 
beginning of the fattening period. 

1328. Selecting feeder lambs. — The 
most desirable feeder lambs are thrifty, 
broad, compact, and relatively low-set, 
and have smooth skin free from wrinkles 
when fattened. Such lambs yield the best 
carcasses and thus bring the highest 
price per hundredweight. Feeder lambs 
of this type naturally cost more per 100 
lbs. than those of lower grades, and 
therefore do not always yield the great- 
est net return from fattening. 

Thrifty lambs that lack some of the 
desirable qualities may make nearly as 
rapid and economical gains as do feeder 
lambs of the best grade, but generally 
sell at a lower price when fattened. 
Good judgment is consequently needed 
in deciding what grade or type of lambs 
to purchase. 

Most of the feeder lambs from the 
northern range states weigh 75 to 85 
lbs. when loaded in the West. On re- 
ceipt at eastern feed lots, the lambs usu- 
ally weigh 65 to 75 lbs. The lambs from 
the southwestern ranges are usually 
somewhat lighter. 

During a fattening period of 80 to 
120 days lambs should gain 25 to 30 lbs. 
per head, which brings them to the size 
desired by the market. The demand is 
generally best for well-fattened lambs 
weighing 95 to 100 lbs., and fat lambs 
heavier than 105 to 110 lbs. often sell 
at a discount. 

Light-weight lambs commonly re- 
quire a longer fattening period than do 
heavier lambs to reach the same degree 
of fatness, but there may be little dif- 
ference in the amounts of feed required 
per 100 lbs. gain. 66 

Some men specialize in fattening 
light-weight lambs, or “peewees,” sorted 
out from the shipments of feeder lambs 
from the ranges. These can usually be 


bought at a considerably lower price 
than the larger ones. Though some of 
these 41 peewees” are apt to be unthrifty, 
most of them are merely younger than 
the rest or are small because their 
mothers were poor milkers. 

If they are thrifty, such lambs, usu- 
ally weighing 50 lbs. or less, will make 
nearly as rapid gains as larger ones and 
their gains will generally be cheaper, be- 
cause of their younger age. 67 Naturally, 
such lambs require a longer feeding pe- 
riod to reach a certain market weight 
or degree of fatness, and good shelter 
and more care are necessary in feeding 
them. Also, they should be fed apart 
from larger and stronger lambs. 

Feeder lambs produced in the 
humid districts are more apt to be in- 
fected with stomach worms and other 
parasites than are western feeder lambs, 
especially those from the northern ranges, 
and therefore often make less rapid and 
more expensive gains. However, if the 
lambs are thrifty and are thoroughly 
drenched before being placed on feed, 
they may make as good gains as western 
lambs. 68 The purchase and fattening of 
cull native lambs should be undertaken 
only by an expert, as the undertaking 
may be hazardous because of heavy 
death losses. 

There is not enough difference in 
the gains made by ewe lambs and by 
wether lambs in the feed lot, or in the 
market value when fat, to cause any de- 
cided preference among experienced 
men. However, wether lambs usually 
make slightly more rapid gains than do 
ewe lambs. 69 

Fine-wool lambs are apt to make 
less rapid and less economical gains than 
do lambs having considerable mutton 
blood. Smooth-bodied Rambouillet lambs 
generally make larger gains than wrinkly, 
fine boned lambs of fine-wool breeding, 
and yield much better carcasses. 70 

1329. Gains made by fattening 
lambs; feed per 100 lbs. gain. — The 
amounts of feed consumed per head 
daily by fattening lambs and the feed re- 
quirements per 100 lbs. gain are shown 
by the following summary, compiled by 
the author, of the results of many experi- 
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ments in which a ration of corn grain and 
alfalfa or clover hay has been fed. This 
ration is excellent and may be taken as a 
standard with which other rations are 
compared. 

There are given first in the table the 
average results from experiments in 
which 44 lots, including a total of 1,171 
lambs, were fed for periods averaging 
80 days on a liberal allowance of shelled 
corn (1.1 lbs. a head daily or more, on 
the average) with alfalfa or clover hay 
for roughage. The results are also pre- 
sented for 43 experiments in which a 
total of 2,300 lambs were fed for an 
average of 97 days on a limited allow- 
ance of shelled corn (an average of less 
than 1.1 lbs. a head daily) and all the 
alfalfa or clover hay they would eat. 


and their weights in the feed lot at the 
end of the experiment. Under commer- 
cial conditions, the amount of gain is usu- 
ally considered to be the difference 
between the initial purchase weight, be- 
fore shrinkage in shipment to the farm, 
and the final shrunk weight at the mar- 
ket. 

1330. Results in commercial lamb 
fattening. — The results secured by farm- 
ers in the commercial fattening of lambs 
are shown by studies during 5 years, 
1931-35, on Michigan farms where a 
total of about 130,500 lambs, chiefly 
western, were fattened. 71 On the aver- 
age, 796 lambs were fattened each year , 
per farm. The lambs averaged 63 lbs. in 
weight at the start and were fed for an 
average of 110 days. During this period, 


Fattening lambs on an excellent ration 


Feed for 100 


Average ration 

Initial 

weight 

Lbs. 

Daily 

gain 

Lbs. 

lbs. gain 
Com Hay 

Lbs. ■ Lbs. 

Com allowance liberal 





Shelled corn, 1.3 lbs. 

Alfalfa or clover hay, 1.4 lbs 

63 

0.34 

387 

418 

Corn allowance limited 





Shelled corn, 0.9 lb. 

Alfalfa or clover hay, 2.3 lbs 

62 

0.31 

305 

727 


The lambs fed the liberal allowance 
of com ate 1.3 lbs. corn and 1.4 lbs. al- 
falfa hay and gained 0.34 lb. per head 
daily. For each 100 lbs. gain in weight 
they consumed 387 lbs. corn and 418 lbs. 
hay. The lambs fed the limited allow- 
ance of corn, with all the legume hay 
they would eat, gained only a little less 
rapidly (0.31 lb. per head daily), be- 
cause of the good quality of the hay fed 
in the experiments. For each 100 lbs. of 
gain these lambs required 305 lbs. corn 
and 727 lbs. hay. 

It should be borne in mind that in 
these experiments thrifty lambs were fed 
on feeds of good quality by experts. Also, 
the gain reported in feeding experiments 
differs from that secured in commercial 
feeding operations. In a feeding experi- 
ment the gain is the difference between 
the initial weights of the lambs in the 
feed lot when the experiment is started 


the average gain per lamb, or the dif- 
ference between the purchase weight at 
the market and the sale weight at the 
market plus the weight of wool shorn 
from some of the lambs, was 26 lbs., or 
0.24 lb. per head daily. In similar Colo- 
rado studies of lamb-feeding results over 
a 22-year period, the average daily gain 
was 0.19 lb. for an average feeding pe- 
riod of 145 days. 72 

On the Michigan farms 620 lbs. of 
grain and other concentrates and 550 
lbs. of hay and other roughage were re- 
quired per 100 lbs. of net gain in weight, 
based on market weights and deducting 
the initial weights of the lambs that died. 
The lambs were fed an average of 1.3 
lbs. grain and other concentrates and 1.1 
lbs. hay and other roughage per head 
daily. The total average amounts of feed 
used per finished lamb were: corn, 62 
lbs.; oats, 14 lbs.; grain screenings and 
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salvage grains, 35 lbs.; other concen- 
trates, 30 lbs.; hay, 88 lbs.; and other 
roughage, 37 lbs. 

The cost of feed and labor amounted 
to 95 per cent of the net on-the-farm ex- 
penses, after credit was allowed for the 
value of the manure. 

1331. Rations for fattening lambs. 
— To secure rapid and economical gains, 
lambs must be fed a well-balanced ration 
with a liberal amount of grain or other 
concentrates, and also plenty of good 
roughage. Many different rations are sat- 
isfactory. Several example rations, which 
are adapted to conditions in various re- 
gions, are given in Appendix Table VII. 

As has already been emphasized, a 
ration of corn or other grain and plenty 
of good alfalfa or other legume hay is ex- 
cellent for fattening lambs. ( 1329 ) Infor- 
mation is given in Chapters XX and 
XXI concerning the relative values of the 
different grains for lamb feeding, and in 
Chapter XVI concerning the values of 
the various kinds of legume hay. Other 
carbohydrate-rich feeds, such as dried 
beet pulp, wet beet pulp, cane or beet 
molasses, and hominy feed, can be used 
to replace all or part of the grain for 
fattening lambs. These and other feeds 
are discussed in the respective chapters 
of Part II. 

It has been shown in the preced- 
ing chapter that if an abundance of good 
legume hay is fed with corn grain, it is 
doubtful if it will ordinarily pay to add 
a protein supplement to the ration. 
(1270) When barley, oats, or wheat is 
fed instead of corn, there is still less ben- 
efit from adding a protein supplement. 

Corn silage or sorghum silage is ex- 
cellent as part of the roughage for fat- 
tening lambs and has a high value per 
ton when thus fed. Because such silage 
is much lower than legume hay in pro- 
tein, it usually pays well to add a pro- 
tein supplement to a ration of grain, such 
silage, and legume hay. ( 1271 ) 

Corn silage or sorghum silage can 
even be used as the only roughage for 
fattening lambs, if care is taken to feed 
the proper amount of protein supple- 
ment and also of ground limestone or 
some other calcium supplement. (1278) 


The gains are generally more rapid, how- 
ever, when hay is fed in addition to si- 
lage. Also, the silage has a higher value 
per ton when thus used than when it is 
fed as the only roughage. 

In 3 New York experiments lambs 
fattened on a ration of shelled corn, pro- 
tein supplement, alfalfa hay, and corn 
silage gained 0.40 lb. per head daily. 73 
Others fed corn silage as the only rough- 
age with shelled corn, protein supple- 
ment, and ground limestone, gained 0.36 
lb. daily. In these experiments corn si- 



Stover Not a Good Roughage 


Corn stover is too low in nutrients to be 
a satisfactory roughage for fattening lambs. 

lage was worth 56 per cent as much per 
ton as alfalfa hay when fed in combina- 
tion with hay, but only 37 per cent as 
much as alfalfa hay when used as the 
only roughage. 

When lambs are fed both corn or 
sorghum silage and legume hay, they are 
generally allowed to eat as much of each 
as they will clean up satisfactorily. How- 
ever, the advantage from feeding legume 
hay in addition to the silage can be 
gained when only a small amount of 
legume hay is fed. 

In New York experiments lambs 
made slightly more rapid gains when fed 
only one-quarter pound of alfalfa hay, 
with silage and corn grain full-fed and 
with sufficient protein supplement to 
balance the ration, than did others fed 
more hay. 74 Of course, more protein sup- 
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plement was needed to balance the ra- creases should be made cautiously, and 
| f ; tion that had the very small amount of only if all the lambs are cleaning up their 

alfalfa hay. feed regularly. Example rations for fat- 

Mixed hay of good quality and con- tening lambs when on full feed are given 
taining a considerable proportion of leg- in Appendix Table VIL 
umes is a satisfactory substitute for leg- In no case should the getting of the 

ume hay in feeding fattening lambs. For lambs on feed be hurried, for this is apt 
lambs, grass hay should be early cut and to cause serious digestive trouble. It is 
well cured. Otherwise, it is much in- wise to start the lambs on a mixture con- 
ferior to legume hay. Information is given sisting chiefly of a bulky feed, like oats 
in the respective chapters of Part II con- or wheat bran. The proportion of corn 
cerning various kinds of grass hay and or other heavy feed is then gradually in- 
also other roughages that can be used creased. When the lambs are on full 
for fattening lambs, including corn fod- feed, corn is very often fed as the only 
der, sorghum fodder, bean pods or bean concentrate, with a small amount of pro- 
straw, sugar beet tops, and cottonseed tein supplement, if this is needed to 
hulls. balance the ration. On warm days in 

1332. Getting the lambs on feed.— winter it is often necessary to reduce the 
Lambs that are not used to grain or si- g ra * n allowance slightly, or the lambs 
lage must be accustomed to these feeds ma y §° °E feed. 

gradually, or scouring and other diges- Sheep feeders do not begin opera- 

tive troubles will result, and perhaps dons at an early hour in winter, prefer- 
even heavy death losses. When feeder ring not t0 disturb the animals until 
lambs are received on the farm, they after daybreak. The lambs are usually 
should be given only a feed of hay for fed twice a day, grain being given first, 
their first meal, and this should be pref- followed by silage, if this is used, with 
erably mixed hay or grass hay, as pure the bay bist. Fattening lambs may gain 
legume hay may be too laxative for this a trifle faster when fed grain more often 
first feed. It is risky to turn onto abun- than twice a day, but it is doubtful 
dant pasture hungry feeder lambs that whether this is worth the additional 
have just arrived, as this may cause bloat- labor. 75 

ing or scours. Plenty of salt and fresh water should 

After the lambs have rested from always be provided. The troughs in 
shipment, they may be fed as much hay which grain is fed should be kept clean, 
or other dry roughage as they will clean an d there should be ample space, so that 
up, but only a small amount of grain ea °b lamb can get its share of grain. If 
(not over 0.1 to 0.2 lb. per head daily) an y evidence of lice, ticks, or scab is 
should be fed at first and only a little found, the lambs should be dipped thor- 
silage. The grain should be sprinkled ou gbly before they are put on feed, 
along the trough, so no lamb can get too When necessary, they should be 
much. The allowance of grain should be drenched to eradicate stomach worms, 
increased gradually, until in 4 to 5 weeks but this is not usually needed in the case 
the lambs are receiving 1.0 to 1.25 lbs. western range lambs, 
of grain per head daily. During this time Regularity and quiet are of espe- 

no more grain should be fed than will cial importance to secure good results in 
be cleaned up in about 15 minutes. If fattening lambs. 

silage is fed, the amount should also be 1333. Amounts and proportions of 

increased gradually, until the lambs are concentrates and roughage.— Experi- 

getting all the silage they will eat twice ments have shown clearly that under 

a da t*£ r conditions throughout the corn belt and 

. 1S desire d t0 fatten the lambs the eastern states, it is usually most profit- 

as rapidly as possible by feeding them able to give fattening lambs a liberal al- 

all the gram they will eat, further in- lowance of grain after they have been 
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brought onto feed, except when it is de- 
shed to fatten them slowly for a later 
* market. 76 If lambs are fed about as much 
grain as they will clean up twice a day, 
in addition to what good hay or other 
roughage they will eat, they will make 
rapid gains at a reasonable cost, reach a 
good market finish, and sell at a higher 
price than if less thoroughly* fattened. 

It is very important to feed fatten- 
ing lambs plenty of good roughage. 77 
Experiments have shown that if the ra- 
tion, on the air-dry basis, has more than 
about 50 per cent of corn or other heavy 
grain, the danger of death losses from 
overeating disease is increased. Also, 
even when this does not occur, the feed 
cost per 100 lbs. gain is apt to be higher, 
when too large a proportion of grain is 
fed. 

Kansas experiments have shown 
that lambs utilize the nutrients in their 
feed more efficiently when there is a 
proper balance between concentrates and 
roughage. 7S 

If one wishes to fatten heavy lambs as 
rapidly as possible, so that they get fat be- 
fore they get too heavy, it may be de- 
sirable to increase gradually the propor- 
tion of corn or similar grain in a self-fed 
mixture up to 60 per cent. 79 The rest of 
the mixture should be good-quality 
ground legume hay, with protein sup- 
plement as needed. When such a mix- 
ture is fed, it is advisable that the lambs 
be vaccinated against overeating disease, 
as stated in the next article. 

In the West, where hay is usually 
cheap in comparison with grain, the al- 
lowance of grain is often restricted some- 
what. However, if the lambs are to be 
sold on a market that pays a satisfactory 
premium for well-fattened animals, it 
will generally pay to feed 1.0 lb. or more 
of grain per head daily. 80 Lambs will not 
reach a satisfactory degree of fatness un- 
less fed at least about 0.75 lb. of grain 
or other concentrates per head daily, 
after they have been brought on feed. On 
hay alone or even on hay and good corn 
silage, they will usually gain only 0.03 to 
0.17 lb. per head daily and will grow 
rather than fatten. 81 


If it is desired to limit severely the 
amount of grain fed fattening lambs, it 
is best during the first half of the fatten- 
ing period to feed them only hay or hay 
and silage, or else only a very small 
amount of grain, and then to finish them 
on a full feed of grain. This produces 
more rapid and cheaper gains than feed- 
ing half the usual amount of grain 
throughout the fattening period. 82 

1334. Death losses; enterotoxemia, 
or overeating disease. — Some death losses 
are unavoidable in the commercial fat- 
tening of lambs. However, the mortality 
should not exceed 3 to 4 per cent when 
healthy lambs are fed by experienced 
men. Much higher losses often occur if 
the lambs are not thrifty or if they are 
fed carelessly. 

Enterotoxemia, or so-called “over- 
eating disease,” is generally the cause of 
most of the death losses in fattening 
lambs. This usually occurs only in lambs 
which have been on full feed for some 
time and which are being crowded on a 
heavy allowance of grain, so they will 
make rapid gains. The lambs affected are 
almost always the largest, fattest, most 
vigorous and greediest in the lot. 

Sometimes the disease causes very 
sudden death, the lamb throwing back 
its head, staggering, falling to the 
ground, and dying in convulsions, as 
though from an apoplectic stroke. More 
commonly, the lambs live a few hours, 
showing typical brain symptoms, such as 
the head being thrown back or the 
lamb running in a circle or pushing 
against a fence. In many instances, lambs 
which have appeared thrifty the pre- 
vious day are merely found dead in the 
morning. In only a few cases do the 
lambs recover. 

Studies have shown that the dis- 
ease is caused by a severe digestive dis- 
turbance in which bacteria called Clos- 
tridium perfringens produce toxins, or 
poisonous substances. 83 These dangerous 
toxins are absorbed from the digestive 
tract. 

When deaths from the disease are 
occurring in a lot of fattening lambs, they 
can be stopped practically overnight by 
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withholding the grain. However, it is 
generally necessary to feed grain rather 
liberally to fattening lambs, or they will 
grow too large before they get fat enough 
to meet market demands. 

To reduce the losses as much as pos- 
sible when lambs are fattened rapidly, 
the following precautions must be ob- 
served. The utmost care must be taken 
to get the lambs on feed without produc- 
ing digestive disturbances. All possible 
measures should be taken to prevent 
gorging. The grain must be distributed 
in the troughs so no lamb can get more 
than its share. 

If lambs are self-fed, the grain 
should be mixed with sufficient bulky 
feed, preferably ground or chopped hay, 
to prevent digestive trouble. Even when 
lambs are hand-fed, it is wise to mix the 
grain with ground or chopped hay if they 
are being crowded on all the grain they 
will eat. When lambs are fed a mixture of 
grain and hay, it is best to let them also 
have as much long hay or silage as they 
care for. 

Where a considerable number of 
lambs are being fattened, it is a good 
plan to sort out the fattest lambs as 
soon as they are well finished, and mar- 
ket them. If this is done, the amount of 
grain must be reduced and it must be 
remembered that the lambs which were 
ready first were the heartiest eaters. 

Vaccination of feeder lambs with a 
bacterin largely prevents enterotoxemia 
during fattening. An anti-toxin, which is 
also made commercially, is also used on 
animals already affected with the dis- 
ease. 

Adding to the ration either flowers 
of sulfur or sodium bicarbonate (baking 
soda) has been recommended as a pre- 
ventive of enterotoxemia. 84 However, 
often neither of these additions is effec- 
tive in preventing the disease. In some 
tests an antibiotic supplement has re- 
duced the occurrence of enterotoxemia. 
( 1283 ) 

1335 . Self-feeding. — Often the men 
who fatten large numbers of western 
lambs use self-feeders to save labor. 
Self -feeding usually produces more rapid 
gains than hand-feeding, but it fre- 


quently results in greater death losses 
from overeating disease. Self-fed lambs 
generally require more grain and less hay 
per 100 lbs. gain than hand-fed lambs, 
and hence utilize less farm-grown rough- 
age. 

The safest method of self-feeding 
lambs is to feed, throughout the fatten- 
ing period, a mixture of grain and some 
very bulky feed, especially ground or 
chopped alfalfa hay, or other good hay. 
It is best to grind the grain, so that it 
can be mixed more uniformly with the 
other feed, and so that it will not sepa- 
rate out of the mixture. 

When the lambs are first started on 
grain, such a mixture as only 100 lbs. of 
grain with 300 lbs. of ground hay may be 
fed. The proportion of grain is then grad- 
ually increased until after 3 or 4 weeks a 
mixture of equal weights of grain and 
hay may be fed. Feeding a larger pro- 
portion of corn or other heavy grain is 
not desirable, for it may not increase the 
gains and it increases the danger of 
overeating disease. 85 

The self-feeders must be given 
proper attention, so they do not become 
clogged. When a suitable mixture is self- 
fed and the lambs have feed available at 
all times, so they do not get very hun- 
gry and then eat too much, the death 
losses may be no greater than in skillful 
hand-feeding. 

The results from self-feeding a mix- 
ture of grain and ground or chopped hay 
are shown by 12 experiments in which 
a mixture of corn and alfalfa hay was self 
fed in comparison with hand-feeding 
corn and alfalfa hay separately. 86 The 
self -fed lambs ate an average of 1.4 lbs. 
corn and 1.5 lbs. hay and gained 0.37 lb. 
per head daily. The hand-fed lambs ate 
1.2 lbs. corn and 1.5 lbs. hay and gained 
0.34 lb. on the average. For each 100 
lbs. gain the self-fed lambs required 372 
lbs. corn and 406 lbs. hay, while the 
hand-fed lambs required 353 lbs. com 
and 456 lbs. hay. In these experiments 
the feed cost of 100 lbs. gain at usual 
feed prices was fully as cheap for the 
self-fed lambs. Often, however, the gains 
are somewhat more expensive when 
lambs are self-fed. 87 
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The use of chaffy grain screenings 
in place of ground or chopped hay in self- 
feeding lambs is advisable only if such 
low-grade material can be secured very 
cheaply. In New York tests such screen- 
ings were not worth their cost. 88 In Mich- 
igan trials oat hulls were worth about 
one-half as much as ground alfalfa hay, 
when used as the bulky feed for self- 
feeding lambs. 89 In Wyoming experi- 
ments, mixing dried beet pulp with the 


fed for several weeks on corn or other 
heavy feeds alone, with hay fed sepa- 
rately. 

Lambs cannot be trusted to balance 
their ration if they are self-fed separately 
corn or other grain and a protein supple- 
ment like linseed meal or cottonseed 
meal. Sometimes they will eat about the 
proper amount of the supplement, but 
at other times they will take much more 
than is needed. 93 The supplement should 



Band of Western Lambs Fattening in the Corn Belt 


Many corn belt fanners make a practice of fattening one or more carloads of western 
lambs in the fall on aftermath, Stubblefields, or standing corn. 


grain did not prevent death losses as well 
as did the use of ground alfalfa hay in 
the mixture. 90 

The danger from self-feeding is 
greatest when a heavy concentrate, like 
corn or barley, is fed alone in a self- 
feeder. Even when the lambs are brought 
on feed by careful hand-feeding and 
only then turned to self-feeders filled 
with such grain, heavy losses may oc- 
cur. 91 There is less danger when the 
lambs, after being brought on feed by 
hand-feeding, are first self-fed such a 
bulky mixture as 3 parts oats and 1 part 
corn, and then are gradually changed to 
corn alone or com and supplement, 02 
However, sometimes heavy death losses 
occur even after lambs have been self- 


therefore be mixed with the grain in the 
proper proportion. 

1336. Fattening lambs on pasture in 
the fall. — Fattening lambs chiefly on pas- 
ture in the fall and then finishing them 
in dry lot, is a common practice with 
farmers who raise their own lambs and 
with many who buy western feeder 
lambs. Until cold weather sets in, the 
lambs may be grazed on stubble fields, 
aftermath in meadows, or rape or other 
pasture, with or without grain in addi- 
tion. Rape is often seeded in small grain 
to increase the fall feed for lambs, the 
seeding not taking place until the small 
grain is well above ground, lest the rape 
grow so large as to reduce the yield of 
the grain crops. 
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Thrifty lambs placed on feed in the 
fall should be ready for sale in December 
or early in January. There is then usually 
a scarcity of good lambs on the market, 
since the grass-fat lambs have been mar- 
keted and those in winter feed lots are 
not yet finished. 

Many lambs are fattened during the 
fall and winter on winter wheat 94 pas- 
ture in Kansas, Oklahoma, and other 
states. (583) Lambs will reach a good 
market finish on wheat pasture alone, if 
there is plenty of forage and the weather 
is suitable. There should always be a re- 
serve supply of harvested feed on hand 
to carry the lambs over periods of bad 
weather, or for use if the wheat pasture 
becomes scanty before the lambs are fat. 

In order to avoid digestive disturb- 
ances, one should be sure that the lambs 
are well filled with dry roughage before 
they are first turned on wheat pasture. 
Also, it may be a good plan to let them 
have access to some dry feed, such as 
sorghum stover, straw, or sorghum stub- 
ble, while they are on the wheat field. 
This reduces digestive trouble and helps 
prevent wheat poisoning. (179) 

In the South fattening lambs make 
excellent gains on such winter pasture 
as ryegrass, rye, or oats, without grain 
feeding. 95 In the Imperial Valley of Cali- 
fornia lambs reached satisfactory finish, 
without grain feeding, on alfalfa pasture 
in which barley had been seeded in the 
fall to furnish additional winter feed. 96 
Because of dog danger, the lambs were 
kept in a dog-proof corral at night and 
fed alfalfa hay. 

Fattening lambs on standing corn 
has been discussed in a previous chapter. 
(700) 

1337. Shrinkage in shipment; dress- 
ing percentage. — Fat lambs usually 
shrink 4 to 7 per cent in weight when 
shipped less than 150 miles to market. 
If they are shipped greater distances, 
the shrinkage may be as high as 8 to 10 
per cent or more. 

There is generally no need to make 
any decided change in the ration fed 
fattening lambs before shipment. It may 
be advisable to reduce the amount of 
grain somewhat the day before shipment, 


but the lambs may be allowed the usual 
amount of roughage. Oats are an excel- 
lent feed for sheep in transit, as they are 
bulky and not laxative. When sheep are 
marketed off pasture, especially rape 
pasture, shrinkage from scouring may be 
avoided by giving them hay or other dry 
feed for a day or two before shipment. 

Based on market weights, fat lambs 
usually yield 47 to 51 per cent of dressed 
carcass. Exceedingly fat lambs or sheep 
may dress 60 per cent or even more, but 
such fat carcasses are very wasteful. 

III. — Milk Goats; Angora 
Goats 

1338. Milk goats. — Milk goats are 
of considerable importance in continen- 
tal Europe, many families, especially of 
the poorer classes, relying on goats for 
their daily supply of milk. Much goats’ 
milk is also used in Europe for the man- 
ufacture of certain types of cheese. 
Though milk goats have never become 
important in the United States, there are 
limited numbers in many states, the 
greatest number being in California. 
They are especially well suited for fur- 
nishing the milk supply for families liv- 
ing in small towns and the suburbs of 
large cities, or on fruit and truck farms 
where there is not enough feed available 
for a cow. A milk doe can often secure 
much of her feed from garden and 
kitchen waste or lawn clippings, or by 
grazing in such areas as vacant lots and 
rocky hillsides. 

The milk of most breeds of milk 
goats averages 4.0 per cent or more in 
fat. 97 The fat globules are much smaller 
in size than those of cows’ milk, and 
goats’ milk forms a fine, soft curd during 
digestion. Goats’ milk is white in color, 
as it has practically no carotene. Goats’ 
milk produced under sanitary conditions, 
and if the buck is kept separate from the 
does, will not usually have an unpleasant 
“goat” flavor and odor, though the flavor 
is somewhat different than that of cows’ 
milk. 98 One should always be sure that 
the goats are free from brucellosis, which 
causes undulant fever, or Malta fever, in 
humans. 

Good pure-bred or high-grade does 
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yield 1,000 to 2,000 lbs. dr more of milk 
a year. In Illinois tests one doe produced 
3,045 lbs. of milk and 94 lbs. of fat in a 
year." At peak of production one doe 
^yielded 19.7 lbs. a day, and another 16.5 
lbs. In a California study in a high-pro- 
ducing herd, the average yield was 7.5 
lbs. of 4 per cent fat-corrected milk. 100 
(999) 

It is difficult to secure a uniform 
supply of milk throughout the year, as 
•most milk goats freshen in spring and 
their lactation periods are somewhat 
shorter than those of cows. 

Good milk goats require about the 
same amounts of feed as good cows per 
100 lbs. of milk produced. 101 However, 
the cost of producing goats' milk on a 
commercial basis is higher than for cows' 
milk, chiefly because of the much greater 
amount of labor required per quart of 
milk. 

In general, the same feeds and the 
same care and management that are suc- 
cessful with dairy cows and sheep are 
suitable for milk goats. From 6 to 8 goats 
can be kept on the feed required by a 
cow. A suitable ration is 1 to 2 lbs. of 
good concentrate mixture, with 3 lbs. hay 
or with 2 lbs. alfalfa or clover hay and 
1.5 lbs. silage or roots. On pasture, 1 to 
1.5 lbs. concentrates daily are usually 
needed by high producers. The concen- 
trate mixture should be similar to those 
used for dairy cows. 

When does are fed good alfalfa hay 
as the only roughage, merely a mixture 
of grain or grain and molasses produces 
about as good results as a more complex 
concentrate mixture. 100 

1339. Angora goats. — The raising 
of Angora goats for their mohair is im- 
portant in certain southwestern range dis- 
tricts, especially in Texas. For the 5-year 
period, 1950-1954, an average of 2,414,- 
000 Angora goats were sheared a year in 
the 7 principal producing states, the 
average clip of mohair being 5.3 lbs. 102 

The meat from the surplus goats is 
sold under the name of “chevon" and is 
appetizing if from a well-fattened young 
goat. In a Texas experiment Angora 
wethers a year old or older made con- 
siderably smaller daily gains than Ram- 


bouillet lambs during fattening. 103 The 
Angoras also required much more feed 
per 100 lbs. gain. 

In the western states the goats are 
usually kept under range conditions, 
often grazing on rough land and utilizing 
browse that even sheep would refuse. 104 
In cut-over districts, Angora goats are 
occasionally used for clearing land of 
brush, but the area must be heavily 
stocked and closely grazed to subdue the 
brush. 

QUESTIONS 

1. State 4 essentials of successful flock man- 

agement. 

2. What kinds of pasture are most com- 

monly used for sheep in your region? 

3. On what basis would you cull a flock of 

ewes? 

4. Discuss the breeding of ewe lambs. 

5. What factors determine the best date for 

lambing? 

6. Under what conditions are twin lambs 

desirable? 

7. Discuss the flushing of ewes. 

8. State the most important points in feed- 

ing and caring for the ram. 

9. How should ewes be fed in the fall? 

10. Discuss the feeding of pregnant ewes in 

winter. 

11. Describe the care of ewes at lambing 

time. 

12. State the most important points concern- 

ing the feed and care of ewes after 
lambing. 

13. State the important points concerning 

the feeding and care of young Iambs. 

14. How much milk a day do ewes of the 

common breeds yield? 

15. When is it advisable to creep-feed 

lambs? 

16. What are the best times to market farm- 

raised lambs in your region? 

17. What are spring lambs and where are 

they chiefly produced? 

18. Approximately how much hay and con- 

centrates does it require to carry a 
breeding ewe through the winter? 

19. State 5 important factors affecting the 

net income from sheep. 

20. Describe a method by which stomach 

worms and other internal parasites can 
be controlled. 

21. How are sheep handled on the western 

ranges? 

22. Describe any methods of fattening west- 

ern lambs that are used in your dis- 
trict. 


Ml. 
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23. What kind of feeder lambs would you 

purchase to fatten for the market? 

24. In commercial lamb fattening, how much 

gain is secured per head daily, and 
how much concentrates and roughage 
are required per 100 lbs. gain? 

25. State a good ration for fattening lambs, 

adapted to your local conditions. 

26. How should fattening lambs be started 

on feed? 

27. Discuss the proportions of concentrates 

and roughage for fattening lambs. 

28. How may losses from overeating disease 

be avoided? 

29. Discuss the advantages and disadvan- 

tages of self-feeding fattening lambs. 

30. If lambs are fattened on pasture in the 

fall in your region, describe the meth- 
ods used. 

31. What is the usual percentage of shrink- 

age of fat lambs on shipment to mar- 
ket? What is the usual dressing per- 
centage? 

32. State the most important facts concern- 

ing tlie feeding of milk goats. 

33. In what districts of this country are An- 

gora goats important? 
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I. Factors Influencing the 
Work Done 

1340. Importance of economical 
feeding and care. — Although tractors 
and trucks have largely replaced horses 
and mules in the United States, in some 
countries they are still very important. 
In this country there is much interest in 
saddle horses and other light horses. 

The discussions in this volume con- 
cerning the nutrient requirements and 
the feeding and care of horses deal, of 
necessity, chiefly with work horses. This 
is because nearly all of the scientific ex- 
periments with horses have been with 
draft horses, rather than with light 
horses. 

However, the same general princi- 
ples apply to light horses as to horses 
used for draft. The special points in the 
feeding and care of light horses are 
treated in the following chapter. (1376- 
1377) 

The importance of efficient feeding 
of horses and mules is shown by the fact 
that it is often possible to save 10 to 20 
per cent of the usual feed cost, with no 
injury and in some cases even a benefit 
to the animals. Also, the animals must 
have proper feed and care if they are to 
remain useful over a period of many 
years. 

Before studying the methods of 
feeding and caring for horses and mules, 
we will briefly consider the various fac- 
tors which influence the amount of work 
they can perform. Most of the following 
discussions refer particularly to horses, 
since nearly all of the scientific trials 
have been conducted with them. The 
same feeds may be used for mules, how- 
ever, and the same principles of feeding 
and care apply to them. (1358) 


ment, and their endurance. At steady 
and continuous work for 10 hours a day, 
the pull (or draft) for a horse should 
not be more than one-eighth to one-tenth 
its weight. For example, a 1,600-lb. horse 
should not be required to exert an aver- 
age pull of more than 160 to 200 lbs. 

For a brief interval a well-trained 
horse can do 10 times the normal rate of 
work, and can exert a pull nearly as great 
as his weight. A few can momentarily 
exert a pull even greater than their 
weight. The horse greatly excels all types 
of engines and motors in this capacity for 
overload. 

This reserve power of a good team 
is of great importance in their ordinary 
work. For example, it may require more 
than 10 times as great a pull to start a 
loaded wagon as it will take to haul it 
after it is once in motion. Also, this re- 
serve power is essential in drawing loads 
over uneven roads and up steep grades, 
or under other conditions where great 
effort is needed for short periods. 

This great reserve power of horses 
is probably due to the fact that they are 
able to store much greater amounts of 
glycogen in their muscles and other tis- 
sues than other farm animals. 1 This large 
store of glycogen serves as an immedi- 
ately available source of energy for mus- 
cular work. Horses also have a much 
higher rate of metabolism per unit of 
weight when idle than other farm ani- 
mals, and about double that of man. This 
high rate of metabolism helps explain the 
capacity of the horse for work. 

In measuring the rate at which 
horses perform work, the unit called the 
horse power is used. This is the perform- 
ance of 33,000 foot-pounds of work per 
minute. (One foot-pound is the amount 
of work done in lifting one pound one 


1341. Work done by horses. — The foot against the force of gravity.) A 
work which horses can do depends on horse weighing 1,500 to 1,600 lbs. is able 
their weight, their muscular develop- to work steadily at the rate of approxi- 
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mately one horse power. 2 An ox can draw 
about as heavy a load as can a horse of 
the same weight, but ordinarily at only 
two-thirds the speed. The work a man 
can do is usually from one-tenth to one- 
sixth of a horse power, but for a minute 
or two he can exert a full horse power 
or even more. 

The great power that can be exerted 
by horses is shown by a championship 
record made by a 4,450 lb. team in a 
horse-pulling contest. In such contests 
specially constructed dynamometers are 
used, in which the power to pull the 
dynamometer can be adjusted at various 
amounts. This team pulled the dynamome- 
ter the full distance required when set 
at a pull of 3,900 lbs. This pull was 
equivalent to starting a load of more 
than 25 tons for 20 consecutive times 
on a good pavement. 

1342. Factors affecting the work 
performed. — Weight is the most impor- 
tant single factor that determines the 
amount a draft horse can pull. However, 
as the weight of draft horses increases, 
the pull they can exert per 100 lbs. live 
weight decreases somewhat. 3 

To perform work most efficiently, 
horses should have energetic but calm 
dispositions, and they must be well 
trained and driven skillfully and steadily. 
A nervous, excitable driver cannot get 
the utmost from his team. Among horses 
of the same weight, those with the 
greater heart girth and compact, mus- 
cular build are able to exert a greater 
pull. Horses must also be in proper flesh 
to do their best. 

A horse cannot do the maximum 
amount of work unless the harness fits 
properly. It is especially important to 
have the collar fit well, in order to avoid 
sore shoulders. Also, when horses must 
be worked hard during rainy weather, 
the harness should have hame housing 
to keep the collar and shoulders dry. 
When properly shod, horses are able to 
pull more than when unshod. 

The kind of roadbed is important in 
determining how heavy a load a horse 
can draw. While only 25 to 50 lbs. of 
draft are required after the load is started 
to haul a load of a ton (including weight 



of wagon) on a level pavement made of ^ 
concrete or brick, the draft on a common l 
earth road is 75 to 225 lbs. or more pef ’ 
ton. 4 

Many years ago extensive respira- ^ 
tion experiments were conducted by 
European scientists to determine the nu- 
trients required by horses for various 
types of work, and the effect of speed 
and other factors. 5 Later, similar studies \ 
were carried on by Brody at the Missouri { 
Station 6 and Ritzman at the New Hamp-/ 
shire Station. 7 These investigations 
showed that horses perform work most 
efficiently when walking at a speed of - 
2 to 2.5 miles per hour. At a trot, nearly 
twice as much energy is required per 
mile of travel as at a walk. 

The efficiency continues to become 
less as the speed increases, until when 
worked at a speed of 11.25 miles an 
hour, a horse can accomplish less than 
one-tenth of the amount of work he can 
perform at a moderate pace. 

While a pound of additional load 
makes but little difference to a draft 
horse, with running horses the require- 
ment of speed makes it necessary that 
the weight carried (rider and saddle) 
be as small as possible. An ounce of 
additional load may make a difference 
of a yard or more in half a mile of run- 
ning. 

In going up a grade, a horse must 
not only propel his body and the load 
over the ground, but also he must raise 
them against the force of gravity. There- 
fore more energy is required. For ex- 
ample, in ascending a grade of 10.7 feet 
in 100 feet, a horse expends three times 
as much energy per mile as when travel- 
ing on a level road. In going down a 
h ill, if the slope is too steep the horse 
must spend energy in bracing himself 
and the load against too-rapid a descent 

1343. Best size of horse for farm 
work. — The best size of horses or mules 
for any particular farm will depend on 
several factors. Farmers on level farms 
with large fields usually prefer heavier 
work animals than do farmers on hilly 
farms where the fields are small. On 
heavy soil where the draft of tillage im- 
plements is great, large size in work ani- 
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jhals is advantageous. • However, on worked at the usual rates, they con- 
sandy soil most farmers favor animals verted into actual work about 20 to 25 
which are not too heavy. per cent of the energy they expended 

\ Lighter horses, which can be kept during the time they were working. 9 The 
more cheaply, are usually more active rest of the energy is converted into heat 
and will perform just as much of many and is lost, so far as useful work is con- 
kinds of farm work as extremely heavy cerned. 

horses. For the tillage operations which However, to gain a true idea of the 

require much power, such as plowing efficiency of the horse as a source of 
with gang plows, the necessary power power, we must compute his over-all 
l ean be secured by using moderate-weight efficiency for the entire day of 24 hours, 
horses in teams of 3 to 5 animals, or even This is the percentage of the total or 
more. gross energy in his daily feed, which he 


Speed Decreases the Work that Can Be Performed 

A pound of additional load makes but little difference to a draft horse, but with the 
race horse the load must be made as light as possible. 


If large and small horses do amounts is able to convert into useful work. Based 

of work which are in proportion to their on the amount of feed required per day, 

weights, their efficiencies in performing a 1,500-lb. horse working 8 hours a day 

work will be equal, according to Mis- at a rate of 1 horse power will have an 

souri experiments. 8 On the other hand, over-all efficiency of about 8.9 per cent, 

if a large horse is not worked in such a However, farm horses do not work 

manner as to perform an amount of labor every day, though they must eat every 

which is proportional to his size, his day. Therefore the over-all efficiency for 

efficiency will be lowered. the entire year is much lower than for 

1344. Efficiency of the horse as a a 24-hour period in which the horse does 

motor. — It is of interest to compare the a good days work. On the average, the 

efficiency of horses, in converting into yearly over-all efficiency of farm horses, 

useful work the nutrients they consume, which usually work only about 800 to 

with the efficiency of farm tractors. In 1,000 hours a year, is about 2 to 3 per 

Missouri experiments when horses cent. Obviously, any factor which in- 
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creases the number of hours of work a 
horse does during the year increases his 
over-all efficiency and reduces the actual 
cost of his labor per hour, since less of 
his feed will then go for maintaining him 
when idle. 

When operated at maximum effi- 
ciency, gasoline tractors convert about 
13 per cent of the energy of the fuel 
into the work of draft. 10 In comparing 
this with the efficiency of 8.9 per cent 
for horses in converting the energy of 
their feed into draft when working a full 
day, we must consider the following: 
The horse is supplied with feed in crude 
form, and a considerable part of it is in- 
digestible and therefore of no value in 
the production of work. The gasoline or 
kerosene tractor, however, is not supplied 
with crude fuel, but with highly-refined 
fuel from which the waste portions have 
been removed. Moreover, the horse re- 
pairs his body continuously, while the 
tractor cannot replace the daily wear 
of its parts. 


II. Nutrients Required by 
Horses 


1345. Nutrients required by various 
classes of horses. — The chief requirement 
of an animal doing muscular work is a 
liberal supply of total digestible nutrients 
or net energy, as has been shown in 
Chapter X. For the performance of work, 
an animal needs but little more protein 
than when it is idle. Also, the require- 
ments for minerals and vitamins are not 
appreciably increased by hard labor. 
(311) Rations that are relatively low in 
protein and that have only a moderate 
supply of minerals and vitamins are 
therefore entirely satisfactory for mature 
work horses or mules. 

The chief need of mature idle horses 


is for heat to maintain the body tempera- 
ture, and only a small amount of net 
energy is required. (235, 241-244) Also, 
the requirements for protein, minerals, 
and vitamins are low. Mature idle horses 
can therefore be fed rations that consist 
largely of such cheap feeds as straw or 
corn stover, which are low in net energy 
and in protein, but which produce much 
heat in the body. 


Because of their more nervous dis-'->v? 
position, horses allowed to move about j, 
considerably have a somewhat highe^ 1 
maintenance requirement than cattle ur 
other farm animals, in proportion to their ^ 
size. 11 

Brood mares -need liberal amounts 
of protein, minerals, and vitamins during 
pregnancy. (288) When they are nurs- 
ing foals, their requirements for these 
nutrients are still greater. (300) Colts 
likewise need a much greater proportion 
of protein than do mature work horses, 
and also more calcium, phosphorus, and 
vitamins. 


1346. Morrison feeding standards; 
rations for horses. — In the Morrison feed- 
ing standards, which are presented in 
Appendix Table III, the requirements 
of the various classes of horses are stated. 
It will be noted that these standards 
show the amounts of dry matter, digest- 
ible protein, and total digestible nutrients 
required per head daily by horses of 
various live weights and of the various 
classes. Allowances of calcium, phos- 
phorus, and carotene are also stated. 
Amounts of net energy are recommended 
for those who wish to compute rations 
according to the net-energy method. 

In these standards the allowance of 
total digestible nutrients for a horse at 
hard work is about double that for an 
idle horse of the same weight, while 
there is much less difference in the dry 
matter. This means that the ration must 
consist more largely of grain and other 
concentrates as "the work becomes 
harder. The approximate amounts of hay 
and concentrates that should be fed to 
horses that are at hard, medium, and 
light work and to those which are idle 
are stated in the paragraphs preceding 
Appendix Table III. 

Horses probably differ more in 
temperament and in individual feed re- 
quirements than do other classes of stock. 
Therefore a feeding standard can serve 
only as a general guide as to the amount 
of grain any particular horse will need to 
keep it in proper condition. 

Many different rations are suggested 
in Appendix Table VII for horses of vari- 
ous classes. These are suited to , condi- 
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tions in various parts of the country and 
C p# should be helpful in selecting balanced 
‘^^irations that are economical under the 
* , peal conditions. 

1347. Digestibility of feeds by 
horses. — Horses digest their feed some- 
what less completely than do ruminants, 
but the difference is not marked, except 
for low-grade roughages, such as straw 
or poor-quality hay. 12 

Too few digestion trials have been 
conducted with horses to warrant sepa- 
rate tables of digestible nutrients for 
them. Therefore, in computing rations 
for horses, values must be used which 
: are based upon digestion trials with rumi- 
nants, such as the figures for digestible 
nutrients given in Appendix Table I. 

The Morrison feeding standards for 
horses are designed for use with these 
digestible nutrient values, and allowances 
have been made for the lower digesti- 
bility of roughages by horses. Rations 
will therefore be satisfactory if computed 
according to these standards and ac- 
cording to the rules for feeding concen- 
trates and roughages that are given in 
Appendix Table III, immediately pre- 
ceding the feeding standards. 

Investigations showed many years 
ago that moderate work, even immedi- 
ately after a horse had eaten, tends to 
increase the digestion and absorption of 
nutrients. 13 Severe labor may, however, 
retard digestion. Contrary to some state- 
ments, reasonable exercise does not has- 
ten the passage of food from the stom- 
ach into the small intestine. 


1348. Roughage requirements of 
horses. — Under usual conditions it is ad- 
visable to feed approximately the 
amounts of hay or other roughage ad- 
vised in the paragraphs preceding Ap- 
pendix Table III and in Appendix Table 
VII. However, when hay is relatively 
high in price in comparison with grain, 
the amount of roughage can be reduced 
somewhat. 

For example, in Connecticut trials 
hard-worked horses were kept in good 
condition on only 8 lbs. of hay per head 
daily, plus a sufficient allowance of 
grain. 14 In Texas tests ponies grew satis- 
factorily on a ration of com, dried beet 


pulp, and purified casein, plus minerals 
and complete vitamin supplements, but 
with no hay or other roughage except 
the beet pulp. 15 

In World War II German and Rus- 
sian army horses in active service were 
satisfactorily fed compressed cakes or 
cubes made of mixtures of concentrates 
and ground roughage, in order to save 
space in transportation. 16 

As is emphasized in the next chap- 
ter, horses at work and light horses 
should not be allowed to eat all the 
very palatable hay that they will con- 
sume, for they may eat so much that it 
will be detrimental. 17 (1361) 

From the limited data available, it 
seems that it will take 2.5 to 3.0 lbs. or 
more of hay to equal 1.0 lb. of corn or 
oats for the production of work. 18 For 
maintaining an idle horse in winter, hay 
will have a higher value, and it will 
probably take only 1.5 to 2.0 lbs. of hay 
to equal 1.0 lb. of grain in value. 

1349. Requirements for protein. — 
It will be noted that the Morrison feeding 
standards recommend 0.6 to 0.8 lb. di- 
gestible protein per day for a 1,000-lb. 
idle horse. For horses at work somewhat 
larger amounts are advised, depending 
on the severity of the work. These recom- 
mendations are considerably lower than 
the amounts of digestible protein recom- 
mended in the older standards, such as 
the Wolff-Lehmann or the Armsby stand- 
ards. 

In various experiments rations hav- 
ing even less protein than advised in the 
Morrison standards have been fed suc- 
cessfully to idle horses and to horses at 
work. 19 Therefore, when protein-rich 
feeds are unusually expensive, mature 
idle horses or work horses can undoubt- 
edly be fed for considerable periods on 
less protein than stated in the standards. 
However, for continued feeding over a 
long time, the author would not advise 
less protein than is recommended in the 
standards. It must be borne in mind that 
the digestibility of a ration may be de- 
cidedly decreased if the protein content 
is too low. Therefore, merely to secure 
efficient utilization of feed, it is not ad- 
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visable to use rations extremely low in 
protein. 

In New York experiments with ma- 
ture work horses, a mixture of 900 lbs. 
cracked corn and 100 lbs. crushed oats 
was just as satisfactory as one having 
more protein, when fed with timothy hay 
cut reasonably early. 20 If the hay had 
been late-cut timothy hay, low in pro- 
tein, the results probably would have 
been much less satisfactory on the com- 
bination of corn and timothy hay with 
the small amount of oats. 

1350. Mineral requirements. — Ma- 
ture work horses, with the possible ex- 
ception of brood mares, do not require 
the addition of any minerals, except com- 
mon salt, to ordinary rations that con- 
tain a normal amount of good hay. This 
is because their needs for calcium and 
phosphorus are relatively low. 21 

In Iowa trials with mature work 
horses and in New York tests with grow- 
ing colts, there was little or no benefit 
from adding a mineral mixture supply- 
ing calcium and phosphorus to properly 
balanced rations which had plenty of 
good roughage. 22 However, even in ma- 
ture horses, serious bone injury may be 
caused by continued feeding of a ration 
that is unusually low in these minerals. 
This was shown in South Dakota ex- 
periments in which horses were wintered 
on straw alone. 23 In California studies, 
a decided deficiency of calcium and 
phosphorus in the rations of stallions 
seemed to cause a marked decrease in 
the quality of their semen. 24 

Growing colts must have an ample 
supply of calcium and phosphorus and 
also sufficient vitamin D to enable them 
to develop strong, sound bones. Like- 
wise, pregnant mares and mares nursing 
foals require much more calcium and 
phosphorus than do other mature horses. 
Well-cured legume hay or mixed hay 
high in legumes is the best roughage for 
colts and brood mares during the winter 
season. 

A bone disease often called “big 
head” may be caused in horses, donkeys, 
and mules by rations very low in cal- 
cium, especially when there is an excess 
of phosphorus. 25 (152) In this disease 


there is swelling of the jaws and later 
some of the bones of the head become 
greatly enlarged. The bones also become' 
porous and frequent fractures occur.' 
Young horses are affected more often 
than old ones. 

In areas where there is a deficiency 
of iodine, brood mares should be fed 
iodized salt during at least the latter 
half of pregnancy, to avoid danger of 
goiter in the new-born foals. It is the 
belief of some that navel-ill and trouble 
from weakness of foals at birth may be 
lessened by feeding brood mares during 
pregnancy 14 to 15 grains of potassium 
iodide per head a week, with their 
grain. 26 . 

1351. Salt. — Horses should be sup-: 
plied regularly with salt. An allowance 
of 1.75 to 2.00 ounces per head daily is 
sufficient, and many horses eat less. 27 A 
good plan is to supply salt where they 
can take what they wish, either loose 
salt from a suitable box, or block salt. 
Horses at hard work need more salt than 
others, for considerable is excreted in 
the sweat. 

1352. Requirements for vitamins, — 
There are commonly no deficiencies of 
vitamins for mature work horses in ordi- 
nary rations that contain plenty of good 
hay, for their vitamin requirements are 
small. The vitamin needs of brood mares 
and colts are higher, but they will be 
amply met if good legume or mixed hay 
is fed when the horses are not on pasture. 

California investigations indicate 
that the requirements of horses for vita- 
min A or carotene per unit of body 
weight are about the same as those for 
cattle, sheep, or swine. 28 In these studies 
a deficiency of vitamin A caused night 
blindness, eye injury, respiratory and 
reproductive difficulties, and eventually 
death. 

Colts sometimes develop rickets, 
because of a lack of vitamin D or of cal- 
cium and phosphorus. This rarely hap- 
pens when they have enough well-cured 
hay. If a colt shows any symptoms of 
rickets, it should be given an ounce of 
cod-liver oil a day, or an equivalent 
amount of a vitamin D concentrate. Also, 





828 


FEEDS AND FEEDING 


1356. Self-feeding.- — The self-feed- 
ing method, which is so successful with 
pigs and is also used for fattening cattle 
and sheep, is not satisfactory for horses. 
Even if a mixture of cut hay and grain is 
fed, it is impossible to adjust the amounts 
of grain for the various horses so that 
the easy keepers are not overfed and the 
hard keepers underfed. 

Mules can, however, be satisfac- 
torily self-fed grain or a mixture of grain 
and protein supplement, with hay fed 
separately in a rack. Also, a mixture of 
grain and chopped or ground hay can be 


stalls should be well bedded, so tho 
horses will be comfortable at night. 

Thorough and careful grooming is,' 
necessary to remove the waste material 
left on a horse’s coat when the sweat 
evaporates, and to keep the pores open 
and the skin healthy. As idle horses 
running at pasture sweat little and have 
abundant opportunity to roll, grooming 
them is unnecessary. While grooming 
should be thorough, a dull currycomb is 
preferable to a sharp one, and a brush 
should be used on the tender head and 
legs. 



Farm Horses Used in Wisconsin Feeding Trials 

Experiments during two years by the author and associates with these horses proved 
that crushing oats makes a saving of only about 5 per cent. 


self-fed as the entire ration. When mules 
were self-fed grain in Mississippi tests, 
they did not gorge on it, as horses would 
have done, and there was no trouble 
from digestive disturbances. 36 However, 
they ate more grain and less hay than 
hand-fed mules, and the. feed cost was 
19 per cent higher. 

1357. Hints on caring for horses. — 
Horses must have regular exercise for 
health and a long period of usefulness. 
Plenty of exercise is especially important 
for brood mares, stallions, and colts. 
When idle, work horses should be turned 
out where they can exercise. 

To keep them in good health, horses 
should be housed in well-ventilated quar- 
ters and be protected from drafts. Cool 
quarters with good ventilation are far 
preferable to warm, close stables. The 


A good horseman always cares for 
the teeth of his horses and sees that no 
sharp points prevent proper chewing of 
the food. He also sees that the collar 
and harness fit well and that the horses’ 
feet are properly cared for. He wipes 
collars and collar pads clean with a damp 
cloth each evening and allows them to 
dry before being used again. At the close 
of the day s work, especially at the start 
of the season, he takes time to wash the 
shoulders of the horses with a strong salt 
solution, as he knows this will help pre- 
vent sore shoulders. 

A good horseman makes changes in 
the ration gradually, for a sudden change 
may cause colic. In starting the day’s 
work he gradually warms the horses to 
their task before they are put to extreme 
exertion. In cold weather he blankets his 
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horses whenever the work ceases and 
.they are forced to stand in the cold even 
*a short time. 

V 1358. Mules. — Mules are more 
hardy than horses and are able to give 
satisfactory service under adverse con- 
ditions. Also, they may require slightly 
less feed than horses to do a given 
amount of work. 

Mules are generally more sensible in 
eating and less likely to gorge themselves, 
than horses, and hence are less subject 
to colic. Indeed, mules are often* fed at 
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case of horses, and the same principles 
apply in suiting the amount of feed to 
the size of the animal and the severity 
of the work performed. 

QUESTIONS 

1. Define horse power. How heavy a horse 

does it take to perform 1.0 horse power 
of work at steady labor? 

2. What factors determine the amount of 

work a horse can do? 

3. State the various types of work that 

horses perform. 





Mules on a Corn-belt Farm 

Mules are the chief work animals on southern farms and are often used in the com belt. 


troughs, like cattle, and allowed to eat 
all they desire. They are not fastidious 
in their taste and will consume rough- 
ages that horses would refuse. Mules also 
endure hot weather better, and because 
of the peculiar shape of the foot and its 
thick, strong wall and sole, they are 
less subject than horses to foot lameness. 
These good qualities of mules are partly 
offset by their, stubbornness and other 
peculiarities of disposition. 

Though mules will endure more 
neglect than horses, good care and feed 
will prove profitable. For feeding mules 
the same feeds may be used as in the 


4. Discuss the influence of speed upon the 

efficiency with which horses perform 
work; the influence of grade. 

5. What is the relative efficiency of large 

and small horses in doing work? 

6. Discuss the efficiency of the horse as a 

motor. 

7. Compare the digestibility of feeds by 

horses and by ruminants. 

8. Should horses be allowed to eat all the 

good-quality hay they will consume? 

9. Approximately what is the relative value 

per pound of grain and hay for the 
production of work? 

10. Discuss the nutrient requirements of 
horses under the following headings: 
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(a) Protein; (b) salt; (c) other min- 
erals; (d) vitamins; (e) water. 

11. Are the following methods of preparing 

feed for horses advisable; (a) Grind- 
ing corn; ( b ) grinding or crushing 
oats; (c) grinding barley, wheat, or 
grain sorghum; (d) chopping hay; 
( e ) grinding hay? 

12. Discuss the use of self-feeders in feed- 

ing horses and in feeding mules. 

13. Mention some important points to be ob- 

served in caring for horses. 

14. What advantages and disadvantages do 

mules have in comparison with horses? 
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CHAPTER XXXIII 

FEEDING AND CARING FOR HORSES 




I. Feeding Work Horses. 

'% 1359. Many feeds suitable, for 
horses and mules. — In most localities the 
usual ration for horses and mules con- 
sists of only one or two kinds of grain, 
-with no more variety in the roughages. 
Over much of the United States oats are 
the grain most commonly fed to horses, 
: and some horsemen consider them indis- 
pensable. However, entirely satisfactory 
results are secured with grain mixtures 
that contain no oats, but which are bal- 
anced in nutrients and have the proper 
bulkiness. 

Many experiments have shown that 
in making up rations for horses, just as 
for other stock, the prices of the different 
available feeds should always be con- 
sidered. A ration should be selected that 
will be as cheap as possible, yet entirely 
satisfactory for keeping the animals 
thrifty and efficient over a long period 
of usefulness. 

It is more important for horses than 
for other stock that the feeds be of sound 
quality and not moldy, spoiled, or ex- 
tremely dusty. This is because horses are 
especially apt to be injured by damaged 
feeds, and dusty hay or fodder greatly 
increases the trouble from heaves. 

The composition and value of the 
many feeds that may be fed to horses 
and mules are discussed in the various 
chapters of Part II. 

The experiments conducted to study 
problems in feeding and caring for work 
stock have nearly all been with horses, 
and few have been with mules. There- 
fore most of the discussions in this chap- 
ter deal with horses. However, the same 
general principles apply in feeding and 
caring for mules as in the case of horses. 

The discussions in this chapter deal 
chiefly with the feeding and care of draft 
horses. However, brief summaries are 


given later concerning the special re- 
quirements of saddle horses and other 
light horses, including race horses. 

1360. Grains and other concentrates 
for horses and mules. — Because of their 
bulky nature, oats are the safest of all 
common grains for horses and mules, as 
has been emphasized in Chapter XX. 

However, corn, barley, wheat, and 
the grain sorghums can all be used suc- 
cessfully in place of oats, when fed as 
advised in the chapters in which these 
grains are discussed. Ground or crushed 
rye should not form more than one-third 
of the concentrate mixture. Hominy feed 
is a satisfactory substitute for oats, and 
molasses is sometimes fed to horses as 
an appetizer or conditioner, or as a grain 
substitute when cheap in price. 

Among the protein supplements, 
wheat bran is especially useful because 
of its bulky nature and its laxative effect. 
Linseed meal is deservedly popular on 
account of its laxative and conditioning 
effect. Other protein supplements, such 
as soybean oil meal, cottonseed meal, 
and corn gluten feed, can be used for 
feeding horses and mules, as has been 
stated in the chapters of Part II. 

1361. Hay and other roughages for 
horses and mules. — In the northern states 
timothy hay is the standard roughage for 
horses and mules, and in the South hay 
from other grasses, such as Bermuda 
grass, Johnson grass, or Dallis grass. One 
of the reasons for the popularity of grass 
hay for horses and mules is "that it is 
usually free from mold or dust. Also, 
grass hay much more nearly approaches 
legume hay in actual nutritive value for 
feeding work horses or mature light 
horses than it does for other classes of 
stock. This is because of the low re- 
quirements of such horses for protein, 
minerals, and vitamins. (1345) 

Well-cured legume hay or mixed 
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legume-and-grass hay is entirely satis- 
factory for horses and mules, if it is prop- 
erly fed. The common prejudice against 
legume hay for horse feeding is due to 
the use of poor-quality hay or to feeding 
an excessive amount. Horses are so fond 
of good legume hay that they are apt 
to eat too much for their own good, if 
such hay is fed too liberally. They should 
therefore be fed no more than they need. 
Since good legume hay is higher in di- 
gestible nutrients than most grass hay, 
less of it is needed to replace a given 
amount of grass hay. 



Timothy Popular for Horses 


Timothy hay and other grass hays are 
the standard roughages for horses and mules. 

It is important that legume or mixed 
hay for horses be bright and well cured, 
for that which is moldy or dusty may 
cause heaves. Dampening dusty hay be- 
fore feeding helps somewhat, but it is 
far better to prevent mold and dust by 
proper curing. 

Well-cured corn or sorghum fodder 
or stover can be substituted for hay in 
feeding horses and mules, especially 
those that are idle or at light work. 
Straw can also be used as a considerable 
part of the roughage for wintering idle 
work stock. If better roughage is scarce, 
some straw can even be used for work 
horses in place of hay. In such a case, it 
had best be chopped and mixed with 
the concentrates. 


Silage of good.* quality, free from 
decay or mold, may replace one-third to- 
one-half the hay usually fed to horses* 
and mules. Poor quality silage should 
never be fed to horses, for they are much 
more susceptible to injury from spoiled 
silage than are other stock. Horses and 
mules should be accustomed to silage 
gradually. Because of its bulky nature, 
horses at hard work should not be fed 
much silage, but it is well suited for idle 
horses, brood mares, and growing colts. 

1362. Pasture. — Through the well- 
planned use of pasture, the cost of keep- 
ing farm work horses and mules can usu- 
ally be decidedly reduced. Good pasture 
is even more important for colts and ! 
brood mares. 

Whenever farm work animals are 
idle during the pasture season, they 
should be turned to pasture, thus reduc- 
ing the labor and expense to a minimum. 
Even when horses are worked regularly, 
it is best to turn them out at night, 
after they have eaten their grain, into a 
near-by pasture which has been fertilized 
so that there is plenty of grass. This not 
only reduces the cost of feed but also 
helps to keep them thrifty. During hot 
weather, horses are much more comfort- 
able at night when turned out to pas- 
ture than when kept in the stable. 

The saving in feed that can be made 
by such use of pasture is shown by 
Mississippi experiments. 1 In a 3-year test, 
work mules which had access to good 
pasture at night and on idle days during 
the grazing season needed about 25 per 
cent less grain and 50 per cent less hay 
than their teammates which had no pas- 
ture. The mules having pasture also 
gained 50 lbs. more per head and were 
as efficient workers as those not pastured. 

Work stock should not be turned on 
pasture too early in the spring, as the 
grass is then too laxative. Also, it is best 
to accustom them to pasture gradually, 
and the pasturing should be regular, and 
not intermittent. When work horses are 
pastured, the other feeds should not be 
of a laxative nature. 

After J:he harvest is over in the fall, 
horses not needed for work should be 
turned to pasture. They should have 
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access to a shed a Ad ‘some good-quality 
dry roughage should be ‘ fed in a rack, 
.. f ** to supplement such feed as they can se- 
^ure from stalk and stubble fields and 
from meadows. Where there is little. 
' S snow in winter, idle horses can get no 
s > small part of their winter feed by clean- 
ing up such fields. 

Colts and also brood mares which 
are not at work should be on good pas- 
ture throughout the growing season, care 
being taken that they actually have 
enough feed to keep them thrifty. City 
, horses are often turned on pasture so 
that their feet may recover from the ill 
effects of hard pavements. 

For early spring and for fall pasture, 
bluegrass or other permanent pasture is 
excellent. Mixed pasture that contains 
considerable white clover or other leg- 
umes is even better than grass alone. 

The use of pastures grown in the 
regular crop rotation, instead of parasite- 
infested permanent pasture, will help 
greatly to reduce trouble from internal 
parasites. Since horses are much less sub- 
ject to bloat than are cattle or sheep, al- 
falfa and other legume pasture is 
excellent for them. Such mixtures as al- 
falfa and bromegrass furnish ideal pas- 
ture. 

1363. Feeding work horses. — As a 
guide in selecting economical rations for 
work horses, several example rations are 
given in Appendix Table VII for 1,200- 
pound horses which are at hard, medium, 
and light work and for horses which are 
idle. All these rations meet the require- 
ments according to the Morrison feeding 
standards and should prove satisfactory 
in practice. With horses of other weights, 
the rations should be increased or de- 
creased by approximately one-twelfth the 
amounts of feed shown, for each 100 
lbs. the live weight differs from 1,200 
lbs. A horse that is a hard keeper will 
need considerably more grain than an 
easy keeper doing the same amount of 
work. 

Usually the daily amount of grain 
or other concentrates is divided equally 
into. 3 feeds, and given at morning, noon, 
and night. It is best to feed only a small 
amount of hay in the morning, so the 


horse’s digestive tract will not be too 
much distended when he is at work. A 
common plan is to feed about one-fourth 
the daily allowance of hay in the morn- 
ing, one-fourth at noon, and one-half at 
night. Some omit the noon feeding and 
give one-third the hay in the morning 
and the remainder at night, when the 
horses have plenty of time to eat it. 

Horses that are inclined to bolt 
their grain, or eat it too rapidly, can be 
made to eat more slowly by placing in 
the feed box several smooth stones about 
3 inches in diameter, or a few whole 
corn cobs. Another method is to feed the 
grain well spread out in a large, flat feed 
box, or else to mix it with bran or 
chopped hay. 

To avoid digestive troubles and pos- 
sible deaths from azoturia, the allowance 
of grain for horses at hard work should 
be reduced on idle days to 50 to 70 per 
cent of the amount usually fed. It is 
best to feed on such days in place of the 
grain, a mixture of two-thirds grain and 
one-third bran. Some feed a small allow- 
ance of grain at noon on idle days, with 
only a bran mash both morning and 
night. 

On coming to the stable at noon, the 
work horse should have a drink of fresh 
water, care being taken, if he is warm, 
that he does not drink too rapidly, or 
too much. Before going to work, he 
should be watered again. If possible, an 
hour should be allowed for the mid-day 
meal, and some horsemen remove the 
harness so the horse can eat his meal in 
comfort and rest easily. When the horse 
comes in after the day’s labor, he should 
be given a drink, unharnessed at once, 
and when the sweat has dried, brushed 
well. Horses will also appreciate a drink 
in the evening after they have eaten 
most of their hay. 

1364. Wintering farm horses. — 
When farm horses are idle during the 
winter, they should be maintained largely 
on cheap roughage. Idle horses can get 
much of their feed in fall and early 
winter by grazing the aftermath in mead- 
ows or by cleaning up stalk and stubble 
fields. Often they can be fed the refuse 
stems from clover or alfalfa hay which 
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has been fed to other stock. Straw or 
stover from corn or the sorghums can 
also form a considerable part of their 
ration, but care should be taken to sup- 
ply some feeds higher in protein, min- 
erals, and vitamins, or bad results may 
follow. If not provided more liberally, it 
is wise to feed 5 lbs. per head of legume 
hay at least 3 times a week. Light grain 
feeding should begin a few weeks be- 
fore spring work starts, to get the horses 
into condition for work. 


60 per cent of the brood mares that are 
bred each year produce living foals. - 
This enormous loss is largely due to neg-/ 
lect and carelessness. / 

Idleness must be avoided in the ca$e 
of brood mares. The best exercise is 
regular work, yet judgment must always _ 
be used in working brood mares. Pulling 
too hard, backing heavy loads, wading 
through deep snow or mud, or other 
over-exertion is dangerous. When nof 
worked, a mare should be turned odt 



A Good Team of Brood Mares 

Such mares can do farm work most of the year and also raise good colts. 


Idle horses should be turned out 
daily in winter for exercise in a lot that 
is protected from the wind. If they have 
the run of fields during the winter, they 
should have access to a dry shed for 
shelter, except where the weather is 
mild. 

II. Raising Horses; Feed 
Requirements 

1365. Feed and care of brood 
mares. — It does not take very much more 
feed to keep a brood mare throughout 
the year than it does to feed another 
horse doing an equal amount of work. 

Good results cannot be secured, 
however, unless a brood mare has proper 
feed and care. It is estimated that only, 


daily for exercise. As foaling time ap- 
proaches, the work should be lightened, 
and preferably discontinued 3 days to a 
week before foaling. When laid off, the 
mare should still be allowed to exercise. 
Mares heavy in foal are apt to be cross 
and quarrelsome, but they should always 
be handled gently. 

The rations for brood mares should 
contain liberal amounts of protein, cal- 
cium, phosphorus, and vitamins. An 
abundance of these nutrients is especially 
needed by mares that are suckling foals 
and by young mares that are still grow- 
ing. Several example rations for mares 
suckling foals are given in Appendix 
Table VII. 

To supply sufficient protein, min- 
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erals, and vitamins, it is desirable that 
w at least half the roughage for brood 
>; mares during the winter be legume hay. 
The rest may be grass hay, corn stover, 
iorn silage, or even good straw. Brood 
mares which are idle during the winter 
4 * y need but little concentrates, if they have 
plenty of good roughage. Sufficient grain 
or other concentrates should be ,fed, if 
^ * needed, to keep the mares in -thrifty 
? 0 pndition, but they should riot become 
< , mt Constipation should be prevented by 
| ' *‘%sing such feeds as bran or linseed meal. 

1366, Gestation period and foaling 
time. — The average gestation period for 

4 mares is about 11 months, or 335 days, 
though it may vary considerably. In 
| California studies the gestation period of 
Arabian mares bred from December 
through May averaged 10 days longer 
than of mares bred the rest of the year . 2 

Shortly before foaling, the grain al- 
lowance should be decreased and enough 
bran or other laxative feeds used so that 
the mare will not be constipated. Unless 
the mare can foal on pasture, a roomy 
box stall should be provided, which has 
been thoroughly cleaned and disinfected 
to avoid infection that may cause navel 
ill and joint disease. The stall should be 
kept well cleaned and should be bedded 
with dry straw. If the mare has diffi- 
culty in foaling, a veterinarian should 
be secured. 

The mare should be given a half 
bucket of lukewarm water before foal- 
ing, and when on her feet again she will 
need another drink. A light feed of bran 
is suitable for the first meal, and this may 
be followed by oats, or by such a mix- 
ture as oats and bran. After foaling, the 
mare should be confined for a few days, 
her ration not being too abundant. If all 
goes well, after 4 or 5 days she may be 
turned to pasture, and in 10 days, if 
work is urgent and the mare has fully 
recovered, she may go back to light 
work, for a part of the day at least. 

Farm mares should not usually be 
bred until they are 3 years old. Breeding 
a well-grown draft filly at 2 years will, 
however, not be noticeably detrimental 
to her, if she is well fed and cared for. 

1367. The foal.— To reach good 
size at maturity, a foal should make about 


half its entire growth during the first 
year. It should therefore be fed liberally, 
so that its growth will not be checked 
at any time. Soon after birth, the foal 
should get the colostrum, or first milk, 
of its dam, because this increases the 
resistance of the digestive tract to bac- 
terial infection. If the foal is constipated, 
a dose of castor oil or a rectal injection 
may be necessary. On account of the 
great danger from navel and joint dis- 
ease, the stump of the navel cord should 
be carefully disinfected. 

If the dam does not supply enough 
milk, she should receive feed that will 
stimulate her milk flow. Good pasture is 
best, but if this is not available, she 
should have a liberal amount of grain. 
On the other hand, an oversupply of 
milk or milk too rich in fat may cause 
indigestion in the foal. The dam's ration 
should then be reduced and some of her 
milk drawn, the foal being allowed the 
first portion, which is the poorest in fat. 

1368. Mare's milk. — Mare's milk is 
white or bluish in color with an aromatic, 
sweetish, slightly bitter taste. As is shown in 
Appendix Table I, it is much lower in fat, 
protein, and mineral matter than is cow's 
milk, but it is somewhat richer in milk sugar. 
The milk yield of good brood mares is greater 
than is often supposed. In German tests the 
daily milk yield of draft brood mares suck- 
ling foals was 26 to 77 lbs. 3 

1369. Raising the orphan foal. — If a 
mare dies, the foal may, with proper care, be 
raised on cow's milk. In case the foal has not 
secured colostrum from its dam, it will be 
necessary for the veterinarian to provide a 
substitute by the hypodermic injection of 
horse serum, or by other means. 4 (270) 

As mare's milk contains much less fat 
but more sugar than cow's milk, the milk 
should be modified for a very young foal. 
Choose a cow in the first part of the lactation 
period and one giving milk low in fat, if pos- 
sible. To 1 pint of milk add one-fourth pint 
of limewater and 1 teaspoonful of sugar. This 
will be enough for 2 feedings at first. Feed 
the foal about every hour for the first day or 
so, warming the milk to 100° F. and using 
an ordinary nursing bottle with a large nip- 
ple. This must be carefully cleansed and ster- 
ilized. 

If the foal is doing well, the amount of 
milk may be gradually increased and the pe- 
riod between feedings lengthened, until the 
foal is fed only 4 times a day. After a few 
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days unmodified whole milk may be substi- 
tuted and the foal taught to drink from a 
pail. In 5 to 6 weeks sweet skimmilk may 
gradually replace the whole milk and after 

3 months the foal may be given all it will 
drink 3 times a day. As soon as possible, the 
foal should be fed solid food, such as crushed 
or ground oats, bran, a little linseed meal, 
and legume hay. It should also have the run 
of a paddock where there is good grazing. 

1370. Weights and gains of colts. — At 
the Iowa Station the average birth weight of 
Percheron and Belgian colts for 4 years was 
159 lbs. 5 At a year of age these liberally-fed 
colts averaged 1,105 lbs.; at 2 years of age, 
1,506 lbs.; and at 3 years of age, 1,619 lbs. 

At Macdonald /College, Canada, draft 
colts weighed somewhat less at birth, aver- 
aging 120 lbs. 6 Their average weights at vari- 
ous ages were as follows: 6 months old, 730 
lbs.; 1 year, 1,020 lbs.; 18 months, 1,350 lbs.; 
2 years, 1,480 lbs.; 3 years, 1,790 lbs.; and 

4 years, 1,980 lbs. During the first 6 months 
the colts gained an average of 3.4 lbs. a day; 
from 6 months of age to a year of age, 1.6 
lbs. a day; from a year of age to 18 months 
of age, 1.8 lbs. a day; during the next 6 
months, 0.7 lb. a day; during the third year, 
0.9 lb. a day; and during the fourth year, 0.5 
lb. a day. 

Allen found that 1,071 trotting-bred 
foals averaged 110 lbs. at birth. 7 Their aver- 
age gain was 534 lbs. for the first year, 264 
lbs. for the second, 118 lbs. for the third, 
and 76 lbs. for the fourth, making their aver- 
age weight 1,102 lbs. at 4 years of age. 

Hooper found that Thoroughbred fillies 
which were foaled from the latter part of 
February to the end of April averaged 760 
lbs. in weight and 14 hands 2 inches in 
height on April 1 of the next year. 8 Colts 
averaged 780 lbs. at the same age. 

1371. Feeding the foals. — Foals 
should learn to eat grain as early as 
possible, so that they will grow rapidly. 
Also, if the mares are working, the foals 
will fret less for them. If the feed box is 
placed low, a foal will begin nibbling 
from the mother's supply at 3 or 4 weeks 
of age. 

Crushed or ground oats and wheat 
bran are excellent feeds for young foals, 
and also such a mixture as 4 parts by 
weight of ground corn, 3 of bran, and 
1 of linseed meal. By the time they are 
to be weaned, foals should be eating 2 
to 3 lbs. of concentrates a day. They 


should also be given good legume hay 
as soon as they will eat it, and they 
should have access to a supply of good f ^ 
water. ,/ 

If the dam has insufficient milk, the , 
foal may be fed cow's milk, preferably 
milk low in fat. Constipation may be re- . v 
lieved by adding linseed meal to the ra- 
tion. If a foal has diarrhea, the feed for 
both dam and foal should at once be 
lessened. j 

If the mares and foals are on pas- / 
ture, a small enclosure, called a “creep,"' 
should be made at a spot where the 
horses are inclined to loiter, with a gate 
and also an opening of such size that 
the foals can enter, while the mares are 
kept out. Here a suitable grain mixture 
should be supplied in a feed trough. To 
accustom the foals to eating in the creep, 
the gate should be left open for a few 
days, so the mares can enter and eat the 
grain mixture. After the mares are shut 
out, a salt block or a large lump of rock 
salt can be kept nearby, so the mares 
will loiter near the creep. 

When the mares are worked, it is 
usually best not to have the foals follow 
them. A small pasture paddock should 
be provided for the foals, with a shed 
for shelter. Burlap sacks hung from such 
a shed will brush flies off the foals as 
they pass under them. The mare should 
be brought to suckle the foal in the mid- 
dle of the forenoon and afternoon for 
the first 2 or 3 weeks. Before turning 
her with the foal, she should be allowed 
to cool off, and perhaps some of the 
milk drawn from her udder. If the foal 
is housed in the barn during the day, it 
is well to turn both dam and foal to 
pasture at night. Brood mares at work 
should be fed a liberal amount of con- 
centrates, so they will keep up a good 
milk flow. 

1372. Weaning.— At from 4 to 6 
months of age, the foal should be 
weaned. When the mare is bred soon 
after foaling, or if for any reason the dam 
or foal is not doing well, it is best to 
wean comparatively early. On the other 
hand, if the mother has a good flow of 
milk and her services are not needed, 
the foal may be allowed to suckle for 
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6 months. If the foal is accustomed to 
eating grain, weaning will cause little, if 
any, setback. 

\ To wean the foal, it should be sepa- 
rated from its dam and not allowed with 
her again until they have forgotten each 
other. The grain allowance of the mare 
should be reduced till she is dried off, 
and her udder partly milked out when 
necessary. 

The education of the . colt should 
not be postponed until it is time to 


During the pasture season foals 
should have first-class pasture. Legume 
pasture or mixed legume-and-grass pas- 
ture is excellent. Well-fertilized pasture 
not only produces more rapid gains than 
poorer pasture, because of the more 
abundant feed, but it also tends to de- 
velop better bone. In a Georgia test, 
mule colts pastured on rather poor land 
which had been fertilized with calcium 
and phosphorus grew more rapidly and 
had better bone development than others 



A Creep for Feeding Foals on a Pasture 

For foals on pasture with their dams, a creep should be provided, such as this, where 
the foals can have access to a separate supply of grain or other concentrates. 


“break” him for work. The breaking 
process will be much easier and the colt 
will usually make a better-behaved horse 
if the training starts early. When still a 
foal, he should be taught to lead at the 
halter, stand tied in the stall, and dis- 
play proper stable manners. Well-grown 
colts may be broken when 2 years old 
and used for limited work, thus reducing 
the cost of raising them considerably. 

1373. After weaning. — Foals should 
be kept growing thriftily after weaning, 
by giving them a liberal amount of feed 
that supplies plenty of protein and also 
sufficient vitamins and minerals, espe- 
cially calcium and phosphorus. 


on unfertilized pasture, even though the 
latter pasture provided plenty of for- 
age. 9 

For roughage during the winter, 
well-cured legume hay or mixed legume- 
and-grass hay is the best. If the amount 
of such hay is limited, at least one feed 
of it should be provided daily, if pos- 
sible. The rest of the roughage can be 
hay from the grasses, well-cured corn or 
sorghum fodder, or silage from corn or 
the sorghums. 

With good legume hay for rough- 
age, excellent results will be secured with 
oats as the only concentrate for colts, 
or from such mixtures as the following: 
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(1) Equal parts by weight of oats and 
either corn or barley; (2) a mixture of 
3 or 4 parts oats by weight and 1 part 
wheat bran; (3) a mixture of 3 parts 
corn and 1 part wheat bran; (4) a mix- 
ture of 2 parts corn, 2 parts oats, and 
1 part wheat bran. 

When the roughage is chiefly grass 
hay or other low-protein forage, a con- 
centrate mixture higher in protein should 
be used, such as one of the following: 
(1) A mixture of 3 parts oats by weight, 
3 parts corn, 3 parts bran, and 1 part 
linseed meal or other protein-rich sup- 
plement; or, (2) a mixture of 3 parts 
corn, 3 parts bran, and 1 part protein- 
rich supplement. 

Many expert horsemen believe that 
foals develop better quality of bone 
when the concentrate mixture is made 
up largely of oats instead of corn, but 
corn is satisfactory, if care is taken to 
supply plenty of protein and minerals 
in the ration, preferably by feeding leg- 
ume hay. 

In raising colts for farm work horses, 
the cost should be kept as low as pos- 
sible by the use of a maximum amount 
of pasture, hay, and other roughage, and 
a minimum amount of grain or other 
concentrates. Colts raised in this manner 
will not be as heavy at 3 years of age 
as those fed a liberal amount of grain 
in winter, but they will be nearly as large 
at maturity and will be just as good work 
horses. 

In a Michigan experiment draft 
colts raised from weaning on a very 
liberal amount of grain with what hay 
they would eat in winter and good pas- 
ture in summer averaged 1,574 lbs. in 
weight and 63.8 inches in height as 3- 
year-olds. 10 Other colts fed only one- 
third as much grain, with straw in abun- 
dance and a limited amount of hay in 
winter and good pasture in summer, 
weighed 1,347 lbs. as 3-year-olds and 
were 63.0 inches tall. When the colts in 
the groups reached maturity, there would 
have undoubtedly been considerably less 
difference in their weights. 

The first group had received from ' 
weaning time to 3 years of age an 
average of 7,360 lbs. concentrates (nearly 


all oats and ear corn), 7,960 lbs. hay and 
240 lbs. straw, in addition to pasture. 
The other colts had received an average 
of only 2,380 lbs. concentrates, with 
6,400 lbs. hay, 3,720 lbs. straw, and 
pasture during the summers. 

The cost of feed to 3 years of age 
was 70 per cent more for die liberally- 
fed colts than for the others. However, 
they were sufficiently well grown at 2 
years of age so that they could havt 
been put to some work. This might have 
paid for much of their feed the following 
year. 

To reduce the cost of raising colts 
still further, in other Michigan trials draft 
colts were fed no concentrates at all 
after weaning. 11 They were wintered the 
first and following winters on hay stacked 
in a pasture field that had not been 
grazed the previous summer. They had 
access to a shed for shelter, but usually 
preferred the shelter of the hay stacks. 
On this hay, eaten from the stack, and 
the dried pasturage in winter and with 
good pasture in summer, they reached 
an average weight of 1,504 lbs. at 3 
years of age. It was estimated that they 
had eaten an average of about 13,800 
lbs. of hay and dried pasturage in the 
3 winters. Colts thus wintered chiefly 
out of doors developed better feet and 
legs than those wintered in the barn and 
turned out for exercise daily. 

If it is desired to have draft colts 
make maximum growth to 3 years of 
age, they will need 5 to 10 lbs. of con- 
centrates a day during the first winter in 
addition to plenty of good roughage. 
During the second summer they will 
need 3 to 6 lbs. of concentrates a day, 
and during the second winter 6 to 12 
lbs. The third summer they will need 
no concentrates if the pasture is ex- 
cellent, but if the pasture is none too 
good, 4 to 5 lbs. of concentrates per 
head daily may be needed to keep the 
colts growing rapidly. The third winter 
the colts will need about the same 
amount of concentrates as during the 
second winter. 

1374. Feed and care of the stallion. 
— Nothing so vital to the well-being of 
the stallion is so often neglected as 
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proper exercise. The best exercise is ac- 
tual work, and even during the breeding 
I season a half day’s work each day is 
f . beneficial. When real work is impossible, 
mj&ie stallion should be turned out daily 
■ into a roomy paddock, or should be exer- 
cised on the road for a mile, or prefer- 
ably considerably more. 

The ration of the stallion should 
consist of first-class, wholesome feeds, 
/ supplying ample protein, mineral matter, 
and vitamins for thrift and vigor. It has 
been mentioned previously that a lack 
of calcium and phosphorus in the ration 
^of stallions seems to decrease the qual- 
ity of the semen. (1350) In Mississippi 
investigations the ration also had a 
marked effect on sperm production. 12 
Even with legume hay (lespedeza) as 
the roughage, a concentrate mixture of 
65 parts oats, 25 parts wheat bran, and 
10 parts wheat or corn, plus 1 ounce of 
calcium supplement per head daily, was 
found to be decidedly superior to using 
corn as the only concentrate. 

For roughage, well-cured mixed leg- 
ume and grass hay is unexcelled. Pure 
legume hay is entirely satisfactory, if it 
is not dusty and if no more is fed than 
is actually needed. 

The following concentrate mixtures 
are well suited for use with timothy hay 
or other non-legume roughage; (1) Oats 
4 parts by weight, and wheat bran 1 
part; (2) oats 4 parts, com 6 parts, and 
wheat bran 3 parts; (3) oats 4 parts, 
corn 4 parts, and linseed meal 1 part. 
For mature stallions oats can be used 
as the only concentrate, even when no 
legume hay is fed. If a considerable 
proportion of the roughage fed a stallion 
is legume hay, a mixture of grain alone 
is satisfactory, even for young stallions. 
It may, however, be desirable to include 
a little wheat bran in the mixture, merely 
for its laxative effect. Even with leg- 
ume hay as the only roughage, most 
horsemen prefer not to include more 
than one-half com in the grain mixture 
for stallions. 

The stallion should be fed just 
enough concentrates to keep him in vig- 
orous, thrifty condition, but he should 
not be allowed to get fat. During the 


breeding season he will need as much 
grain as a horse at hard work, and he 
should be fed enough to prevent him 
from running down in flesh. 

1375. Cost of keeping farm horses. 
— The most extensive data on the feed 
required annually by farm horses are 
studies for the year 1929, made by the 
United States Department of Agricul- 
ture on 736 corn-belt farms. 13 On these 
farms horses working an average of 691 
hours a year consumed annually the fol- 
lowing average amounts of feed per 
head: Oats, 1,565 lbs.; corn, 1,730 lbs.; 
other concentrates, 18 lbs.; legume and 
mixed hay, 2,260 lbs.; non-legume hay, 
1,060 lbs.; and straw and stover, 1,640 
lbs.; with 4.4 months of grass pasture 
and 1.7 months of grazing on corn stalk 
and stubble fields. 

The cost of the feed was 81 per 
cent of the total annual net cost, after 
allowing credit for the value of the 
manure and a pro-rata credit for colts 
produced by a few of the mares. At 1929 
prices, the net cost per hour of horse 
labor was 14 cents. 

The ways in which the cost of feed 
can be kept low have been emphasized 
previously in this chapter. Idle horses or 
mules must be wintered economically, 
largely on cheap feeds, such as straw, 
corn fodder or stover, or waste feed from 
stubble fields, stalk fields, and meadow 
aftermath. The efficient use of good pas- 
ture, including night pasture for work ani- 
mals, will also reduce the cost of horse 
labor. Improper shoeing or a poorly- 
fitting collar may reduce the capacity for 
work just as much as feeding an inade- 
quate ration. 

The cost per hour of labor will also 
depend largely on the number of hours 
of work actually performed a year. 
Therefore the work should be so planned 
as to use draft animals efficiently. 

Many horses and mules are badly 
rundown in condition and even unfit for 
work as a result of severe infection with 
internal parasites. Proper treatment with 
suitable vermifuges will produce a strik- 
ing improvement in their condition, save 
much feed, and greatly reduce the trouble 
from colic. Since there is more danger 
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to horses in administering doses of a 
vermifuge than in the case of other stock, 
the treatment had best be given by a 
veterinarian. 

III. Feed and Care of 
Light Horses 

1376. Feeding and caring for light 
horses. — Because they are generally not 
exercised for many hours a day, saddle 
horses and other light horses kept mainly 
for pleasure usually need less feed in 
proportion to their weight than do work 
horses at hard or medium work. All 
feeds should be of good quality, and the 
hay should be free from dust or mold. 

A common allowance of hay is 1.0 
to 1.1 lbs. daily per 100 lbs. live weight. 
About 1.0 lb. of oats or other concen- 
trates per 100 lbs. weight should be 
enough for horses ridden or driven a 
moderate amount daily. Concentrates are 
commonly fed 3 times a day, the eve- 
ning meal being the largest. 

Oats are superior to any other single 
grain or concentrate for light horses. 14 
However, a suitable combination of 
other grain and some bulkier feed gives 
good results, just as in the case of work 
horses. In case the horse is at all consti- 
pated, bran should be fed, dry or as a 
mash. On the other hand, light horses 
should not be fed too large amounts of 
such laxative feeds as alfalfa or clover 
hay or bran. 

The period of satisfactory service of 
light horses is often lessened because 
they are overfed and exercised irregu- 
larly or too little. On days when they 
get little exercise, the usual amount of 
roughage may be fed but the grain al- 
lowance should be reduced, as in the 
case of work horses. (1363) 

The amount of feed needed by 
saddle horses used on ranches or farms 
for handling stock will depend on the 
amount of work they actually perform. 
During much of the year such horses 
can get most of their feed from suitable 
pasture that is close at hand. 

1377. Feed and care of race horses. 
— The same general principles apply to 
the raising of Thoroughbreds and other 
race horses as in the case of other horses, 


except that expense is not spared in pro- 
viding rations that will insure proper de- 
velopment. The rations and methods 
differ to a considerable extent on variou/ 
noted farms where race horses are 
raised. 15 This shows that there is no one 
best way of raising such horses. How- 
ever, there is general agreement in cer- 
tain practices and methods. 

Commonly, excellent pasture is pro- 
vided for brood mares, stallions, and 
colts throughout the growing season. In 
winter, care is taken to insure abundant 
exercise during the daytime in suitable 
paddocks or pastures. Because of its 
higher content of protein, vitamins, and 
calcium, mixed hay or legume hay of 
first-rate quality is generally preferred 
to straight grass hay. 

A sufficient amount of concentrates 
is fed to keep the mares and stallions in 
the desired condition and to produce 
rapid growth in the colts. There is con- 
siderable difference in the concentrate 
mixtures used on the various farms. Oats 
are the most popular grain on Kentucky 
horse farms and commonly form a large 
part of the concentrate mixture. 

Often cracked corn or shelled corn 
is included in the mixture and sometimes 
cracked or rolled barley. Wheat bran 
and linseed meal are common ingredi- 
ents, and sometimes a molasses feed is 
added. Generally, the horses are given 
access to bone meal or to a mineraf mix- 
ture furnishing calcium and phosphorus, 
so they will have a plentiful supply of 
these bone-building minerals. 

Often yearlings that are to be sold 
in the spring are fed a very liberal 
amount of concentrates in winter, so they 
will not only make rapid growth but will 
also become fat and appear more attrac- 
tive to purchasers. Opinions have been 
expressed that this practice may be de- 
cidedly detrimental. 16 It is believed that 
it may tend to produce horses with feet 
and legs that will not stand the strains 
of racing so well as when the yearlings 
are fed for only normal growth. 

During the training and racing sea- 
son, the amount of hay for a race horse 
must be strictly limited. Often only 7 or 
8 lbs. of hay are fed a day. 17 Some horses 
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must be muzzled to prevent them from 
eating the bedding. 

The allowance of oats or of con- 
centrate mixture will range from 8 to 10 
Ihs. a day up to 13 lbs. or more. During 
the training period, a bran mash about 
once a week helps to keep the horse’s 
bowels in proper condition. 

QUESTIONS 

1. Discuss the value of grass hay and of 

legume hay for horses and mules. 
What kinds of hay are generally fed 
to them in your region? 

2. Why are oats so popular for feeding 

horses? How can other grains be satis- 
factorily substituted for oats? 

3. Discuss the importance of pasture in re- 

ducing the cost of keeping work horses 
and mules. 

4. State some of the most important points 

in feeding work horses. About how 
great an amount of concentrates and 
roughages combined should be fed 
daily to work horses per 100 lbs. live 
weight? 

5. What sort of rations should be used for 

wintering idle farm horses? 

6. Discuss the feed and care of brood 

mares; (a) Previous to foaling; (b) at 
foaling time. 

7. Discuss the feed and care of the stallion. 

8. Summarize the important points in feed- 

ing and caring for foals: (a) Before 
weaning; (b) at weaning time; (c) 
after weaning. 

9. Approximately how much total concen- 

trates and how much roughage does it 
take to raise a draft colt to 3 years of 


age: (a) When it is fed a liberal 
amount of grain; (b) when only 
enough grain is fed to produce satis- 
factory growth? 

10. What are the chief items of expense in 

raising draft horses? 

11. How can the cost of horse or mule labor 

be reduced to a minimum? 

12. State a satisfactory ration for a saddle 

horse or other light horse. 

REFERENCES 

1. Miss. Rpt. 1940. 

2. Howell and Rollins, Cal., Jour. Anim. Sci., 10, 

1951, pp. 789-796. 

3. Blechschmidt, Germany, Landw. Jahrb., 77, 

1933, pp. 463-560. 

4. Gamble, Earle, and Howe, U.S.D.A. Tech.. 

Bui. 661. 

5. Caine, Iowa Rpt. 1943, Part 1. 

6. Crampton. Macdonald College, Canada, infor- 

mation to the author; see also: Fuller, Wis. 
Cir. 244; Breeder’s Gazette, 59, 1911, p. 
1223. 

7. Allen Farm Catalog, 1905. 

8. Hooper, The Thoroughbred Record, July 9, 

1921. 

9. Edwards, Ga., Amer. Soc. Anim. Prod., Proc. 

1940. 

10. Hudson, Mich. Spec. Bui. 253; Blakeslee 

and Brewster, Mich. Quar. Bui., 23, 1941, No. 
4; see also: Trowbridge, Chittenden, Moffett, 
and Elijah, Mo. Buis. 316, 413, 444; Snyder, 
Nebr. Bui. 130. 

11. Hudson and Good, Mich. Quar. Bui., 28, 1946, 

No. 3. 

12. Berliner, Cowart, and Pharis, Miss., Amer. Soc, 

Anim. Prod., Proc. 1939; Miss., Rpts. 1939, 

1941. 

13. Reynoldson et al., U.S.D.A. Tech. Bui. 384. 

14. Kays, The Horse, 1953. 

15. Palmer, Feeding Practices on Kentucky Thor- 

oughbred Farms, published by The Blood- 
horse, Lexington, Ky., 1943. 

16. Buckner, Good, and Harms, Ky., Amer. Soc. 

Anim. Prod., Proc. 1938; Horlacher, Ky., 
Amer. Soc. Anim. Prod., Proc. 1940. 

17. Woodruff, The Trotting Horse in America. 



* ? 




CHAPTER XXXIV 

GENERAL PROBLEMS IN SWINE HUSBANDRY 


I. Economy of Pokk Production 

1378. Efficiency of pigs as meat 
producers. — It has been pointed out in 
Chapter XII that pigs excel all other 
farm animals in the efficiency with which 
they convert feed into edible meat. 
(351-352) They require much less feed 
and less total digestible nutrients for 
each pound of edible meat produced 
than do other farm animals. 

Pigs yield a higher percentage of 
dressed carcass than do other meat ani- 
mals; a larger proportion of the carcass 
is edible; and pork is richer in energy 
than other meat, because of a higher con- 
tent of fat and a slightly lower percent- 
age of water. However, beef and mut- 
ton usually furnish a higher percentage 
of protein than does pork. 

Pigs have a greater capacity to con- 
sume feed in proportion to their live 
weights than do calves or lambs. Be- 
cause of this and also because of greater 
efficiency in the utilization of food nu- 
trients, they make much more rapid gains 
in proportion to their live weights. Well- 
fed pigs make more than twice as great 
a gain per 100 lbs. live weight from 
weaning time to market weights as do 
fattening calves, and three times as 
much as is made by fattening lambs. 

Other advantages of swine, in ad- 
dition to their efficiency in food produc- 
tion, are that they are very prolific and 
they do not require expensive buildings. 
Also, they are especially suited to utilize 
feed that might otherwise be wasted, 
such as garbage and garden waste. In 
countries where the density of popula- 
tion presses most upon the food supply, 


1379. Efficiency and rate of gain 
of pigs of various ages, — The amount of 
feed required for 100 lbs. gain in weight 
is lowest for young pigs and steadily in- 
creases as they grow older and become 
fatter. This is due to the factors which 
have been discussed in detail in Chapter 
IX. (265) First of all, the gain made 
during the early stages of growth or fat- 
tening contains more water and much 
less fat than when the animal becomes 
older and fatter. Less energy is there- 
fore required to produce these early 
gains in weight. Also, since young ani- 
mals eat considerably more feed per 100 
lbs. live weight than do older ones, they 
have available for meat production a 
greater surplus of nutrients after their 
maintenance requirements are met. 

As has been stated previously, these 
factors fully account for the lower cost 
of the gains made by young animals. 
Though they require less feed per 100 
lbs. gain and therefore make cheaper 
gains, young animals do not utilize any 
more efficiently the feed consumed be- 
yond the amount they need to maintain 
their bodies. As a matter of fact, in Mis- 
souri experiments where the entire car- 
casses of pigs were analyzed at various 
stages of growth up to 300 lbs. live 
weight, the older pigs apparently re- 
quired slightly less feed than the younger 
ones per therm of energy in the gains 
they made. 1 

From a study of the results of vari- 
ous feeding experiments, a special com- 
mittee of the National Research Coun- 
cil states that thrifty pigs fed modern, 
efficient rations will consume about the 
amounts of feed per head a day and 


both swine and poultry often get most make the daily gains shown in the fol- 


of their food from such sources. In con- 
trast, in the United States pork produc- 
tion is most important in the corn belt 
and other districts where grain is abun- 
dant 


lowing table. 2 The feed required per 100 
lbs. gain is shown in the last column. 

The rates of gain and the feed ef- 
ficiencies shown in this table can be se- 
cured only when well-bred pigs are fed 
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first-class rations and when the care and 
management are excellent. 

Feed consumed gain, and 
k * efficiency at various weights 


Live 

Air-dry 

Daily 

Feed per 

weight 

feed 

gain 

100 lbs. gain 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

25 ... 

.. 2.0 

0.8 

250 

50 ... 

. . 3.2 

1.2 

267 

100 ... 

.. 5.3 

1.6 

331 

150 ... 

.. 6.8 

1.8 

378 

200 ... 

.. 7.5 

1.8 

417 

250 ... 

. . 8.3 

1.8 

461 


The table shows that the daily gain 
increases until the pigs reach about 150 
lbs. The t amount of feed required per 
100 lbs. gain steadily increases as the 
pigs grow older and fatter. If carried to a 
heavier weight than 250 lbs., the gain 
will commonly be less rapid than be- 
fore, and the efficiency of gain will be 
considerably lower. 

Studies • by the United States De- 
partment of Agriculture in cooperation 
with several experiment stations show a 
very important fact. 3 This is that al- 
though the amount of feed required per 
100 lbs. gain during each period stead- 
ily increases, the total amount of feed 
required per 100 lbs. of total weight of 
pigs decreases until a weight of about 
200 lbs. is reached. Up to this time, the 
increase in feed required per 100 lbs. 
gain is more than offset by the fact that 
the large amount of feed needed to pro- 
duce a pig up to weaning time, is dis- 
tributed over a greater final live weight. 

In this study the following amounts 
of total feed were required per 100 lbs. 
weight at the end of each period: To a 
live weight of 100 lbs., 496 lbs. feed per 
100 lbs. of pigs; to a weight of 150 lbs., 
459 lbs. feed per 100 lbs. of pigs; to a 
weight of 200 lbs., 448 lbs. feed per 100 
lbs. of pigs; and to a weight of 250 lbs., 
450 lbs. feed per 100 lbs. of pigs. These 
amounts include the feed eaten by the 
breeding herd, which must be charged 
to the pigs, and also the feed consumed 
by the pigs up to weaning time. ( 1493 ) 

Pigs of small, early-maturing type 
become excessively fat before they reach 
such heavy weights. They then require 


much more feed per 100 lbs. of total 
weight than larger- type pigs. 

It is emphasized later that when 
full use is made of good pasture the 
amounts of grain and supplements 
needed per 100 lbs. of gain are con- 
siderably less, thus decreasing the cost 
of pork production. ( 1453 ) 

1380. Weight at which to market 
pigs. — Under normal conditions, most 
pigs are marketed in the United States 
when weighing 225 lbs. or less. This is 
largely because our consumers have a 
decided preference for rather small cuts 
of pork that do not carry too much fat. 
Pigs that yield such pork therefore com- 
mand a premium over those that are 
heavier and fatter, unless there is an 
unusual demand for lard on the market. 
At present, we have a surplus of animal 
fats, instead of a scarcity. 

When pigs are carried to heavy 
weights, the dressing percentage in- 
creases, as is shown later. (1445) Also, 
the percentage of edible product in the 
carcass increases slightly. However, after 
a weight of 200 to 225 lbs. is reached, 
more than two-thirds of the additional 
edible product will be fat, and less than 
one-third lean meat. 3 

To some extent, the proportion of 
fat in such heavy pork cuts as loins, 
hams, and shoulders can be standardized 
by trimming off the excess fat, which is 
then processed for lard. However, even 
the lean meat from over-fat hogs has too 
much fat to suit most of our consumers. 

II. Nutrient Requirements 
of Swine 

1381. Importance of efficient ra- 
tions. — When swine are improperly fed, 
they are apt to suffer from severe nutri- 
tive deficiencies much more frequently 
than are cattle, sheep, or horses. One 
reason for this is because they are fed 
chiefly on grain in such countries as the 
United States, and they consume rela- 
tively little roughage, except when on 
pasture. For cattle, sheep, and horses, 
good roughage can largely and some- 
times entirely meet their needs for pro- 
tein, minerals, and vitamins. 

Swine also grow more rapidly than 
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these other animals, and they produce 
young when less mature. Their require- 
ments for protein, minerals, and vitamins 
are consequently increased. 

Differing from cattle, sheep, or 
horses, swine need high-quality protein 
in their rations. This is because there is 
little synthesis of good-quality protein 
in their digestive tracts, such as occurs 
in the rumen of cattle and sheep and in 
the caecum and large intestine of horses. 
(112) Similarly, the B-complex vitamins 
are synthesized in the digestive tracts of 
swine to a far less extent than in the 
case of these other animals. Because of 
these facts, in order to secure good re- 
turns from swine, they must be fed ra- 
tions that fully meet their nutrient needs. 

The hundreds of nutrition and feed- 
ing experiments conducted during the 
past score of years have revealed in de- 
tail the needs of swine for maximum pro- 
duction. These experiments have proved 
that it is exceedingly important to pro- 
vide swine, especially the breeding herd 
and young pigs, with good pasture when- 
ever possible. When pasture is not availa- 
ble, well-cured alfalfa or other legume 
hay is the most economical substitute. 

The most recent development in in- 
creasing the efficiency of pork production 
is the use of an antibiotic feed supple- 
ment to increase the rate of gain and re- 
duce the feed required per 100 lbs. gain 
by growing and fattening pigs. ( 1422 ) 

The great differences in the results 
from an inefficient ration and from a 
modem, complete ration were well shown 
by a recent Minnesota demonstration 
with pigs in dry lot. 4 Spring pigs fed an 
efficient ration from weaning until they 
reached 200 lbs. in weight, gained an 
average of 1.81 lbs. a day and required 
only 291 lbs. corn and 52 lbs. of com- 
plete supplement per 100 lbs. gain. Other 
pigs from the same litters, fed corn, 
tankage, minerals, and vitamin A-D sup- 
plement, but with no alfalfa hay, gained 
only 1,20 lbs. a day and required 13 per 
cent more feed per 100 lbs. gain. Still 
other pigs were fed corn with no protein 
supplement, but with supplements sup- 
plying minerals and vitamins A and D. 
On this unbalanced ration the pigs made 


very low gains, only 0.45 lb. a day, and 
required more than twice as much feed 
per 100 lbs. gain as did the pigs fed the 
modern ration. 

1382. Feeding standards ; digesti- . 
bility of feeds by swine. — The amounts, 
of dry matter, digestible protein, total 
digestible nutrients, calcium, phosphorus, 
and carotene advised per head daily for 
the various classes of swine are stated 
in the Morrison feeding standards in Ap- 
pendix Table III. For those desiring to 
compute rations according to the net- 
energy system, net-energy allowances are 
also given. The standards for growing 
and fattening pigs are for those that are 
full-fed, so as to make rapid gains in 
weight. 

These standards are designed for use 
with the values for digestible nutrients 
in various feeds that are given in Ap- 
pendix Table I. Relatively few digestion 
trials have been conducted with swine, 
in comparison with the large number 
that have been carried on with ruminants. 

It therefore seems wiser to the author to 
use in computing rations for swine the 
digestible nutrient values in Appendix 
Table I, than to use a separate set of 
values, computed from the limited data 
obtained in digestion trials with swine. 

There is not much difference in the 
ability of swine and of ruminants to 
digest concentrates that are not high in 
fiber. 5 Because of the great difference in 
the digestive tracts, swine digest a much 
smaller percentage of the fiber in feed 
than do cattle or sheep, or even horses. 

This difference is not important in 
the case of most concentrates, for they 
are relatively low in fiber. However, 
swine digest hay and other roughages 
much less completely than do ruminants. 

It is for this reason, as well as because of 
the limited capacity of their digestive 
tracts, that swine are not able to make 
as much use of roughage as do cattle, 
sheep, or horses. Pigs have much less 
ability to utilize roughage than do older 
swine, such as brood sows. 

The Morrison standards are based 
on studies by the author of the available 
data concerning the nutrient require- 
ments of the various classes of swine. 
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Due consideration has also been given grains. Legume hay and legume pasture 
to the feeding standard recommenda- . crops are also very rich in calcium, and 
tions that have been made by other other good swine pasture crops supply 
scientists, 6 especially to the report made much more calcium than do any of the 
by the special committee of the National grains or the grain by-products. 
^Research Council, which has been men- In addition to these virtues, good 

tioned previously. 2 pasture amply meets the vitamin needs 

1383. Importance of good pasture or of swine. Legume hay of excellent qual- 
Iegume hay. — Wherever possible, swine ity supplies plenty of carotene, and if 
should be provided with good pasture it is field-cured it also furnishes vitamin 
during the growing season and with well- D. Fully as important, good pasture and 
cured legume hay when pasture is not high-quality legume hay provide B-com- 
available. These are especially needed plex vitamins and certain unidentified 
for young pigs and for brood sows. Noth- vitamins or factors needed by swine, 
ing is more important in reducing the (1415) 



Good Pasture Prevents Nutritive Deficiencies 

Serious nutritive deficiencies may occur when sows are kept continuously in dry lot, 
even when well-balanced rations are fed. These deficiencies are prevented by good pasture. 


cost of pork production and in prevent- Full-fed growing and fattening pigs 

ing nutritive deficiencies. do not consume a large amount of dry 

As is explained later, there will roughage, even of excellent legume hay. 
generally be no deficiencies of vitamins Therefore, when pigs are fed liberally on 
when swine are fed sufficient well-cured com or other low-protein grain, they 
legume hay or when they are on good cannot eat enough of such roughage to 
pasture. (1406) balance the ration completely in protein 

These feeds also aid greatly in meet- content. In order to secure rapid and 
ing the protein requirements. This is be- economical gains, a sufficient amount of 
cause actively-growing pasture crops and an efficient, concentrated protein sup- 
also legume hay are fairly rich in protein, plement must hence be added to furnish 
and the protein of these forages is of such the proper amount of protein and also to 
kind that it helps to correct the de- supply protein of excellent quality, 
fieiencies in the protein of the cereal (1385—1391) 
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During the growing season, good of yellow corn, tankage or fish meal, 
pasture should be provided for swine, minerals, and 5 per cent of well-cured 
especially for young pigs and for brood alfalfa hay or dehydrated alfalfa meal, 
sows, because green forage and pasture The trouble is apt to be more serious 
conditions are definitely superior to leg- when no protein supplement of animal 
ume hay in meeting their nutritive es- origin, such as tankage or fish meal, is 
sentials. included in the ration. Such a supple- 

1384. Serious deficiencies with con- ment furnishes vitamin B 12 , which is re- 
tinuous dry-lot feeding.— Several investi- quired by swine ; ( 1414) 
gations have shown that it is hazardous These deficiencies are entirely pre- 

to confine swine continuously to a dry vented by good pasture. Also, increasing 
lot, without providing any pasture or the proportion of good alfalfa hay in 
other green feed. 7 In these experiments the ration for sows to 10 to 15 per cent 
serious nutritive deficiencies have often or even more is nearly as effective. 



Swine Not on Pasture Should Have Legume Hay 

Well-cured legume hay provides insurance against lack of vitamins. These sows are pro- 
vided with good alfalfa hay in the rack. (From J. P. Willman, Cornell University.) 

developed when brood sows have been The bad results are apparently due 

raised in dry lot and kept there con- to the lack of certain vitamins. There has 
tinuously. been a marked improvement when all 

This has occurred even when ra- the known B-complex vitamins have been 
tions were fed that would have been en- added in pure form to the rations. How- 
tirely satisfactory for sows which were on ever, increasing the alfalfa hay has been 
pasture part of the year. Many of the more beneficial than adding the pure 
pigs from the sows kept continuously in B-complex vitamins. This indicates that 
dry lot were born weak or dead. Also, the injuries are partly produced by a 
the milk of the sows was so deficient in lack of certain unidentified vitamins or 
amount or quality that a large propor- factors that are furnished by pasture and 
tion of the pigs born alive did not sur- by excellent legume hay. These are dis- 
vive * cussed in a later article, and informa- 

Such disaster even occurred when tion is given concerning supplements 
the sows were fed a well-balanced ration that provide them. ( 14X5) 
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Such deficiencies in dry-lot rations 
for sows are not prevented by adding a 
vitamin A-D supplement or any complex- 
mineral mixture. 

^ When pigs that are thrifty at birth 
|,are raised entirely in dry lot on a good 
* ration, but without pasture at any time, 
nutritive deficiencies sometimes develop. 
This may occur even when the pigs are 
fed such a ration as yellow corn and a 
trio-type supplemental mixture. (1418) 
Some pigs may become unthrifty and 
fail to make normal gains, and they may 
become lame or be unable to walk nor- 
mally, because of incoordination of move- 
ments. 

f Such troubles can nearly always be 
revented by giving the pigs a good start 
on pasture. Increasing the percentage of 
first-rate alfalfa hay in the ration to 10 
or 15 per cent also usually prevents the 
deficiencies. (1417) 

The deficiency troubles with brood 
sows and pigs confined to dry lot seem 
to be less apt to occur when a liberal 
amount of skimmilk is fed. Thus, in an 
Arkansas experiment satisfactory litters 
were raised in 2 successive generations 
by sows confined to dry lot and fed yel- 
low com and skimmilk, with irradiated 
yeast as a vitamin D supplement. 8 

1385. Protein of good quality es- 
sential. — In swine feeding it is fully as 
important to provide protein of good 
quality in the ration as it is to supply a 
sufficient amount of protein. (106) This 
is especially necessary for young pigs 
and also for brood sows that are nursing 
litters. 

None of the cereal grains furnishes 
protein of good quality, and the quality 
of protein in corn and the grain sorghums 
is apparently lower than that in wheat, 
barley, or oats. Skimmilk, other dairy by- 
products, fish meal, digester tankage, and 
meat scrap all provide protein that cor- 
rects the deficiencies of the protein in 
the cereal grains. Therefore any one of 
these feeds of animal origin can be used 
satisfactorily as the only protein supple- 
ment for swine. However, for swine not 
on pasture, legume hay should be in- 
cluded in the ration to provide vitamins. 

It is shown later in this chapter that 


even better results are secured when pigs 
not on pasture are fed such a protein 
supplement as a trio-type mixture than 
when the only supplement is tankage or 
meat scrap. (1418-1419) Likewise, even 
for pigs on pasture certain combinations 
of tankage and protein supplements of 
plant origin may be more efficient or 
more economical than tankage as the 
only supplement to grain. ( 1421 ) 

It has been emphasized in Chapter 
XXII that soybean oil meal which has 
been properly cooked in the manufactur- 
ing process is an excellent protein sup- 
plement for swine. (805) For swine on 
good pasture it is satisfactory as the only 
protein supplement, if a mineral mixture 
is supplied that furnishes calcium and 
phosphorus. For swine in dry-lot, legume 
hay should be included in the ration, as 
advised previously. Even better results 
are secured when soybean oil meal is 
used in one of the efficient protein sup- 
plements described later. 

Peanut oil meal which is low in fiber 
ranks close to soybean oil meal as a pro- 
tein supplement for swine, and may be 
used similarly. Peanuts and cooked soy- 
beans also correct the deficiencies in the 
protein of the grains. However, both of 
these feeds produce soft pork when too 
much, is included in the ration. (1446- 
1447) 

Part of the protein needed to bal- 
ance a ration for swine may be provided 
by a protein supplement that would not 
be satisfactory if used as the only sup- 
plement to cereal grains. For example, 
linseed meal or wheat middlings are very 
inefficient when used as the only protein 
supplement to corn for pigs in dry lot. 
However, when one of these supple- 
ments is used in combination with a 
limited amount of tankage, fish meal, or 
dairy by-products, excellent results are 
produced. 

The value and use in swine feeding 
of the various protein supplements are 
discussed in detail in the chapters of 
Part II. 

1386. Certain feeds unsatisfactory 
as only supplements. — Any ration made 
up of only corn or grain sorghum and 
grain by-products is very unsatisfactory 
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for pigs, even when a mineral mixture corn. (835, 855) This shows that better 
is supplied to furnish plenty of calcium quality protein is provided by the com- 
and phosphorus and when there is no 'bination of wheat or barley with one of 
, , , lack of vitamins A or D. For example, these supplements than by the eombina- . 

y! if pigs are fed yellow corn supplemented tion of com with the same supplement. r A 

by wheat middlings, corn gluten feed, 1387. Amounts of protein required. * 

corn gluten meal, rye feed, brewers’ dried — Because of their rapid growth, pigs 
grains, or distillers dried grains, they will need rations containing liberal propor- 
make poor and expensive gains, even if tions of protein. Unless care is taken to 
they are out in the sunlight (which will meet this requirement, they will make 
su PPty vitamin D) and if they are fed a slow arid expensive gains, 
suitable mineral mixture to provide addi- Young pigs require a much greater 

tional calcium and phosphorus. . proportion of protein than do those which 

The results will still be poor if the are older and are therefore storing less 
pigs are fed a mixture of corn and other protein and more fat in their bodies, 
grains supplemented by a combination (259) Often this fundamental fact is 
of two or more of these protein-rich grain overlooked, and pigs are fed the same 
by-products. Thus, a combination of proportion of protein supplement from 

corn, barley, oats, wheat middlings, and weaning time to market. If there is 

corn gluten meal furnishes protein of enough protein supplement in the mix- 

unsatisfactory quality for swine. ture to produce good growth when the 

Lmseed meal is no more effective p i gs are young, there will be considerably 
than wheat middlings as the only protein more than is needed after they reach 
supplement to corn in swine feeding, weights of 100 to 125 lbs. On the other 
Likewise, none of the following produces hand, if only a small proportion of sup- 
good results when used as the sole pro- plement is used throughout the entire 
tein supplement to corn in swine feed- period, the pigs will have too little pro- 

ing: Cottonseed meal, field peas, cow- tein while they are young to make rapid 

peas, field beans, coconut meal, or buck- and efficient gains, 

wheat middlings. If the pigs are fed Several recent experiments have 

choice legume hay in addition to corn, proved that if a ration furnishes ample 

these protein supplements will produce minerals and vitamins, growing and fat- 

better results than without the legume tening pigs need considerably less pro- 
hay. However, especially in the case of tein to produce rapid and efficient gains 

young pigs, the gains will be much more than was formerly thought necessary. 9 

rapid and economical if these supple- The greater gains of the pigs on higher 

ments are combined with such supple- levels of protein in the earlier experi- 
ments of animal origin as tankage, fish ments seem to have been due to the 

meal or dairy by-products larger amounts of B-complex vitamins 

Excellent pasture, like alfalfa, provided by the high-protein rations 
clover, or rape, furnishes a considerable rather than to more protein itself, 
amount of protein of good quality. On The amounts of digestible protein 

excellent pasture, even young pigs make recommended in the revised feeding 

fairly good gains on a ration consisting standards for growing and fattening pigs 
of corn, a suitable mineral mixture, and in Appendix Table III are based upon 
such a protein supplement as linseed the results of these recent experiments, 
meal or wheat middlings. However, it The protein requirements of brood 

generally pays to include a more efficient sows during pregnancy and during lac- 
protein supplement in the ration. tation are discussed in the next chapter. 

Experiments have shown that lin- (1456) 
seed meal or field peas are more satis- 1388. Percentages of total protein 

factory as the only protein supplement needed in swine rations. — Swine are 
to barley or wheat for pigs in dry lot, often fed a mixture of ground grain with 
han as the only protein supplement to the proper proportion of protein supple- 
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ments and also mineral and vitamin sup- When protein supplements are un- 

plements. In making up such mixtures usually high in price in comparison with 
it is therefore convenient to know the the cost of grain, it may be most eeo- 
/% percentage of total protein (not digestible nomical to feed a smaller amount of 

^protein) needed in the entire ration. supplement than is needed to produce 

> The special committee of the Na- the most rapid gains. 11 The law of dimin- 
tional Research Council has recom- ishing returns applies here, as it does 
mended, in its report on “Nutrient Re- in many phases of animal husbandry, 

quirements of Swine,” that rations for (1025) When added to a concentrate 

growing and fattening pigs should have mixture that has just enough protein to 
the following percentages of total pro- keep pigs thrifty, each additional pound 
™ tein: At a weight of 25 lbs., 18 per cent; of protein supplement added succes- 
at 50 lbs., 16 per cent; at 100 lbs., 14 sively to the mixture will have a lower 
per cent; at 150 lbs., 13 per cent; at 200 value than the previous pound. Finally, 
lbs. and above, 12.0 per cent. 2 when the mixture has sufficient protein 

For pregnant females and breeding to produce maximum gains, any addi- 
boars the committee has recommended a tional amount of protein supplement will 
total protein content of 15 per cent for be worth no more per pound than farm 
young stock and 14 per cent for adults, grain. (815, Appendix Table II) 

For lactating sows the recommended Catron of the Iowa Station has de- 

percentages are 15 per cent for gilts and veloped a convenient slide rule for find- 
14 per cent for adult sows. ing the most economical proportion of 

Swine on alfalfa or other protein- soybean oil meal and corn for feeding 
rich pasture of course need less protein pigs of various weights, with these feeds 
in the concentrate mixture than do those at different prices. 12 
in dry lot. The proportions of protein 1389. Amino acid requirements.— 

supplements required on pasture are in- The approximate percentages of all of 
dicated in the example rations given in the io essential amino acids required in 
Appendix Table VII. a ra tion for weanling pigs have been 

In the recent experiments on pro- determined in recent careful experi- 
tein requirements of growing and fatten- ments. 13 In these experiments various 
* n § P*§ s > which have been mentioned amounts of the amino acid being studied 
previously, sometimes rapid and efficient were added to a highly purified diet 
gains have been made on rations con- which was deficient in that amino acid, 
taming even less protein than advised a very limited amount of such informa- 
by the committee. However, low levels tion has been thus obtained concerning 
of protein tend to produce more fat and 

less lean in the carcass. This is unde- Amino acid requirements of 

sirable from the standpoint of the prefer- weanling pigs 

ence of our consumers for leaner pork 

* Percentage of 

CntS. Amino acid total ration 

The protein requirements of swine L- Arginine 1 0.20 

are actually chiefly requirements for suf- L-Histidine 0.20 

ficient amounts of the various essential L-Isoleucine 0.70 

amino acids, rather than a need for a L-Leucine 0.60 

certain amount of protein. Therefore a : 

lower percentage of protein will produce DL-Methionme 2 0.22 

~ j r u A ± * - £ DL-Phenylalamne 0.46 

good results when the protein is of ex- L _ Thre ' nine 0 .40 

cellent quality. For example, in an II- DL-Tryptophan 0.20 

linois experiment weanling pigs made L- Valine . . . 0.40 

rapid gains on a ration having only 10.2 x This leveI ' is adequate but ' the minimum re _ 

per cent protein, in which dried skim- quirement has not been determined. 

milk furnished practically all the pro- 2 This percentage of methionine is ample when 

. 10 1 . r a ration has the usual amount of cystine, which can 

partially replace methionine. 


ri ■ 
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the amino acid requirements of baby 
pigs. 14 Similar investigations have not 
been conducted with well-grown pigs. 

The preceding table states the ap- 
proximate amounts of the different es- 
sential amino acids needed for growth 
by weanling pigs. 

The percentage of protein needed 
in the diet for baby pigs is higher than 
for weanling pigs, and also the per- 
centages of the essential amino acids. 

1390. Correcting amino acid de- 
ficiencies. — Several experiments have 
beqn conducted recently with weanling 
pigjs to find whether there were any 
amino acid deficiencies in certain prac- 
tical rations. 15 In these studies the effect 
was determined of adding definite small 
amounts of the amino acid or amino 
acids that might possibly be deficient in 
the ration being tested. 

From these studies and other data, 
especially the information concerning the 
percentages of the essential amino acids, 
given in Appendix Tables Villa and 
VUIb, certain conclusions can be drawn. 
It must be borne in mind that the data 
concerning the minimum requirements 
for the essential amino acids are still 
limited, and that such tables as Appendix 
Tables Villa and VUIb can show only 
the approximate content of the amino 
acids in various feeds. 

First of all, the available data indi- 
cate there is not apt to be a deficiency 
of any amino acid in a ration where the 
protein comes from 3 or more good 
sources, and where a considerable part 
is supplied by such feeds as soybean oil 
meal, fish meal, or dairy by-products. 
This is especially true when alfalfa hay 
or alfalfa meal is included in rations 
for pigs not on pasture. 

A ration in which all the protein is 
furnished by corn grain and meat scrap 
or tankage is decidedly deficient in 
tryptophan for young pigs. This is shown 
by the fact that a combination of 84 lbs. 
com (Grade No. 2) and 16 lbs. meat 
scrap (55 per cent protein grade) will 
have 16 per cent protein, thus meeting 
the total protein requirement of weanling 
pigs. However, the corn-meat scrap mix- 
ture will have only about one-half as 


much tryptophan as young pigs need. 

The required amount of tryptophan 
could be supplied by adding the pure 
amino acid, but it is far too expensive 
to be used in a practical ration. There- f 
fore some natural protein supplement 
which is rich in tryptophan should re- 
place part of the meat scrap. 

Soybean oil meal, wheat standard 
middlings or shorts, and alfalfa hay or 
meal all have twice as much tryptophan, 
per pound of protein, as does meat scrap. 
(Appendix Table VUIb.) Including suf- 
ficient amounts of these feeds in the ra- 
tion will hence correct the tryptophan 
deficiency. 

A ration of com, meat scrap, soy- 
bean oil meal, and alfalfa will often 
furnish a little less methionine than the 
requirement stated in the preceding 
table. However, as shown later in this 
chapter, such a ration produces excel- 
lent results with young pigs, without 
any addition of methionine, (1418) 

A ration in which corn and Iow- 
gossypol cottonseed meal furnish all the 
protein is somewhat low in lysine and 
also in methionine for young pigs. It 
will be greatly improved by substituting 
soybean oil meal, meat scrap, tankage, 
fish meal, or fish solubles for part of the 
cottonseed meal. Further improvement 
will be made by including alfalfa for pigs 
not on pasture. The protein in all these 
feeds has much more lysine than there is 
in cottonseed meal protein. 

The results of the experiments have 
differed in which pure amino acids have 
been added to rations in which all of 
the protein has come from corn and soy- 
bean oil meal. In some trials adding 
lysine or methionine has been beneficial, 
but not in other tests. However, as is 
pointed out in Chapter XXII and also 
later in this chapter, the best results for 
young pigs in diy lot are usually secured 
when soybean oil meal is combined with 
such a supplement as meat scrap, tank- 
age, or fish meal. 

Milo and possibly other grain sor- 
ghums are even lower than corn in lysine. 
Therefore it is especially important to 
correct this lack by protein supplements 
rich in this amino acid. 
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As pointed out in Chapter V, me- 
thionine is the only pure amino acid yet 
available at a low enough price to war- 
a rant its use in practical rations. (128) 
^ Adding 1 lb. of methionine per ton to 
a formula feed would increase the me- 
thionine content 0.05 per cent at a cost 
of not over $3.00 per ton. 

1391. Self-feeding protein supple- 
ments free-choice. — Pigs show a remarka- 
ble ability to balance their rations in 
protein when they are self-fed corn or 
other low-protein grains and also self- 
fed separately certain single protein sup- 
plements or certain supplemental mix- 
tures. At early ages they eat enough of 
such a supplement to balance their ra- 
tion, and then gradually eat a smaller 
proportion of supplement as they grow 
older and their need for protein is less. 

This free-choice plan usually works 
excellently with pigs on pasture or in 
dry lot fed tankage, meat scrap, or fish 
meal as a single supplement to corn or 
sorghum grain, or when a trio mixture or 
a similar combination is self-fed with 
these grains. (1418-1420) 

Occasionally, the pigs may eat 
somewhat more supplement than they 
need, and once in a while they may not 
consume as much of the supplement as 
they should. However, the results from 
the free-choice method of feeding these 
supplements with corn will average fully 
as good or better than when time is taken 
to mix the proper proportion of supple- 
ment with ground corn or to hand-feed 
the supplement. 

The free-choice plan of self-feeding 
grain and protein supplement is not so 
well suited for use with barley, oats, or 
rye. With these grains less protein sup- 
plement is needed than with corn, for 
they contain somewhat more protein. 
However, the pigs often eat fully as much 
of the supplement as when they are self- 
fed corn. To avoid wastage of the protein 
supplement it is therefore necessary to 
mix the proper proportion of the supple- 
ment with the ground grain, or else to 
hand-feed the amount of supplement that 
is actually needed to balance the ration. 
Wheat is so palatable to pigs that they 
generally do not eat more than they 


need of such a protein supplement as 
tankage or fish meal, when they are self- 
fed wheat and the supplement, free- 
choice. 

When pigs are self -fed, free-choice, 
corn and certain protein supplements or 
supplemental mixtures, they are apt to 
eat much more of the supplement than 
they need, especially if they are on good 
pasture" This may occur with soybean 
oil meal or with such a mixture as one- 
half soybean oil meal and one-half meat 
scrap or fish meal. 

In such a case, ground legume hay, 
salt, or mineral supplement can be mixed, 
with the protein supplement in a pro- 
portion that will make the correct reduc- 
tion in the amount eaten. Another way 
of preventing waste of protein supple- 
ment is to hand-feed just enough to 
balance the ration. 

1392. Protein supplement needed in 
dry-lot. — Many experiments years ago 
proved that growing and fattening pigs 
in dry lot cannot make satisfactory gains 
or even remain thrifty on grain alone, 
without a protein supplement. Even 
when grain is fed with a mineral sup- 
plement, but without additional protein, 
the gains are slow and expensive. Some- 
times the pigs will become runts or even 
die because of the inadequate ration. 

Balancing the ration by the addi- 
tion of a good supplement will double 
the rate of gain in the case of young pigs. 
Also, each 100 lbs. of protein supplement 
will save 500 to 600 lbs. or more of corn, 
without considering the advantage of 
the more rapid gains. 

After pigs in dry lot have reached a 
weight of 175 to 200 lbs., they may 
make fair gains on com without a protein 
supplement, because their requirements 
for protein are then not high. However, 
the gains are usually much more rapid 
and also somewhat more economical 
when the use of a good supplement is 
continued until the pigs are marketed. 16 

On barley, wheat, or oats as the only 
feeds, or on these grains plus a mineral 
supplement, the gains may be some- 
what better than on corn, because these 
grains supply more protein and protein 
of somewhat better quality than does 
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com. However, in the case of pigs not on fed it will take at least 2 to 4 weeks 
pasture, the gains are greatly increased longer to get them to the same weights, 
by the addition of a sufficient amount of and during this time the price may de~ 
a good protein supplement to balance the cline 50 cents or more per hundred- * 
ration. weight. Because of the difference in sell-" 

Adding alfalfa hay or other legume ing price, it will usually be most profita- 
hay to corn for pigs not on pasture will ble to feed a supplement if pigs can 
generally permit fair gains and prevent thereby be hurried to market early in the 
serious nutritional trouble. However, as fall. 

has been shown in Chapter XVI, the Whether or not to feed a supple- 

gains on only corn and alfalfa hay are ment to later pigs will depend on the 

much less rapid and usually more ex- age of the pigs, on the rate of gain that | 
pensive than when such a supplement as is desired, and on the relative price of 
tankage or soybean oil meal is also fed. corn and of supplements. Except when 
(464) supplements are high in price in com- 

Because barley, wheat, and oats are parison with corn, it is probably best to 
higher than corn in protein, the results feed a supplement until the pigs reach 
are somewhat better when alfalfa hay is a weight of at least 100 lbs. 
fed as the only supplement to these Because Ladino clover pasture is 

grains. However, unless tankage and especially rich in protein and also very 
other efficient protein supplements are palatable to pigs, there is less advantage 
unusually high in price, it generally pays from feeding a protein supplement than 
to add a limited amount of such a sup- with pigs on most other pastures. 18 
plement to a ration of any of these grains Unless the pasture is excellent, good 

and good-quality alfalfa hay, especially gains cannot be secured without a sup- 
for pigs under 100 to 125 lbs. in weight. 17 plement. Thus, there is more advantage 
1393. Feeding a protein supple- hi feeding a supplement to pigs on grass 
ment on pasture.— When pigs are on pasture (such as bluegrass, timothy, or 
first-class pasture, considerable protein Sudan grass) than to pigs on excellent 
and protein of fairly-good quality is pro- legume or rape pasture. 19 
vided by the green forage they eat. Pigs The benefits from using tankage or 

will therefore make fair gains when full- some other efficient supplement for pigs 

fed corn on such pasture, without any full-fed corn on good pasture and also 

protein supplement, especially if a min- supplied with a mineral mixture, are 

eral mixture is provided to furnish plenty shown by the results of 23 experiments. 20 

of calcium and phosphorus. In these trials pigs which averaged 64 

However, pigs will not eat enough lbs. in weight at the start were full-fed 
pasturage in addition to a full feed of corn U P to market weights on legume or 
corn to balance their ration completely. ra P e pasture, and in addition were pro- 

The rate of gain will therefore be con- viaed with a mineral mixture that sup- 

siderably increased by adding an efficient P^ed calcium and phosphorus, 
protein supplement. Nevertheless, each The pigs fed tankage or another ef- 

100 lbs. of the supplement will save a ficient supplement gained an average of 
much smaller amount of corn than when 1*53 lbs. per head daily and required 

fed to pigs not on pasture. only 310 lbs. corn, 26 lbs. tankage or 

In the case of early spring pigs, the tankage equivalent, and 3 lbs. mineral 
increase in the rate of gain produced by mixture per 100 lbs. gain. Those fed no 
the supplement is more important than protein supplement gained 1,32 lbs. per 
the saving of corn. If such pigs are full- head daily and required 352 lbs. com, 
fed on corn plus a good supplement, they 4 lbs. mineral mixture, and 0.5 lb. tank- 
can be brought to market weights before age equivalent per 100 lbs. gain. (In a 
the severe slump in hog prices which few trials the pasture became exhausted 
usually occurs in late autumn. ( 1427 ) a few days before the pigs were ready 
On the other hand, if no supplement is for market. A protein supplement was 
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then fed to the pigs which had received 
no supplement previously. ) 

In these experiments each 100 lbs. 
of tankage or tankage equivalent saved 
> only 161 lbs. corn plus 4 lbs. of mineral 
mixture, if no value is placed on the 
difference in rate of gain. The pigs fed 
the protein supplement also undoubtedly 
ate a little less pasturage. 

If no mineral mixture is provided 
for pigs full-fed corn on good pasture, 
there is a somewhat greater advantage 


usually pay to add a supplement, unless 
maximum gains are desired. Up to this 
weight, it is generally best to feed a 
small amount of supplement, unless the 
pasture is unusually good or protein sup- 
plements are high in price. With these 
grains, pigs on pasture will often eat too 
much of the supplement if it is self-fed, 
free-choice. The proper proportion should 
therefore be mixed with the ground 
grain, or a small amount of the supple- 
ment should be hand-fed daily. 



Excellent Pasture Balances the Ration 

After pigs reach a weight of 100 to 125 lbs. they make good gains when fed only com 
and a mineral supplement on excellent pasture, such as this alfalfa pasture. 


in adding a protein supplement. For 
example, adding tankage to this ration 
for pigs averaging 60 lbs. in weight at 
the start increased the daily gain from 
1.13 lbs. to 1.46 lbs., on the average, in 
27 experiments. 21 In these numerous 
trials each 100 lbs. of tankage saved an 
average of 282 lbs. corn, not considering 
the difference in rate of gain. 

Experiments have shown that for 
pigs on good pasture that are fed barley, 
wheat, oats, or rye (which contain more 
protein than does corn) there is less 
benefit from adding a protein supple- 
ment. 22 After pigs fed these grains reach 
a weight of about 100 lbs., it does not 


When the pasture is good, 4 lbs. of 
tankage or fish meal of usual grades are 
enough per 100 lbs. of these grains for 
pigs under 100 lbs. in weight. If a sup- 
plement is fed to older pigs, not over 2 to 
3 lbs. of tankage or fish meal per 100 lbs. 
of grain are advisable. When the supple- 
ment is hand-fed to pigs getting barley, 
oats, wheat, or rye on good pasture, 0.2 
lb. per head daily of tankage or fish meal 
is sufficient. 

If pigs are fed only a limited amount 
of grain on good pasture, they will eat 
more of the green forage than when 
full-fed on grain. There will therefore 
be less benefit from adding a protein 
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supplement to the ration, and under usual 
conditions it will not pay to use a sup- 
plement, even when the grain is corn. 23 

1394. Feeding no protein supple- 
ment to well-grown pigs. — For pigs on 
good pasture, most of the advantage from 
feeding a supplement to corn and min- 
erals can be gained by using the supple- 
ment only until the pigs reach a weight 
of 100 to 125 lbs. Unless one wishes 
to get early spring pigs to market before 
the price drops in the fall, this method 
will usually be more economical than to 
feed the supplement until the pigs are 
marketed. 

In 6 experiments pigs on good pas- 
ture gained an average of 1.59 lbs. a 
day when fed a protein supplement to 
corn and minerals only up to a weight 
of 100 to 125 lbs., and then fed only corn 
and minerals. 24 When the supplement 
was fed until the pigs were ready for 
market, the average daily gain was 1.72 
lbs. The average cost of feed per 100 
lbs. gain was 31 cents less when no pro- 
tein supplement was fed during the final 
period. In these trials each 100 lbs. of 
protein supplement that was fed after 
the pigs reached a weight of 100 to 125 
lbs., saved only 95 lbs. corn and 5 lbs. 
of mineral mixture. 

1395. Fat; addition of fat to ra- 
tions. — Normal rations of grain and pro- 
tein supplements will always supply 
enough fat for efficient gains by growing 
and fattening pigs, even when the chief 
protein supplement is a solvent-process 
oil meal. While the minimum fat content 
of practical rations is therefore not impor- 
tant, soft pork is produced if the ration 
has too large a percentage of a kind of fat 
which produces soft body fat. The ex- 
tent to which such softening feeds as 
soybeans or peanuts can be fed without 
producing soft pork is discussed later in 
this chapter. (1446-1447) 

Pigs fed experimental rations con- 
taining but 0.5 per cent of fat made satis- 
factory gains and stored a normal amount 
of body fat. 25 This is far less than there 
is in any practical ration. However, pigs 
apparently require a certain very small 
amount of fat. (133) In Indiana experi- 
ments when young pigs were fed highly- 


purified rations having only 0.06 to 0.12 
per cent of fat, characteristic symptoms 
of fat deficiency developed. 26 These in- 
cluded unthriftiness, scaly, dandruff-like , 
dermatitis, and necrotic areas on the*'* 
skin. Adding only 1.5 per cent of corn 
oil to the ration brought recovery. 

Because of the low price of surplus 
by-product animal fats during recent 
years in this country, experiments have 
been carried on to find the effects of add- 
ing such fats to ordinary rations for 4 
growing and fattening pigs. 27 Adding up 
to 10 per cent of such grease or tallow 
to the ration has slightly increased the 
gain in some trials, but not in others. 
Such a fat addition tends to increase the 
proportion of fat in the carcass, which ii 
undesirable. 

Adding fat to the ration may de- 
crease slightly the amount of feed re- 
quired per 100 lbs. gain, because of the 
high energy value of fat. Whether the 
addition will be economical depends on 
the price of such fat in comparison with 
the cost of grain. 

The firmness of the fat in the car- 
cass is increased by adding tallow to the 
ration, but adding grease has the opposite 
effect. 

1396. Total digestible nutrients; 
fiber. — Swine have only limited capacity 
to consume roughage, and they do not 
digest the fiber of feeds well. Conse- 
quently, to produce rapid gains the ra- 
tions of growing and fattening pigs must 
consist chiefly of grain and other con- 
centrates, Because brood sows have more 
capacious digestive tracts, they can uti- 
lize a somewhat larger proportion of such 
excellent roughage as alfalfa hay, ( 1460 ) 

The total digestible nutrient re- 
quirements and also the desirable 
amounts of dry matter for swine of 
various classes are shown in the Morri- 
son feeding standards. (Appendix Table 
III.) 

Growing and fattening pigs usually 
make the most rapid gains and require 
the least feed per 100 lbs. gain when 
their rations do not contain more than 
about 5 to 6 per cent of fiber. 28 It is 
therefore not generally economical to use 
rations having a higher percentage of 
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fiber for such pigs, unless the prices of 
com, barley, wheat, or other feeds low 
in fiber are very high in comparison with 
the prices of feeds higher in fiber, such 
J>as oats or legume hay. 

This is shown by the experiments 
in which oats have been compared with 
corn for growing and fattening pigs. It 
has been shown in Chapter XX that when 
ground oats do not form more than one- 
fourth of the ration for pigs in dry lot, 
oats are worth about as much as corn 
per 100 lbs. (725) On the other hand, 
when oats are fed as the only grain, they 
are worth only 79 per cent as much as 
corn. 

Reducing the net-energy intake of 
pigs, especially during the last third of 
the growing and fattening period, will 
produce leaner carcasses than full-feed- 
ing a concentrated ration. This is im- 
portant where a considerable premium 
is paid, as in Canada, for pigs that yield 
high-quality bacon carcasses. 

The energy intake can be restricted 
by hand-feeding only enough of the con- 
centrate mixture to produce the desired 
rate of gain. However, when this is done, 
the greediest pigs may get more than 
their share, and consequently become too 
fat. As is pointed out later in this chap- 
ter, the energy supply to all of the pigs 
can be restricted more uniformly by in- 
cluding in the concentrate mixture a suf- 
ficient amount of some feed that is high 
in fiber, but still is nutritious. (1431) 

It is emphasized elsewhere in this 
chapter that it is important to include 
alfalfa or other legume hay in the rations 
for swine not on pasture, especially for 
brood sows and for young pigs. (1383, 
1417 ) Except possibly when legume hay 
is very cheap in comparison with grain, 
the desirable proportion of legume hay 
for growing and fattening pigs is from 5 
to 15 per cent, depending on the danger 
of vitamin deficiencies in the ration. 
The proportion of legume hay for brood 
sows can be higher, as shown in the next 
chapter. (1460) 

Recent Nevada experiments have 
been conducted to find how much very 
early-cut, excellent-quality alfalfa hay, 
having not over 25 per cent fiber, could 


be satisfactorily included in rations for 
growing and fattening pigs. 29 Young pigs 
were early accustomed to a considerable 
proportion of such alfalfa by including 
25 per cent in the creep-fed mixture. 
This apparently enlarged the capacity of 
the digestive tract for roughage. 

From weaning time to market, pigs 
made fair gains on rations having as 
much as 50 per cent of the unusually 
good alfalfa hay. In 2 trials pigs gained 
1.10 lbs. per head daily on such a ra- 
tion, in comparison with 1.45 lbs. gain 
made by pigs fed a normal ration. On 
the high-alfalfa ration 20 per cent more 
feed was required per 100 lbs. gain. 

1397. Minerals. — It is shown in the 
following articles that the minerals which 
commonly need consideration in swine 
feeding are salt, calcium, and phosphorus. 
In iodine-deficient areas, brood sows 
need iodized salt or some other iodine 
supplement to prevent hairless pigs. To 
avoid anemia when suckling pigs are con- 
fined without access to pasture or soil, 
traces of iron and copper must be sup- 
plied by such a method as is described 
later. 

The addition of trace minerals to 
rations has been discussed in Chapter VI 
and further information is given later in 
this chapter. (1404) 

1398. Salt. — Although swine need 
less salt than do cattle, horses, or sheep, 
they should be supplied with it regularly, 
unless the feeds in the ration furnish 
enough. The best plan is to let them have 
access to salt in a suitable box or trough. 
When salt is thus fed, pigs will eat as 
much as 0.3 ounce per head daily. 

Swine are apt to eat less block salt 
than flake salt. When block salt is used, 
it is best to include 20 per cent of salt 
in the calcium-phosphorus mineral mix- 
ture, if such a mixture is also provided. 
When salt is mixed with the entire ra- 
tion, not over one-half pound of salt 
should be added to each 100 lbs. of feed. 
If pigs have not had salt for some time, 
they may at first eat too much if given 
free access to it. 

When tankage, meat scrap, or fish 
meal is fed as the only or the chief pro- 
tein supplement, there may be little or 
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no benefit from supplying additional salt, 
because of the salt these feeds normally 
contain. 30 On the other hand, it is very 
necessary to provide salt for swine fed 
a ration made up wholly or almost en- 
tirely of feeds which are of plant origin. 

The great benefit from adding salt 
to such rations is well shown by recent 
Indiana and Wisconsin trials. 31 In 2 
Indiana experiments pigs made an aver- 
age daily gain of only 0.86 lb. and re- 
quired 562 lbs. of feed per 100 lbs. gain 
when fed yellow corn, soybean oil meal, 
and a mineral mixture containing no 
salt. Other pigs supplied salt in addition 
gained 1.61 lbs. and needed only 363 
lbs. of feed per 100 lbs. gain. The benefit 
from supplying salt was somewhat less 
in a similar Wisconsin test. 

From Wisconsin experiments it was 
concluded that rations for growing and 
fattening pigs should have 0.08 to 0.10 
per cent sodium and 0.12 to 0.13 per 
cent chlorine. 32 Though the requirement 
for chlorine is apparently slightly higher 
than for sodium, the chief deficiency in 
a ration of grain with plant protein sup- 
plements is sodium, rather than chlorine. 
This is because the grains contain con- 
siderably more chlorine than they do 
sodium. 

Salt poisoning of pigs may occur if 
pigs have access to brine or unusually 
salty whey, with no other water availa- 
ble. 33 

1399. Calcium. — With the excep- 
tion of salt, calcium is the mineral nu- 
trient that is most apt to be lacking in 
swine rations. This is because all the 
grains and their by-products and also 
practically all protein-rich concentrates 
of plant origin are low in calcium. For- 
tunately, tankage, meat scrap, fish meal, 
skimmilk, buttermilk, legume forage 
(pasturage and hay), and rape forage all 
are rich in calcium. Whether or not 
there will be any need of supplying swine 
with a calcium supplement will there- 
fore depend entirely on the ration that 
is fed. 

In experiments at the Kansas Sta- 
tion with growing and fattening pigs, a 
calcium content of 0.45 to 0.50 per cent 
in the entire ration on the air-dry basis 


was sufficient when the ration had ample 
phosphorus and when the pigs were ex- 
posed to sunlight, so there was no de- 
ficiency of vitamin D, 34 In similar Wis- 
consin trials a calcium content of only- 
0.32 to 0.41 per cent was enough to pre- 
vent any symptoms of deficiency. 35 In 
Missouri studies it was concluded that 
the rations of brood sows should have at 
least 0.40 per cent of calcium. 36 

From the results of these and other 
experiments Bohstedt of the Wisconsin 
Station concluded that when swine have 
access to outdoor lots, so they have ex- 
posure to sunlight, growing and fatten- 
ing pigs need no more than 0.45 per 
cent calcium and breeding stock 0.50 
per cent. 37 The author has based the 
calcium allowances for swine in the feed- 
ing standards in Appendix Table III 
mainly on these conclusions. 

Somewhat higher allowances have 
been recommended in the report of the 
special committee of the National Re- 
search Council which has been men- 
tioned previously, 2 and also in a report 
from the Iowa Station, 38 The author has 
not placed his recommendations at these 
higher levels, because there seems to be 
no experimental evidence of any calcium 
deficiency occurring on the levels stated 
by Bohstedt. 

The Wisconsin experiments show 
that it decreases the gains and the feed 
efficiency if too much calcium is added 
to a ration. Also, too much calcium tends 
to cause parakeratosis in pigs. (181) 

The proportion or ratio between 
the amounts of calcium and of phos- 
phorus is important in rations for swine. 
(152) From his and other experiments 
Bohstedt concludes that the calcium- 
phosphorus ratio should be between 
1.1:1 to 1.5:1. In other words, there 
should be 1.1 to 1.5 parts of calcium to 
each part of phosphorus. 

There will usually be no lack of 
calcium when swine are fed sufficient 
tankage, meat scrap, or fish meal to bal- 
ance their rations. On the other hand, a 
calcium supplement is essential when 
corn or other grain is fed with a protein 
supplement low in calcium, such as soy- 
bean oil meal, linseed meal, or wheat 
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middlings. This is especially important 
for pigs not on pasture. 

There is not likely to be a lack of 
calcium when swine are on legume or 
"Tape pasture, even when fed grain and a 
protein supplement low in calcium. How- 
ever, pigs hogging down peanuts need a 
calcium supplement to prevent a serious 
lack of the mineral. 39 Ohio experiments 
indicate that for pigs not on pasture a 
ration of corn supplemented by the usual 
amount of skimmilk may not supply quite 
enough calcium for the best results with 
young pigs. 40 

1400. Phosphorus. — There is much 
less apt to be a lack of phosphorus in 
swine rations than of calcium, because 
most protein-rich supplements are rich in 
phosphorus. Also, though the cereal 
grains are not rich in phosphorus, they 
contain much more phosphorus than cal- 
cium. Tankage, meat scrap, and fish meal 
are especially rich in this mineral, and 
skimmilk, buttermilk, and wheat mid- 
dlings, wheat bran, linseed meal, and cot- 
tonseed meal are also high in phosphorus. 
Soybeans, soybean oil meal, and peanut 
oil meal contain considerably more than 
do the cereal grains. 

In Kansas and Illinois experiments a 
phosphorus content of 0.27 to 0.30 per 
cent on the air-dry basis was sufficient 
in rations for growing and fattening pigs 
which had ample calcium and when 
there was no lack of vitamin D. 41 

Bohstedt of the Wisconsin Station 
concludes from the results of his and 
various other experiments that in the 
case of swine with some exposure to sun- 
light by access to outside lots, 0.33 per 
cent of phosphorus is adequate for grow- 
ing and fattening pigs and 0,40 per cent 
for breeding swine. 37 

The author has followed these 
recommendations in the main in the al- 
lowances of phosphorus stated in Appen- 
dix Table III, instead of higher levels 
stated in the report of the special com- 
mittee of the National Research Coun- 
cil 2 or in a recent report from the Iowa 
Station. 38 He has done this because no 
phosphorus deficiency has been reported 
when swine, handled under practical 
conditions, have received only as much 


phosphorus as recommended by Boh- 
stedt. 

If swine have no exposure to sun- 
light and are fed a ration deficient in 
vitamin D, there should be a somewhat 
higher level of phosphorus in the ra- 
tion. 42 However, this is not a practical 
way to feed swine, 

Indiana and Iowa experiments show 
that phytin phosphorus, which forms a 
considerable part of the phosphorus in 
many feeds of plant origin, is not quite 
so well utilized by pigs, as is phosphate 
phosphorus, such as in bone meal or 
mineral phosphorus supplements. 43 ( 151 ) 
However, pigs apparently utilize phytin 
phosphorus much better than do poul- 
try. In Wisconsin experiments growth, 
fattening, and reproduction were satis- 
factory on rations in which all the phos- 
phorus came from grain and other plant 
sources, and the phosphorus level was 
no higher than previously stated. 

Several experiments have shown 
that when corn or other grain is supple- 
mented chiefly or entirely with soybean 
oil meal or soybeans, a mineral supple- 
ment should be added that furnishes both 
calcium and phosphorus. 44 The chief 
mineral deficiency in such a ration is cal- 
cium. However, the addition of ground 
limestone or another calcium supplement 
does not produce as good results as the 
use of bone meal or a combination of 
limestone and bone meal. 

The various phosphorus supple- 
ments have been discussed in Chapter 
VI. (158-169) For continued feeding, a 
phosphorus supplement having a danger- 
ous amount of fluorine should not be 
used as the chief source of phosphorus. 
When added to a phosphorus-deficient 
ration for pigs, soft phosphate with col- 
loidal clay (colloidal phosphate) has in 
some trials produced less rapid growth 
than bone meal or dicalcium phosphate. 43 
In an Iowa trial colloidal phosphate pro- 
duced weaker bones than the other phos- 
phorus supplements. In an Indiana ex- 
periment it caused pitting and decay of 
the molar teeth, because of the high 
content of fluorine. 

1401. Adding calcium or phospho- 
rus supplements. — Numerous experi- 



858 


FEEDS AND FEEDING 


ments have proved that there is generally 
no decided advantage in adding a cal- 
cium or phosphorus supplement to a well- 
balanced swine ration consisting of grain 
with tankage, meat scrap, fish meal, 
or skimmilk as the chief supplement. 45 
In some cases, pigs have made slightly 
more rapid or economical gains when fed 
the mineral supplements in addition to 
salt, but in other tests there has been no 
benefit whatsoever from the calcium or 
phosphorus supplements. Similar results 
have been secured in experiments with 
brood sows and with gilts being raised 
for the breeding herd. 

Since there has been a slight benefit 
from these mineral supplements in some 
cases, it may be wise to provide a suita- 
ble mineral mixture where swine can 
have access to it, even when they are 
fed such good rations. However, it should 
be understood that on these rations ex- 
cellent results will be secured without 
the calcium and phosphorus supple- 
ments, and often there will be no ad- 
vantage from their use. 

There is more apt to be a slight 
benefit from the addition of mineral sup- 
plements to efficient rations for swine 
that are not on good pasture. Also, there 
is probably more advantage from provid- 
ing such mineral supplements for brood 
sows and for young pigs fed good ra- 
tions than for fattening pigs. 

When there is a definite lack of cal- 
cium or phosphorus in the ration, then 
the mineral need must be met, or un- 
satisfactory results will be secured. 46 If 
the lack is pronounced, rickets will be 
caused and disaster may follow. Brood 
sows suffering from a serious deficiency 
of either of these minerals are unable to 
produce thrifty offspring. Many pigs will 
be born dead or weak, and the sows may 
be unable to provide an adequate supply 
of milk for those that appear normal at 
birth. 

A supplement such as bone meal, 
which furnishes both phosphorus and 
calcium, should be provided when pigs 
on pasture are fed only corn or other 
grain, without any protein-rich concen- 
trate, or when pigs in dry lot are fed 
only corn or grain sorghum with alfalfa 



or other legume hay. 47 A mineral supple- 
ment is less advantageous in the case 
of barley, wheat, or rye, as these grains 
contain somewhat more of these min- 
erals. 48 

A good method of supplying a min- 
eral supplement is to let the swine have 
access to a suitable mineral mixture in 
a box or self-feeder, so they can take as, 
much as they desire. ( 186 ) Experiments 
have shown that it is unwise to mix with 


the concentrates a considerably greater 
amount of mineral supplement than is 
actually needed. 

For example, in Texas trials pigs 
did better when 1 per cent of ground 
limestone was added to corn supple- 
mented with a plant-protein supplement 
than when more limestone was added. 49 


% 


Similarly, in Wisconsin tests 1 per cent 
of bone meal or equal parts of ground 
limestone and bone meal gave better re- 
sults than a larger amount of mineral 
supplement, when added to corn and soy- 
bean oil meal. 50 


It has been pointed out previously 
in this chapter that in swine rations it is 
important to have a proper calcium- 
phosphorus ratio. (1399) 


1402. Iodine; prevention of goiter or 
hairlessness in pigs. — In regions where 
there has been trouble from goiter in 
new-born pigs, or so-called ‘'hairless 
pigs,” it can readily be prevented by 
supplying the brood sows with iodized 
salt instead of ordinary salt, during at 
least the last 12 weeks of pregnancy. 
(170) Even in border-line areas where 


there are rarely definite cases of hair- 
lessness in new-born pigs, there may be 
a decided benefit from supplying the 
sows with iodized salt. ( 171 ) 

In areas where there is definite lack 
of iodine and frequent cases of goiter 
in livestock, it is probably wise to use 
iodized stock salt instead of common salt 
for brood sows throughout the year and 
also to use this salt for growing and fat- 
tening pigs. On the other hand, there is 
no benefit from using iodized salt in 
areas where there is no deficiency of 
iodine. 51 


1403. Anemia in suckling pigs. — It 
has been explained in Chapter VI that 
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if suckling pigs are kept in pens or paved 
lots, away from contact with soil or sod, 
serious losses will often occur from 
anemia (lack of red blood cells) caused 
T>y a deficiency of iron and copper, un- 
less special precautions are taken. (174) 
If the young pigs have access to pasture 
or even to the soil in an exercise plot, 
they begin to eat forage or to nibble at 
lumps of dirt within a few days after 
birth and thus get the exceedingly small 
amounts of these minerals necessary to 
prevent anemia. 

When they do not have access to 
pasture or dirt, however, the number of 
red blood cells and the amount of 
hemoglobin in the blood decline rapidly, 
and often death results at from 3 to 6 
weeks of age. In white pigs the anemic 
condition is clearly visible in the lack of 
a healthy pink color of such parts as 
the ears and nose. Anemic pigs usually 
have little appetite, are weak and in- 
active, and in severe cases breathe in 
the labored manner commonly described 
as "thumps.” If they survive for 6 weeks, 
they usually recover from the anemia, be- 
cause they then eat considerable food 
other than milk. However, pigs that have 
had anemia generally do not make good 
gains for a period of several weeks. 

Anemia is especially apt to occur 
with pigs farrowed in the winter or early 
spring in the northern states, because the 
weather is then usually so cold that the 
young pigs do not get outdoors to any 
great extent. Also, they generally have no 
access to pasture, and the dirt in exer- 
cise paddocks may be covered with snow. 

Several investigations have been 
conducted to find practical methods of 
preventing anemia in suckling pigs. 52 
Anemia can readily be prevented by 
swabbing or spraying the udder of the 
sow regularly once daily with a saturated 
solution of ferrous sulfate or other solu- 
ble iron salt until the pigs are 4 to 6 
weeks old, and also allowing them access 
to a palatable concentrate mixture, to 
each 100 lbs. of which has been added 
0.1 lb. of the iron salt. 

The iron solution may be prepared 
by dissolving as completely as possible 1 
lb. of ferrous sulfate in a quart of hot 


water. The ordinary grade of ferrous sul- 
fate supplies the very small amount of 
copper needed to prevent anemia. An- 
other method is to give each pig a dose 
by mouth of the iron solution once a 
week. 

A less bothersome method that gen- 
erally prevents anemia is to put fresh 
sod or soil in the pen at frequent inter- 
vals. The pigs will usually root about 
this and nibble at it, thus getting the 
necessary traces of iron and copper. 

Care should be taken to get the sod 
or soil from a spot where swine have not 
grazed for more than a year, to make sure 
that it does not cany die eggs of round 
worms or other parasites. Extremely 
sandy soil that is very low in iron should 
not be used, unless iron salt is sprinkled 
on it. 

Anemia cannot be prevented by 
adding an iron salt to the ration fed the 
sow, because this does not increase the 
iron content of the milk. Also, adding an 
iron salt to the ration during pregnancy 
does not increase the store of iron in the 
bodies of the pigs at birth enough to pre- 
vent anemia. 

1404. Trace minerals. — The differ- 
ent trace minerals have been discussed 
in detail in Chapter VI, and it is there 
pointed out that trace mineral deficiencies 
are area problems. In an area where there 
is a deficiency of cobalt, copper, or any 
other trace mineral, it is essential that 
the lack be corrected. 

In areas where there are no trace 
mineral deficiencies, there is no need of 
supplying trace minerals for swine on 
good pasture. They undoubtedly secure 
plenty from the forage and the soil Even 
in areas where there are no definite trace 
mineral deficiencies, there seems to be 
more often a benefit from a trace mineral 
supplement for pigs kept in dry lot, than 
there is in the case of cattle or sheep. 
This is probably because cattle and sheep 
eat so much more roughage. 

In several experiments there have 
been increases in rate and efficiency of 
gains from adding trace minerals to well- 
balanced rations for pigs fed in dry lot. 53 
However, in some trials there has been 
little or no benefit from supplying trace 
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minerals. 54 There is more apt to be an 
appreciable benefit from trace minerals 
with a ration containing no meat scrap, 
tankage, or fish meal, than when there 
is one of these animal products in the 
ration. 

In the studies on trace minerals a 
mixture of these minerals has usually 
been fed, and consequently the informa- 
tion is limited as to which trace minerals 
have actually been beneficial, where im- 
provement has occurred. In some trials 
where the effect of different trace min- 
erals has been tested, a cobalt supple- 
ment or a combination of cobalt and 
copper has produced a definite benefit. 

In some experiments with growing 
or fattening pigs there has been no bene- 
fit whatsoever from adding an iron sup- 
plement to ordinary rations, and in other 
tests the apparent benefit has been very 
slight. 55 It therefore seems doubtful 
whether such an addition will generally 
be profitable. 

Information is given in Chapter VI 
concerning the manganese requirement 
of swine. (180) Also, the recent studies 
are there summarized which have shown 
that parakeratosis, a mange-like disease 
in pigs, can be prevented and cured by 
adding a zinc supplement to the ration. 
(181) As is stated there, a ration that 
has an excessive amount of calcium in- 
creases the occurrence of parakeratosis. 

Trace minerals can be provided by 
using trace mineralized salt instead of 
ordinary salt. Also, the commercial min- 
eral mixtures for swine now generally 
contain trace minerals. 

1405. Simple vs. complex mineral 
mixtures. — Whenever swine are fed a 
ration that is definitely lacking in one 
or more of the essential mineral nutrients 
which have been discussed, the de- 
ficiency can readily be corrected by giv- 
ing them access to a mineral mixture that 
supplies the specific minerals that are 
lacking. The formulas for various simple 
mineral mixtures which are well suited 
for swine are given in Chapter VI. (186) 

If calcium is the only mineral that 
is lacking, there is no need of including 
in the mineral mixture bone meal or 
other supplements supplying phosphorus 


in addition to calcium. Merely such a 
cheap mixture as ground limestone and 
salt will be just as satisfactory. On the 
other hand, when there is a lack of both 
calcium and phosphorus, then a mineral* 
mixture should obviously be used that 
supplies both of these nutrients. 

The excellent results that have been 
secured in experiment station tests and 
on farms with simple mineral mixtures 
show definitely that there is no need of 
using more complex mineral mixtures 
containing such additional ingredients as 
sulfur, charcoal, coal, sodium carbonate, 
Glaubers salts, Epsom salts, etc. 56 

1406. Vitamin requirements. — Vita- 
min A and vitamin D are of great im- 
portance in swine feeding, as is shown 
in the following articles. Fortunately, 
swine that are on good pasture have their 
vitamin A requirements amply met 
through the high carotene content of 
green forage, and their vitamin D needs 
taken care of by the anti-rachitic effect 
of sunlight. In the case of swine not on 
pasture, the vitamin A and vitamin D 
requirements can be readily met by using 
field-cured legume hay as a vitamin sup- 
plement. 

It is shown later that a supplement 
furnishing B -complex vitamins is not gen- 
erally needed for swine fed balanced ra- 
tions on good pasture. (1410) High- 
quality legume hay is the best substitute 
for pasture. Legume hay not only sup- 
plies carotene and vitamin D, but also 
B-complex vitamins, except vitamin B 12 . 

( 1383 ) It also furnishes certain unidenti- 
fied vitamins or factors, which are es- 
sential for swine and which may be 
lacking in some dry-lot rations. (1415) 

So far as is known, there is no de- 
ficiency of vitamin E in ordinary swine 
rations. Swine are able to synthesize 
ample vitamin C in their bodies and do 
not need a supply in their feed. 

1407. Vitamin A and carotene. — 
Vitamin A is of great importance in pork 
production, because swine which are not 
on pasture may suffer seriously from a 
deficiency of it. 57 The effects of a lack 
of vitamin A have been discussed in 
Chapter VII. (192) 

Feeds of plant origin owe any vita- 
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min A value they may have to carotene 
content, for they do not contain vitamin 
A. The vitamin A requirements of swine 
are therefore commonly stated in terms 
’of carotene. 

Swine on green pasture are abun- 
dantly supplied with carotene. On the 
other hand, a deficiency is apt to occur 
when they are fed only grain and other 
concentrates, unless the grain is yellow 
corn. As is emphasized later in this chap- 
ter, any lack of carotene can readily be 
prevented by including good-quality al- 
falfa or other legume hay in the rations 
of swine in dry lot. 

When swine have an abundant sup- 
ply of carotene, as they do on good pas- 
ture, they store considerable amounts of 
vitamin A in their liver and other tissues. 
Because of this store, brood sows and 
well-grown pigs that have been on good 
pasture in summer may not show any 
marked deficiency of vitamin A, even if 
fed for some time in winter a ration lack- 
ing in vitamin A value. 

The special committee of the Na- 
tional Research Council, in their report 
mentioned previously, recommends 2.0 
milligrams of carotene daily per 100 lbs. 
live weight for growing and fattening 
pigs. 2 For growing breeding stock and 
especially for lactating gilts and sows 
much more carotene is advised per 100 
lbs. live weight. The author has mainly 
followed these recommendations in the 
feeding standards given in Appendix 
Table III. 

In its report the committee has also 
stated the amounts of carotene recom- 
mended per pound of air-dry feed, as 
follows: For breeding stock, 2.5 milli- 
grams per pound of feed; for 25-lb. pigs, 
0.25 milligram per pound of feed; and 
increasing to 0.60 milligram per pound 
of feed for 250-lb. pigs. The amount of 
carotene per pound of feed is increased 
as the pigs grow larger, because they eat 
less feed per 100 lbs. live weight, and it 
is believed that the carotene needs are 
proportional to the live weight. 

It is believed that these allowances 
provide a considerable margin of safety 
under usual conditions. Much smaller 
amounts of carotene have been sufficient 


in experiments with pigs and with brood 
sows, conducted to determine the mini- 
mum requirements. 58 

It has been explained previously that 
the measurement of vitamin A value in 
terms of International Units is based 
upon experiments with rats. (194) Swine 
are much less efficient than rats in utiliz- 
ing carotene to meet their vitamin A 
needs. They therefore require about 2.5 
times as many International Units of 
vitamin A value when it is furnished by 
carotene, as when it is supplied by vita- 
min A itself. 59 

Brood sows fed rations seriously de- 
ficient in vitamin A may fail to come in 
heat or may not conceive when bred. If 
they do become pregnant, the pigs are 
apt to be born dead or very weak. 

If pigs are fed a ration that is satis- 
factory, except for a lack of vitamin A, 
they may make excellent gains at first 
and then die later from pneumonia, 
brought on by lack of the vitamin. Some- 
times vitamin A deficiency in swine may 
be confused with rickets, which is caused 
by a lack of vitamin D or a deficiency of 
calcium or phosphorus. 

In both cases pigs may become para- 
lyzed so they cannot rise to their feet. 
In vitamin A deficiency the condition is 
caused by degeneration of the nervous 
system, resulting in lack of control of the 
legs, instead of inability to move them. 
In walking, the pigs have a peculiar 
jerky gait, in which the rear legs are 
thrown out to the side. One of the first 
symptoms of vitamin A deficiency is often 
marked restlessness. Later, the pigs may 
have severe spasms and also show char- 
acteristic impairment of vision. 

1408. Vitamin D. — Before vitamin 
D was discovered, swine in this country 
often suffered severely from rickets when 
they were confined and had no access to 
sunlight. As stated in Chapter VII, the 
most characteristic symptom of rickets in 
pigs is stiffness of the legs, especially of 
the hind legs. In severe cases, the hind 
legs are often paralyzed, because of 
which condition the disease was some- 
times called ‘posterior paralysis.” 60 

When swine are allowed to run out- 
doors for a considerable part of the day, 
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where they are exposed to sunlight, the 
ultra-violet rays in the sunlight usually 
provide them with plenty of vitamin D, 
even in winter. (201) In Minnesota ex- 
periments, pigs suffering from rickets 
produced by a lack of vitamin D re- 
covered to a marked extent when ex- 
posed to sunlight in winter for only 45 
to 90 minutes a day. 61 

When the ration has an ample 
amount of calcium and phosphorus and 
also has a proper calcium-phosphorus 
ratio, swine require much less vitamin D 
than under other conditions. (152) Be- 
cause of their rapid bone formation, pigs 
that are growing very fast require more 
vitamin D than those that are growing 
more slowly. 

The various breeds of swine seem to 
differ remarkably in their vitamin D re- 
quirements. If they have plenty of cal- 
cium and phosphorus, white pigs, at least 
those of the Yorkshire and the Danish 
Landrace breeds, may not have any 
symptoms of vitamin D deficiency un- 
der conditions where black or red pigs 
would be seriously affected. This may be 
due partly to greater penetration of ultra- 
violet light into the tissues and a conse- 
quent greater storage of vitamin D by 
white pigs, during any period when they 
may have been exposed to sunlight. 

In Canadian experiments Yorkshire 
pigs did not show any symptoms of vita- 
min D lack when confined indoors from 
weaning time and fed rations practically 
devoid of vitamin D, but supplying am- 
ple calcium and phosphorus. 62 Also, the 
skeletons of these pigs had a normal min- 
eral content. 

In the report of the special commit- 
tee of the National Research Council, re- 
ferred to previously, rations containing 
90 International Units of vitamin D per 
pound of feed are advised for swine not 
exposed to sunlight. 2 The requirement 
for white breeds is apparently much less. 

All common concentrates used for 
swine feeding are deficient in vitamin 
D. No appreciable amount is supplied 
by any of the grains or other seeds, by 
any of the common concentrates of plant 
origin, or by tankage, meat scrap, skim- 
milk, buttermilk, or whey. (204) Some 


fish meal may supply vitamin D, but it 
cannot be relied on as a source, unless 
the vitamin D content is known. 

Unless pigs are closely confined and 
have no access to direct sunlight, an* 
ample amount of vitamin D to prevent 
rickets even in winter is usually supplied 
when 5 per cent or more of good-quality 
field-cured alfalfa or other legume hay 
is included in the ration. The use of leg- 
ume hay for this purpose is discussed in 
detail later in this chapter. (1417) 

If pigs are closely confined, it may 
be advisable to add a vitamin D supple- 
ment, even when the ration contains 5 
per cent of field-cured legume hay. 63 It 
should be borne in mind that although 
dehydrated legume hay is usually richer 
in carotene than field-cured hay,' it gen- 
erally has very little vitamin D. (204) 

1409. Vitamin A or D supplements. 
— When good legume hay cannot be pro- 
vided for pigs or brood sows kept in dry 
lot, a vitamin A or vitamin D supplement 
should be used. 

Cod-liver oil or cod-liver-oil concen- 
trate supplies both vitamin A and vitamin 
D. Including 0.50 to 1.00 per cent of 
cod-liver oil or 0.125 to 0.25 per cent of 
cod-liver-oil concentrate in a ration for 
pigs furnishes sufficient of these vita- 
mins. 64 Irradiated yeast is an effective 
vitamin D supplement for swine, but 
does not furnish vitamin A. Synthetic 
vitamin A is an effective vitamin A sup- 
plement, but of course has no vitamin D 
value. 

Sometimes the inclusion of 5 per 
cent of field-cured alfalfa hay in a winter 
ration does not supply quite enough 
vitamin D for pigs which do not have 
much exposure to sunlight. Experiments 
were therefore conducted during 4 win- 
ters at the New York (Cornell) Station 
to find whether there would be a benefit 
from adding cod-liver oil or cod-liver-oil 
concentrate to a good ration containing 
5 per cent of alfalfa hay. 65 During favora- 
ble weather, the pigs had access to small 
outside paved lots for a few hours daily. 
However, in this area of New York there 
is an unusually large proportion of cloudy 
weather in winter. The pigs therefore had 
less exposure to ultra-violet light than 
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there would have been in a sunnier re- 
gion. Even under these conditions, there 
was no benefit from an additional A-D 
supplement, and its use increased the 
cost of the gains appreciably. 

In 7 other similar New York experi- 
ments with fall pigs fed in dry lot in 
winter, the use of cod-liver-oil concen- 
trate as a vitamin supplement was com- 
pared with adding 5 per cent of ground 
field-cured alfalfa hay to the ration. 66 
The gains were slightly more rapid and 
the feed cost per 100 lbs. gain apprecia- 
bly lower on the ration containing al- 
falfa hay and no cod-liver-oil concentrate. 
During the 7 winters, only one pig fed 
.-.this ration showed any symptoms of 
rickets. These were mild and the pig 
made excellent gains throughout the win- 
ter. Similar results were secured in 3 
Ohio experiments. 67 

1410. B-complex vitamins. — Swine 
require certain of the B-complex vita- 
mins and are dependent chiefly on the 
supply in their feed, thus differing from 
cattle or sheep. This is because there is 
only a very limited synthesis of these 
vitamins through bacterial action in the 
large intestine of swine, while sufficient 
amounts to meet the needs of ruminants 
are normally synthesized in the rumen. 
(208) 

Fortunately, when swine are on 
satisfactory pasture, there are rarely de- 
ficiencies of B-complex vitamins. Also, 
sufficient good legume hay or alfalfa 
meal usually prevents a lack of these 
vitamins, except vitamin B x2 . 

The need of young pigs for several 
of the B-complex vitamins in the diet 
has been proved by feeding highly puri- 
fied artificial rations. To prevent the pigs 
from securing vitamins synthesized in the 
feces, they were kept on wire screens, 
or the concrete floor was washed care- 
fully each day. 

In such experiments it has been 
proved that young pigs require thiamin, 
riboflavin, niacin, pantothenic acid, pyri- 
doxine, and perhaps folic acid. Biotin is 
also required, but it is synthesized in the 
body rapidly enough under practical con- 
ditions to meet the needs. Inositol and 
para-ammo-benzoic acid do not seem to 


be needed. References to the reports of 
the numerous experiments proving the 
requirements for the B-complex vitamins 
are given in the report of the special 
committee of the National Research 
Council which has been mentioned previ- 
ously. 2 

In this report the committee recom- 
mends that swine rations should have the 
following amounts of B-complex vita- 
mins. The requirements for all the vita- 
mins except vitamin B 12 are stated in 
terms of milligrams per pound of air-dry 
feed. The requirements of vitamin B 10 
are stated in micrograms (meg.). A 
microgram is one-one thousandth of a 
milligram, or one-one millionth of a 
gram. 

B-vitamin requirements per pound 
of feed 


Thiamin, mg. . . 
Riboflavin, mg. 
Niacin, mg. . . 
Pantothenic 
acid, mg. . . . 
Pyridoxine, mg. 
Choline, mg. . . 
Vitamin Bia, 


50-lb. 100-lbs. ing 

pigs and over stock 

0.5 0.5 0.5 

1.0 1.0 1.2 

6.0 5.0 5.0 


The effects of a deficiency of each 
of these B-complex vitamins are shown 
in detail in Chapter VII. Any ordinary 
ration for swine will furnish an abun- 
dance of thiamine and also plenty of 
pyridoxine. There is no lack of choline 
in most rations that are otherwise satis- 
factory. The other essential B-complex 
vitamins are discussed in the following 
articles. 

It is of interest that the amount of 
thiamine in the lean of pork is considera- 
bly increased when pigs are fed a ration 
rich in thiamine. 68 

1411. Riboflavin. — Such a ration as 
corn, soybean oil meal, and minerals, 
with only 5 per cent of alfalfa meal is 
a trifle low in riboflavin for young pigs 
in dry lot. The lack can be corrected by 
increasing the alfalfa meal to 10 per cent; 
or by substituting meat scrap or fish meal 
for part of the soybean oil meal; or by 
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adding a small percentage of a feed rich 
in riboflavin, such as distillers dried 
solubles, dried whey, or brewers" dried 
yeast. 

1412. Niacin. — An important fact 
in swine feeding is that corn and oats 
contain much less niacin than do barley, 
the grain sorghums, or wheat. According 
to average analyses, even when corn and 
oats are the only grains in a well-balanced 
ration, the niacin supply will be fully 
equal to the amounts stated in the previ- 
ous table of requirements, except for 
very young pigs. 

However, under practical condi- 
tions, young pigs in dry lot, fed chiefly 
on corn or corn and oats, sometimes 
suffer from diarrhea, or enteritis, because 
of a lack of niacin. 69 This may be due to 
variation in niacin content of various lots 
of grain. 

Another reason why niacin de- 
ficiency is more apt to occur when corn 
is the only or the chief grain is that corn 
is very low in tryptophan. It has been 
shown in Chapter VII that niacin can be 
made in the body from tryptophan. 70 
(213) Therefore a deficiency of trypto- 
phan accentuates a lack of niacin. 

Including alfalfa meal in a ration low 
in niacin and replacing part of the corn 
or oats with other grain will correct the 
deficiency. Also, the niacin supply can 
be still further increased by adding wheat 
middlings, meat scrap, tankage, dried dis- 
tillers solubles, or dried brewers" yeast, 
all of which are high in niacin. 

Such changes in the ration will not 
prevent or cure the kind of enteritis, or 
diarrhea, caused by infection and not by 
nutritive deficiency. 71 

1413. Pantothenic acid. — The most 
noticeable symptom in pigs of a lack of 
pantothenic acid is incoordinated, wobbly 
gait, commonly called "goose-stepping."’ 
A deficiency also causes lack of appe- 
tite and poor growth. 

There may not be sufficient panto- 
thenic acid in balanced rations for young 
pigs in dry lot, unless care is taken to 
include a sufficient amount of feeds hav- 
ing a good supply of the vitamin. 72 A 
deficiency rarely occurs on pasture. 

Meat scrap, tankage, and fish meal 
jjVi ar e all low in pantothenic acid, and the 

f % 


content in the grains is only fair. Soy- 
bean oil meal, linseed meal, wheat mid- 
dlings, and distillers dried solubles have 
considerably more, and peanut oil meal, 
dried buttermilk, dried skimmilk, dried . 
whey, brewers’ dried yeast, and cane * 
molasses are rich sources. 

A ration of grain, balanced only with 
meat scrap, tankage, or fish meal is apt 
to be low in pantothenic acid, even if it 
has as much as 10 per cent of alfalfa 
meal. 

1414. Vitamin B 12 . — As stated in 
Chapter VII, many experiments con- 
ducted some years ago proved that for 
pigs in dry lot a ration entirely from 
plant sources was generally improved by 
adding a feed of animal origin, such as 
tankage, meat scrap, fish meal, or dairy 
by-products. (220) The name animal 
'protein factor was given to this quality 
of animal-source feeds. 

After vitamin B 12 was discovered a 
few years ago, it was found that much 
of the benefit from the addition of a feed 
of animal origin to a plant-product ra- 
tion was due to the vitamin B 12 it sup- 
plied. However, these animal-source 
feeds also furnish certain unidentified 
vitamins or factors that may be lacking 
in dry-lot rations for swine. 

Though much less synthesis of vita- 
min B 12 occurs through bacterial action 
in the digestive tract of swine than in 
the case of ruminants, there is a limited 
amount in the intestines. This seems to 
be the reason why in some experiments, 
when the ration had plenty of cobalt, 
there has been no appreciable benefit 
from adding a vitamin B 12 supplement 
to a dry-lot ration for swine, which was 
low in the vitamin. 73 (Vitamin B 12 con- 
tains a small amount of cobalt as an es- 
sential constituent.) 

Feeds of animal origin, including 
meat scrap, tankage, fish meal, and dairy 
by-products are good sources of vitamin 
Bi 2 . Condensed fish solubles and liver 
meal are especially rich in it, as is also 
sewage sludge. Feeds of plant origin ap- 
parently have little or none, according 
to the usual methods of analysis. 

It is interesting and important that 
alfalfa hay or meal, even of excellent 
quality, furnishes only a trace of the 
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vitamin, as determined by microbiologi- 
cal methods of analysis. Yet swine on 
alfalfa or other good pasture show no 
evidence of vitamin B 12 deficiency, even 
when fed a ration ladking in the vita- 
min. 74 

Either sufficient vitamin B 12 must 
be synthesized in the intestines of pas- 
ture-fed pigs, or else they must secure 
the mere traces of the vitamin needed 
from insects and worms they con- 
sume. 

The minute amount of vitamin B 12 
needed by young pigs in dry-lot is shown 
in the previous table of B-complex vita- 
min requirements. The amount of 7.0 
micrograms per pound of feed is only 1 
part of the vitamin to 64 million parts 
of feed — indeed a mere trace, though it 
is essential. 

A lack of vitamin B 12 is much more 
apt to occur with young pigs than with 
older ones. In rations that may be de- 
ficient in the vitamin it may readily be 
supplied by a commercial B 12 feed sup- 
plement or by an antibio tic- vitamin B l2 
feed supplement. 

1415. Unidentified vitamins or fac- 
tors, — Swine, at least very young pigs, 
may require certain unidentified vitamins 
or factors when they are kept continu- 
ously on a screen floor or on concrete 
which is washed daily. Under such con- 
ditions they cannot get an appreciable 
amount of any such factors which may 
be synthesized by bacterial action in the 
feces. 

The need of such vitamins or fac- 
tors is indicated by the fact that it is 
difficult or impossible to secure maxi- 
mum growth of baby pigs if they are 
fed a highly-purified ration containing no 
natural feed, even when all the known 
vitamins are supplied. In some experi- 
ments baby pigs, removed from the sow 
a few days after birth and fed such 
diets, have made better growth when 
there was added a concentrate of grass 
juice, or milk, or fish solubles, or certain 
fermentation residues from antibiotic 
manufacture. 75 However, in other studies 
there has been no benefit from such ad- 
ditions to a diet containing all known 
nutritive essentials. 76 

If young pigs do need unidentified 


vitamins, they are evidently supplied 
plentifully by good pasture. 

1416. Feeding B-complex supple- 
ments. — Whether there will be a benefit 
from adding a B-complex vitamin supple- 
ment to a practical balanced ration for 
young pigs or older hogs will depend 
first of all on the nature of the ration. 
Also, there may be a benefit from such a 
supplement in the case of unthrifty pigs 
or pigs that have previously received a 
poor ration, while there may be no im- 
provement with thrifty pigs, well-fed 
previously. 

As is shown in the preceding discus- 
sions of the various B-complex vitamins, 
there is most apt to be an advantage from 
adding B-complex vitamins to such a ra- 
tion as corn, soybean oil meal, minerals, 
5 per cent alfalfa meal, and an antibiotic- 
B 12 supplement. There is less likely to 
be a benefit from such an addition to a 
ration that has an animal protein supple- 
ment, or more alfalfa. 

In an Indiana trial adding riboflavin, 
niacin, and pantothenic acid to a good 
dry-lot ration increased the gains of 
young pigs 10 per cent. 77 This ration 
consisted of yellow corn, soybean oil 
meal, cottonseed meal, fish meal, meat- 
and-bone scrap, alfalfa meal, a complete 
mineral supplement, a vitamin A-D sup- 
plement, and an antibiotic-vitamin B 12 
supplement. Similar results were secured 
in a Michigan experiment. 78 

On the other hand, in a Minnesota 
trial, the addition of the same vitamins 
to a similar ration produced no benefit, 
and in a Kansas trial no appreciable im- 
provement. 79 

In Michigan trials young pigs suf- 
fering from severe diarrhea caused by 
inadequate rations were secured from 
several farms. 80 Most of them recovered 
when treated with B-complex vitamins 
and fed a good ration that supplied lib- 
eral amounts of vitamins. 

Several experiments were conducted 
some years ago to determine the effect 
of supplementing rations for pigs with 
yeast (which is rich in all important 
B-complex vitamins except B 12 ). In some 
of the trials the yeast was added to the 
moistened feed several hours before it 
was fed, and fermentation allowed to 
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take place. No matter what method of source of the B-complex vitamins, except 
= . yeast feeding was used, it was not profita- B 12 . In addition, it furnishes certain un- 

f , ble to add yeast to rations that included identified vitamins or factors that may be 

such protein supplements as tankage or needed by swine kept continuously in 
meat scrap. 81 Generally the rate of gain dry lot. Other benefits from including 

was not improved and the cost of the legume hay are that it Is rich in protein 

gains was increased. and calcium. 

In Ohio experiments, however, there Alfalfa hay or alfalfa meal is used 

was an appreciable benefit when yeast more often than other kinds of legume 

was grown in a ration of corn, soybean hay for swine. However, other legume 

oil meal, minerals, and 5 per cent of al- hays are satisfactory substitutes for al- 
falfa. 82 Young pigs fed continuously in falfa, as is shown in the discussions con- 

dry-lot on this ration, without yeast, cerning the various kinds of legume hay 

often did not thrive. in Chapter XVI. 

In Wisconsin trials, young pigs fed Dehydrated alfalfa or other dehy- 

in dry lot on corn, soybean oil meal, drated legume forage is even richer than 
minerals, and only 5 per cent of alfalfa field-cured hay in carotene and in B-com- 
hay did much better when they had plex vitamins. However, it generally has 
access to fresh cattle manure. 83 The bene- very little vitamin D, and therefore does 
fit was undoubtedly due to the content not serve as a vitamin D supplement, 
of B-eomplex vitamins in the manure. As is shown in the next chapter, 

Increasing the percentage of alfalfa hay brood sows will usually eat enough good- 

in the ration to 15 per cent was fully quality alfalfa hay when it is fed uncut 

as beneficial as letting the pigs have ac- in a rack. They are much less apt to 

cess to the manure. eat a sufficient amount of red clover hay, 

In New York tests, adding cow sweet clover hay, soybean hay, or cowpea 
manure to a plant-source ration for pigs hay when thus fed. 
in dry lot increased the gains less than Growing and fattening pigs often 

did the addition of a trace mineral mix- will not consume a sufficient amount of 
ture. 84 The addition was of no benefit alfalfa or other legume hay for vitamin 
with a ration of corn and a trio-type sup- insurance when it is fed in a rack. The 
plemental mixture. safest plan in feeding pigs not on pas- 

The amounts of the different B-com- ture is therefore to include a definite 
plex vitamins in important feeds are proportion of high-quality legume hay 
shown in Appendix Tables V, Va, and mixed in the ration. 

Vb, so far as information is available. When young pigs get a good start 

Where the natural feeds in a ration do on pasture before they are put in dry 
not supply sufficient B-complex vitamins, lot and when the ration contains some 
a concentrated commercial B-complex protein supplement of animal origin, 
su PP^ emen * correct the deficiencies, there is generally no need to use more 
1417. Legume hay is vitamin in- than about 5 per cent of legume hay in 
surance. — When well-cured legume hay the ration. On the other hand, when 
is available, any lack of vitamins, except such a combination is fed as corn sup- 
vitamin B 12 , can generally be prevented plemented by soybean oil meal and min- 
by including a sufficient amount of such erals, it is best to increase the propor- 
hay in rations for swine not on pasture, tion of legume hay to 10 or 15 per cent to 
This is particularly important for young prevent any vitamin deficiencies, 
pigs and for brood sows and boars. Vita- Experiments have shown that if pigs 

min B 12 can readily be supplied by in- remain thrifty, they are apt to make 
eluding a vitamin B 12 -antibiotic feed sup- slightly more rapid gains and to require 
plement in the ration. less feed per 100 lbs. gain when the 

Field-cured legume hay of good ration does not have more than about 5 
quality not only supplies carotene and per cent of legume hay. 85 The differ- 
vitamin D, but it is also an excellent ence is especially marked if 15 per cent 
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or more of hay is included in the ration. 

The results from including a large 
proportion of high-quality alfalfa meal 
in the ration for growing and fattening 
pigs are discussed further in other por- 
tions of this chapter. ( 1396, 1431 ) 

Rations for brood sows not on pas- 
ture had best contain at least 10 to 15 
per cent of well-cured legume hay or 
else alfalfa meal as vitamin insurance. 
(1459) 


provide a supply of vitamins. For these 
reasons, pigs may not suffer from vita- 
min deficiencies under farm conditions, 
although the feeds that they are regu- 
larly given would produce disaster if fed 
under controlled, experimental condi- 
tions. 

1418. The trio mixtures. — Before 
the discovery of vitamin D in 1922 and 
at a time when little was known about 
the importance of vitamin A for swine, 



Trio Mixture Excellent for Dry-lot Feeding 


The trio mixture and similar protein supplements are superior to tankage, meat scrap, 
or fish meal as the supplement for pigs in dry lot. Pigs in the upper lot, fed yellow corn 
and the trio mixture, gained faster and were more thrifty than the pigs in the lower lot, which 
were fed yellow corn and tankage. (From Wisconsin Station.) 


If pigs have been raised to a weight 
of 100 lbs. or more on good pasture, 
they may have a sufficient store of vita- 
mins in their bodies to enable them to 
make satisfactory gains up to the usual 
market weights on a ration somewhat 
deficient in vitamins. However, even for 
such pigs it is best to include legume 
hay in dry-lot rations as a cheap insur- 
ance against vitamin deficiencies. 

When pigs follow cattle in the barn- 
yard and work over the manure, they 
undoubtedly secure abundant amounts of 
B-complex vitamins from the manure, 
and also more or less carotene and vita- 
min D. Also, kitchen garbage helps to 


investigations were conducted at various 
experiment stations in an attempt to de- 
velop rations which would enable young 
fall pigs to thrive in dry lot like spring 
pigs did on good pasture. The author and 
associates at the Wisconsin Station first 
found that young pigs in dry lot were 
greatly benefited by adding good-quality 
alfalfa hay to such a ration as com and 
tankage. 86 

Finally, the author and associates 
developed a combination of supplements 
which was decidedly superior to any 
common single protein supplement for 
young pigs not on pasture. This was a 
mixture of 50 lbs. tankage or meat scrap, 
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25 lbs. ground or chopped alfalfa hay If pigs are well grown on pasture or 

or other legume hay, and 25 lbs. linseed on grain and such a supplement as a trio 

meal. 87 mixture until they reach a weight of 100 

As is shown later, further experi- lbs., they can usually be fed safely on 
ments at the Wisconsin Station and at only grain and tankage or meat scrap 
other stations have shown that various until they reach the usual market 
modifications are satisfactory in this mix- weights. Sometimes the cost of gains may 
ture. (1420) Such supplemental mix- even be a trifle less, after this time, than 
tures are commonly called “trio mix- on yellow corn and the trio mixture. 90 
tures.” However, it is the safest plan to continue 

As is stated later in this chapter, to use the trio mixture or a similar corn- 
even such an efficient supplement as a bination until the pigs are marketed, es- 
trio mixture is generally improved for pecially in the case of fall pigs fed in 

pigs in dry lot by adding an antibiotic- dry lot during winter conditions in the 

vitamin B 12 supplement. (1422) northern states. The trio mixtures and 

The advantage from using the trio similar combinations are satisfactory for 
mixture or a similar combination for feeding to pigs on pasture, but if the 

pigs not on pasture is clearly shown by pasture is really good, there is no need 

the results of 31 experiments in each of of including legume hav in the combina- 
which one lot of pigs was fed yellow tion of supplements, 
corn and the original trio mixture, while 1419. Methods of feeding trio- 

another lot received yellow com and type mixtures. — The trio mixtures and 
tankage. 88 The pigs fed the trio mixture similar supplemental combinations pro- 
gained 1.28 lbs. per head daily until they duce excellent results when self-fed, 
reached market weights, while those free-choice, as the supplement to shelled 
fed corn and tankage gained 1.10 lbs. com, also self-fed, or to ear corn that is 
per day. On the trio mixture an average full-fed. In 3 Wisconsin tests the gains 
of 351 lbs. corn and 63 lbs. trio mix- were about as rapid and were slightly 
ture was required per 100 lbs. gain, m0 re economical when pigs were thus 
while on tankage as the only supplement self-fed, free-choice, on shelled com and 
there were required 384 lbs. com and the trio mixture, than when a mixture 
44 lbs. tankage. In these experiments was self-fed which consisted of ground 
each 100 lbs. of the trio mixture saved com and the proper proportion of the 
70 lbs. tankage and 52 lbs. corn. trio mixture to balance the ration. 91 

The most important advantage of When pigs are fed the grains that 

the trio mixture over tankage for pigs not are richer in protein than com (includ- 
on pasture is not the slight increase in ing barley, oats, kafir, and rye) they may 
rate of gain or the slight saving in feed eat a larger amount than needed of the 
required for 100 lbs. gain. The chief trio mixture or similar mixtures, if the 
merit of the trio mixture and similar com- mixture is self-fed, free-choice. With 
binations is the insurance against some such grains, except in the case of wheat, 
of the pigs becoming unthrifty or even it is generally more economical to mix 
runts, because of a lack of vitamins. It is the proper proportion of supplement with 
fortunate, indeed, that this insurance can the ground grain and then self -feed the 
be gained, not only without added ex- mixture. 

Pense, but at an actual saving in cost. 1420. Other supplemental mixtures 

The advantages secured from a trio f or dry lot.— Many experiments have 
mixture can mostly be gained by adding been conducted by the experiment sta- 

merely alfalfa hay to such a ration as tions in this countiy to compare differ- 

grain and tankage. However, experiments ent combinations of protein supplements 
have shown that the gains are slightly for pigs fed in dry lot and for those on 

more rapid and also more economical pasture. Only the briefest summary can 

when com and such a mixture are fed to be presented here of certain of the most 
young pigs in dry lot, instead of a ration important results of these studies. Some 

of com, tankage, and alfalfa hay. 89 of the conclusions from these experiments 
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are also given in the detailed informa- 
tion concerning the various protein sup- 
plements in Chapters XX to XXIII. 

Several supplemental mixtures suita- 
ble for feeding, free choice, as the sup- 
plement to corn or other grain for pigs 
in dry lot are given in Appendix Table 
VII. 

To provide insurance against vita- 
min deficiencies, 25 per cent of alfalfa 
or other legume hay was included in the 
original trio mixtures. When such a mix- 
ture is self -fed, free-choice, with corn to 
pigs in dry lot, the legume hay will 
generally form only about 3 per cent of 
the total ration. This small proportion is 
usually sufficient to produce excellent 
results with the trio mixtures, which con- 
tain 50 per cent of tankage, meat scrap, 
or fish meal. The experiments reviewed 
previously in this chapter show that a 
larger proportion of legume hay is often 
needed to prevent vitamin deficiencies 
when the ration contains no protein 
supplement of animal origin. 

Supplemental mixtures containing 
only 10 per cent of legume hay or leaf 
meal produce very satisfactory results 
when the pigs are well started on pas- 
ture before being confined to dry lot, 
especially if the mixture contains some 
fish meal. Thus, in experiments by Vestal 
at the Indiana Station, the supplemental 
mixture that ranked first (Purdue Mix- 
ture No. 5) was a combination of 20 per 
cent fish meal, 20 per cent meat-and-bone 
scrap, 40 per cent soybean oil meal, 10 
per cent cottonseed meal, and 10 per 
cent alfalfa leaf meal. 92 It was found that 
the fish meal in the mixture could be de- 
creased to 10 per cent, with an increase 
in the meat-and-bone scrap to 30 per 
cent, without decreasing the efficiency 
appreciably. 

Soybean oil meal is fully equal to 
linseed meal when used instead of lin- 
seed meal in a trio mixture. 93 Dried dis- 
tillers solubles is also a good substitute 
for linseed meal in such mixtures. (955) 
Cottonseed meal can be used in place of 
linseed meal in such mixtures, but does 
not usually produce quite as good re- 
sults. (918) Neither wheat standard 
middlings nor corn germ meal are as 
good as linseed meal or cottonseed meal 


in these mixtures. 94 Ground raw soybeans 
are still less satisfactory. 95 

Fish meal is even superior to tank- 
age or meat scrap in trio mixtures. ( 919 ) 

When meat scrap, tankage, and fish 
meal are scarce or unusually high in 
price, the proportion of this kind of feed 
in the supplemental mixture can be re- 
duced considerably without greatly de- 
creasing the efficiency, if soybean oil 
meal is used as the substitute. Calcium 
and phosphorus supplements should then 
be included in the mixture. For exam- 
ple, a supplemental mixture recom- 
mended under conditions in World War 
II was: 10 per cent of tankage or meat 
scrap, 40 per cent soybean oil meal, 19 
per cent linseed meal, peanut oil meal, 
or cottonseed meal, 25 per cent alfalfa 
hay, 3 per cent ground limestone, 1 per 
cent bone meal, and 2 per cent salt. 96 

Recent experiments have shown that 
when an all-plant-source ration of corn 
and soybean oil meal is completely sup- 
plemented with minerals, vitamins, and 
an antibiotic-vitamin B 12 supplement, 
growing and fattening pigs in dry lot 
may make as rapid and efficient gains 
as when meat scrap or tankage is 
added. 97 However, for dry-lot feeding an 
all-plant-source ration requires very care- 
ful supplementation to equal a ration that 
includes a protein supplement of animal 
origin. 

For self -feeding, free-choice, as the 
supplement to corn or other grain, sup- 
plemental mixtures which contain at least 
35 per cent of protein are most efficient. 98 

1421. Supplemental mixtures for 
pasture feeding. — For pigs on good pas- 
ture, there is much less difference than 
for pigs in dry lot between the results 
from feeding tankage or meat scrap as 
the only protein supplement and the re- 
sults from efficient combinations of sup- 
plements. This is largely because ample 
amounts of all the vitamins are supplied 
by pasture combined with the sunlight 
pigs get on pasture. Also, good pasture 
helps to meet the needs for both amount 
and quality of protein, and it aids in 
supplying calcium and phosphorus. 

However, in numerous experiments 
with pigs on pasture there has generally 
been some advantage in using a com- 
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bination of tankage or meat scrap with 
soybean oil meal, cottonseed meal, lin- 
seed meal, or peanut oil meal, instead of 
feeding tankage or meat scrap as the 
only supplement. With such a combina- 
tion, the gains have usually been slightly 
more rapid and a little less feed has been 
required per 100 lbs. gain. Using a mix- 
ture of this kind also greatly reduces the 
necessary amount of tankage or meat 
scrap, of which there may be a rather 
scanty supply. 

Pigs on pasture will generally make 
as rapid gains when fish meal is the only 
supplement to corn or other grain, as 
when a combination is used of fish meal 
with cottonseed meal, soybean oil meal, 
or linseed meal." Whether or not it will 
be more economical to feed such a com- 
bination will depend on the relative 
prices of fish meal and the other supple- 
ments. 

A combination of soybean oil meal 
with tankage, meat scrap, or fish meal 
is an excellent supplement to corn or 
other grain for pigs on pasture. 100 
In New York experiments in which pigs 
on pasture were self-fed mixtures of 
ground corn and various protein supple- 
mental combinations, 3 parts of soybean 
oil meal to 1 of meat scrap was slightly 
superior to equal parts of these feeds or 
equal parts of linseed meal and meat 
scrap. 101 

Soybean oil meal is liked so well by 
swine that when a supplemental mixture 
which consists largely of soybean oil 
meal is self-fed, free-choice, they may 
eat more of the supplement than they 
need. This can be prevented by mixing 
ground alfalfa hay or mineral mixture in 
the supplement. ( 805 ) 

Combinations of cottonseed meal 
with tankage, meat scrap, or fish meal 
are excellent for pigs on pasture. This is 
shown by the numerous experiments 
summarized in Chapter XXII. (818) For 
pigs on pasture, a mixture of one-half 
linseed meal and one-half tankage or 
meat scrap is usually a little superior to 
tankage or meat scrap as the only sup- 
plement. 102 However, this combination is 
slightly excelled by combinations includ- 
ing soybean oil meal* 


Kentucky experiments show that a 
combination of soybean oil meal and 
dried corn distillers solubles is an ex- 
cellent protein supplement for pigs on 
pasture. 103 

The trio mixture and similar combi- 
nations that include legume hay are 
satisfactory for feeding to pigs on pas- 
ture, but if the pasture is really good, 
there is no need for having legume hay 
in the supplemental mixture as vitamin 
insurance. 

In Indiana experiments, Purdue 
Supplement C ranked first in rate of gain 
for self -feeding, free-choice, with corn to 
pigs on pasture. 92 This mixture is the 
same as Purdue Supplement 5 for dry 
lot feeding which has been mentioned 
previously, except that it contains 10 
per cent of linseed meal in place of 10 
per cent of alfalfa leaf meal. The aver- 
age gain was slightly more rapid on this 
mixture than on a simple mixture of one- 
half soybean oil meal and one-half meat- 
and-bone scrap. However, there was no 
appreciable difference in the amount of 
feed required per 100 lbs. gain, or in the 
cost of the gains. In 2 tests Supplement 
5, which included 10 per cent of alfalfa 
leaf meal, was as satisfactory as Supple- 
ment C for pasture feeding. 

1422. Antibiotic supplements for 
pigs. — During the past few years literally 
hundreds of experiments have been con- 
ducted to determine the effects of adding 
an antibiotic feed supplement or a pure 
antibiotic to swine rations. 104 

As has been pointed out in the gen- 
eral discussion of antibiotic feed supple- 
ments in Chapter XXIII, most of the anti- 
biotic supplements on the market supply 
not only an antibiotic or a mixture of 
antibiotics, but also vitamin B 12 . (966) 
Such a supplement is called an antibiotic- 
vitamin B 12 feed supplement. The effect 
of this kind of supplement may obviously 
be due both to the antibiotic and also 
to vitamin B 12 . 

Most of the antibiotic-feeding ex- 
periments have been with growing and 
fattening pigs. A few have been with pigs 
before weaning or pigs taken from the 
sows a few days after birth and fed a 
milk substitute. Some have been with 
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brood sows through pregnancy and lacta- 
tion. 

In the greatest number of trials, 
aureomycin (chlortetracycline) has been 
tested, but several experiments have 
been conducted with terramycin (oxy- 
tetracycline), penicillin, bacitracin, and 
streptomycin. Very little information is 
available concerning the effects of other 
antibiotics in swine feeding. 

An effective level of antibiotic is 5 
milligrams per pound of total ration, or 
10 grams per ton. 2 For a protein supple- 
mental mixture to be fed with grain, 
about 25 milligrams per pound of the sup- 
plement, or 50 grams per ton is recom- 
mended. 

In a recent survey of the results of 
the experiments on antibiotic supple- 
ments for swine, Braude, Wallace, and 
Cunha found that under normal condi- 
tions of health, adding an aureomycin 
or terramycin supplement to rations for 
growing and fattening pigs increased the 
gain about 15 per cent, and reduced the 
amount of feed required per 100 lbs. 
gain by 2 to 5 per cent. 104 Terramycin 
has apparently not been quite so effec- 
tive as aureomycin in the majority of 
such comparisons. In this survey they 
report that penicillin, streptomycin, and 
bacitracin have been somewhat less bene- 
ficial than aureomycin or terramycin, in- 
creasing the average gain about 10 per 
cent. 

In 227 trials in which aureomycin, 
terramycin, penicillin, or streptomycin 
were added to rations, the rate of gain 
was not increased in 20 tests, and the 
feed efficiency was not improved in 45 
comparisons. 

In a few experiments a mixture of 
antibiotic supplements has been com- 
pared with single antibiotic supple- 
ments. 105 The results have differed, and 
at present there are insufficient data to 
conclude that such a mixture is more 
effective than aureomycin or terramycin 
as the single antibiotic supplement. 2 

In the case of unthrifty or runt pigs 
and pigs fed poor rations, an antibiotic- 
vitamin B 12 supplement usually is much 
more beneficial than with thrifty pigs 
fed good rations. However, such a sup- 


plement is no substitute for efficient ra- 
tions and careful sanitation. 

The improvement from an antibiotic- 
vitamin B 12 supplement is generally 
greater with an all-plant-source ration 
than with a ration containing a protein 
supplement of animal origin. In most of 
the experiments with pigs on good pas- 
ture, an antibiotic supplement has in- 
creased the gain, but often the increase 
has been less than in dry-lot trials. 106 
In some of the pasture tests the antibiotic 
supplement has not reduced the amount 
of feed required per 100 lbs. gain enough 
to cover the cost of the antibiotic. 

The greatest increase in rate of gain 
from an antibiotic supplement occurs 
during early growth. However, there is 
usually some benefit after pigs reach a 
weight of 100 to 125 lbs. Experiments 
have proved that the rate of gain from 
weaning to market weights is generally 
more rapid and the feed efficiency higher, 
when the antibiotic supplement is fed 
continuously until the pigs are ready for 
market. 107 

Opinions differ as to whether or not 
the requirement for protein is reduced by 
an antibiotic supplement. 108 In some 
tests there has seemed to be a protein- 
sparing effect, but in fully as many trials 
there was no such result. 

An antibiotic supplement may 
slightly increase the proportion of fat in 
the carcass. However, if antibiotic-sup- 
plemented pigs are marketed at the same 
weight as those not fed an antibiotic sup- 
plement, there will be no significant dif- 
ference in the depth of back fat, or in 
the proportions of fat and lean in the 
carcasses. 109 Nevertheless, for the pro- 
duction of high-quality bacon carcasses, 
it may be undesirable to continue the 
antibiotic supplement during the finish- 
ing period. 110 

The implanting of an antibiotic pel- 
let under the skin of an ear of baby pigs 
has been suggested, as a means of ad- 
ministering the antibiotic before the pigs 
eat much solid food. However, in most 
of the tests, such implantation of an 
antibiotic has not been beneficial. 111 

In Minnesota trials, adding an aureo- 
mycin or terramycin supplement to the 


872 


FEEDS AND FEEDING 


creep feed for suckling pigs increased 
the gains. 112 Penicillin was less effective, 
and bacitracin did not improve growth. 
In trials by the United States Department 
of Agriculture, adding an aureomycin- 
vitamin B 12 supplement to the creep feed 
increased the gains of suckling pigs. 113 

If pigs are removed from the sows 
at only a few days of age and fed a milk 
substitute, an antibiotic-vitamin B 12 sup- 
plement should be included in the mix- 
ture. This will reduce scouring and mor- 
tality, as well as increase growth. 114 

1423. Antibiotic supplements for 
sows. — Several experiments have been 
conducted recently to find whether or 
not there was a benefit from adding an 
antibiotic supplement to a good ration 
for brood sows during gestation and lac- 
tation. 115 In most of the trials such a 
supplement has not been beneficial. 

If an antibiotic supplement is in- 
cluded in a ration for sows suckling pigs, 
the pigs may eat some of the sow feed, 
and the weaning weight of the pigs be 
thus increased. No appreciable amount 
of antibiotic from the sow's feed is trans- 
ferred into her milk. 

1424. Arsonic supplements; sur- 
factants. — Several experiments have been 
carried on recently to find whether there 
was an improvement from adding a small 
amount of arsonic acid or some other or- 
ganic arsenic compound to rations for 
pigs. 116 (967) In the majority of the 
trials these supplements have been in- 
effective, or less beneficial than an anti- 
biotic. 

In cases where pigs are affected 
with bloody dysentery, an arsenical sup- 
plement aids in controlling the disease. 

In most of the experiments in which 
a surfactant, or surface-active-agent, has 
been added to a ration for pigs, either 
the surfactant has not been beneficial, or 
else it has caused less improvement than 
an antibiotic supplement. 117 (967) 

1425. Hormones. — Differing from 
the results with fattening cattle, adding 
stilbestrol (diethylstilbestrol) to rations 
for growing and fattening pigs has not 
increased the gains or feed efficiency. 118 
(1183) Also, intra-muscular or sub- 
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cutaneous injection of other sex hormones 
has little or no effect on gains. 119 

Experiments have been conducted 
to find whether the growth of pigs could 
be increased by adding thyroprotein to 
the ration. (54) In other trials the effect 
has been studied of adding thiouracil or 
thiourea to the rations of well-grown pigs 
during the later stages of fattening. The 
latter drugs suppress the secretion of 
thyroxine by the thyroid gland, and 
hence slow up body metabolism. They 
are called goitrogens, because they cause 
enlargement of the thyroid. 

With reference to the use of thyro- 
protein in swine feeding, the committee 
on hormones of the National Research 
Council states, "The most successful use 
of thyroprotein has been obtained with 
young growing pigs, but even in young 
swine the results have been variable, 
and the effects of several factors that 
may influence results are not well de- 
fined." 120 

Concerning the addition of thioura- 
cil or thiourea to rations for pigs, the 
committee states, "The use of goitrogens 
in swine husbandry must be considered 
to be still in the experimental stage. 
Whether or not the goitrogens presently 
available, used in such ways as have been 
tried to date, are suitable for use in pork 
production is a question that has not re- 
ceived a final answer. 

"However, some goitrogens have 
produced significant increases in effi- 
ciency of utilization of feed without 
markedly decreasing rates of gain when 
they have been employed during the last 
4 weeks of the fattening period. Ad- 
ministration of goitrogens for more than 
6 weeks has depressed growth rates 
significantly. 

The possible danger to consumers 
of pork and pork products from reten- 
tion of thiouracil is recognized, but this 
danger is negligible if goitrogen feeding 
is avoided during the last 3 days prior 
to slaughter." 

1426. Water. — Swine should al- 
ways be supplied with plenty of water. 
The amount of water consumed by pigs 
ranges from about 12 lbs. daily per 100 
lbs. of animal at weaning time down to 4 
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lbs. or less per 100 lbs. live weight dur- 
ing the fattening period. 121 More water 
is of course needed in hot weather than 
in winter. 

The amount of water consumed per 
head daily by brood sows was 7.5 lbs. 
in an Iowa test with pregnant yearling 
sows and 43 lbs. in an English test with 
brood sows suckling litters, 122 

Watering swine by means of an 
automatic waterer not only saves labor, 
but also insures a plentiful supply at all 
times. However, pigs given plenty of 
water in a trough two or three times a 
day apparently make as rapid and eco- 
nomical gains as those watered by means 
of an automatic waterer. 123 

In very cold winter weather, swine 
watered in a trough may not drink 
enough for the best results unless the 
water is warmed enough to keep it from 
freezing soon after it is put in the trough. 
In winter there is no need of warming 
water in an automatic waterer more than 
enough to keep it from freezing. 124 

Growing and fattening pigs self-fed 
on pasture graze the various parts of the 
pasture more uniformly if the water sup- 
ply is not close to the self-feeder. How- 
ever, South Dakota results indicate that 
in hot weather the water should not be 
more than about 300 feet from the self- 
feeder. 125 

III. General Problems in Pork 
Production 

1427. Prices of hogs during the 
year. — In deciding upon the best plan 
of pork production to follow, one should 
consider the average prices of hogs on 
his own market for various months in 
the year. By having pigs ready for mar- 
ket at the time when the price is usually 
highest, the profit can commonly be in- 
creased decidedly. 

The number of pigs farrowed in the 
spring in this country is much greater 
than of those born in the fall, and the 
bulk of these spring-farrowed pigs reach 
the market from late October to Feb- 
ruary. During this period the supply 
of hogs on the central markets is there- 
fore the heaviest, and as a result the 


price is considerably lower than during 
the rest of the year. 

If not artificially controlled, the 
average prices of hogs in the markets 
of this country are highest in August and 
September, when the receipts of hogs are 
lowest. 126 In October the average price 
begins to drop sharply, as the spring- 
farrowed pigs start to come to market 
in large numbers. The average price 
reaches the lowest levels from November 
through January, when the marketings 
are heaviest. The price then begins to 
recover and usually reaches a lower sec- 
ondary peak in March. In April and May 
the price generally recedes somewhat, 
when the bulk of the fall pig crop comes 
to market. Then in June the rise begins 
to the August-September peak. 

The farmer who has facilities for tak- 
ing proper care of early spring litters 
can usually secure the highest price by 
having them ready for market before 
October. This means, however, that the 
pigs must be liberally fed on efficient 
rations and must have the best of care, 
or they will not reach a market weight 
of 200 lbs. or more by that time. In- 
stead, they will get to market in No- 
vember or December, when prices are 
low. 

It is shown in the next chapter that 
farmers who raise early spring litters 
for marketing before the slump in price 
occurs in the fall, usually find it profita- 
ble to breed as many sows as possible 
for fall litters, as well. These are ready 
for market in spring, when prices have 
recovered. 

1428. Limited-feeding vs. full-feed- 
ing of pigs. — One of the most important 
questions that every hog raiser must de- 
cide is how much grain he will feed his 
growing, fattening pigs. He knows that 
the larger the amount of grain or other 
concentrates he feeds, the faster they 
will gain, no matter whether in dry lot 
or on pasture, but he wonders whether 
or not he will make more profit if he re- 
stricts the amount of concentrates. 

It has been shown previously that 
animals fed liberal rations tend to digest 
and utilize their feed with slightly less 
efficiency than those that receive limited 
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rations. ( 101 ) However, if a growing and 
fattening animal, such as a pig, is fed 
a limited ration, a longer time will be 
required before it reaches the desired 
market weight and the proper degree of 
fatness. This will increase the amount of 
feed required for mere body main- 
tenance during the growing and fatten- 
ing period, and therefore reduce the 
proportion of feed available for produc- 
ing gain in weight. 

These two factors therefore tend to 
have an opposite effect on the relative 
amounts of feed required per 100 lbs. 
gain by pigs that are full-fed and by 
those that are fed limited rations. The 
net effect of limited feeding can be de- 
termined only by experiments in which 
pigs are full-fed in direct comparison 
with others that receive limited amounts 
of the same feeds. It is important that 
such tests be continued until the limited- 
fed pigs have reached market weights, 
which has not been done in some of the 
experiments on this problem. 

1429. Effect of feeding level on the 
carcass. — The experiments of Hammond 
and McMeekan, summarized in Chapter 
IX, showed that the proportions of lean 
and fat in hog carcasses could be changed 
appreciably by methods of feeding. 
(283) By feeding a liberal ration until 
pigs were well grown, and then limit- 
ing the feed intake during the finishing 
period, a larger proportion of lean and 
less fat was produced than when pigs 
were full-fed continuously. 

The restriction in nutrient intake 
can be made either by feeding a reduced 
amount of an ordinary ration, or else by 
including in a full-fed ration a suitable 
amount of a very bulky feed, such as 
ground alfalfa or other hay. Ground corn 
cobs can be used similarly, but they 
merely dilute the ration and do not fur- 
nish much digestible nutrients to pigs. 

The increase in the proportion of 
lean in the carcass is desirable, from the 
standpoint of our present market demand 
for leaner pork. However, this advantage 
may be offset by the fact that pigs which 
have had their net energy supply re- 
stricted will commonly yield an ap- 


preciably lower percentage of dressed 
carcass. 

Where high-quality bacon carcasses 
command a considerable premium, as in 
Canada, it is generally most profitable to 
produce pigs that meet these require- 
ments. On the other hand, on most of 
the United States markets such pigs do 
not bring a sufficient premium at present 
to warrant much additional expense in 
producing them. 

1430. Limited feeding in dry lot 
— Experiments have been conducted re- 
cently by the Minnesota and Missouri 
Stations to compare full-feeding con- 
tinuously with the method of full-feed- 
ing until the pigs reached a weight of 
125 lbs., and then feeding them only 75 
to 85 per cent of a full ration. 127 In each 
experiment another group was fed the 
limited ration throughout the trials. 

In 3 experiments the pigs fed liber- 
ally until they reached market weights 
gained an average of 1.46 lbs. a day and 
required 395 lbs. of feed per 100 lbs. 
gain. Those fed liberally at first and then 
fed the restricted ration during the finish- 
ing period gained 1.34 lbs. a day, and 
they needed 9 days longer to reach the 
same market weight. However, they re- 
quired no more feed per 100 lbs. gain. 

The pigs fed the limited rations con- 
tinuously gained only 1.13 lbs. a day 
and it took 41 days longer for them to 
reach market weight than for the full- 
fed pigs. In spite of this, they needed 
slightly less feed per 100 lbs. gain than 
the other lots. 

Such moderate restriction of feed 
during the finishing period produces de- 
sirable leaner carcasses, but the dressing 
percentage is usually about 2 per cent 
less than for full-fed pigs. In some cases 
the lower dressing percentage fully off- 
sets the higher value of the leaner car- 
casses. 

If the amount of feed for pigs in dry 
lot is still further reduced, the gains will 
be poor, and much more feed will be 
needed per 100 lbs. gain. This is be- 
cause the pigs then need most of their 
feed for maintaining their bodies. 

For example, in 2 New York tests 
pigs fed only a half ration from an aver- 
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age weight of 62 lbs. until they reached 
market weights gained only 0.65 lb. a day 
and required 428 lbs. of feed per 100 
lbs. gain. 128 Others full-fed the same 
well-balanced feed mixture gained 1.39 
lbs. and required only 391 lbs. of feed 
per 100 lbs. gain. Such scanty feeding 
therefore not only wasted feed but also 
doubled the amount of labor. 

In addition, if the feed is restricted 
too much, the pigs will not be sufficiently 
fat at the usual market weights to yield 
high-quality carcasses. 

It is sometimes advocated that to 
save grain, pigs in dry lot should be 
fed a decidedly limited ration until they 
reach a weight of 100 to 150 lbs. and 
then be full-fed until they are ready for 
market. However, this method is usually 
uneconomical, in comparison with con- 
tinuous full-feeding or with full-feeding 
at first and finishing the pigs on a mod- 
erately limited amount of feed, 129 

If one is raising fall pigs to follow 
fattening cattle, it may be desirable to 
limit their feed slightly. Also, some farm- 
ers feed fall pigs a limited amount of con- 
centrates during the winter, and then 
finish them on pasture in the spring, Ohio 
tests indicate that this is doubtful econ- 
omy, unless grain is very high in price 
in comparison with the cost of pasture. 130 
Too often such fall pigs are fed so little 
during the winter that their gains are 
exceedingly expensive and they may 
even become unthrifty because or stingy 
feeding. 

1431. Restricting nutrients by add- 
ing roughage. — It has been mentioned 
that when it is desired to produce leaner 
carcasses, the nutrient intake during the 
finishing period may be reduced by in- 
cluding very bulky feed in the mixture 
and then self-feeding it. In a Wisconsin 
trial economical gains were made and 
good carcasses were produced when 28 
per cent of ground low-grade alfalfa hay 
or 16 per cent of ground corn cobs was 
included in a self-fed mixture. 131 A 
larger proportion of the bulky feeds in- 
creased the cost of the gains, and the 
carcasses were not firm and graded lower. 

In an Oklahoma experiment the nu- 
trient intake was reduced after the pigs 


reached 140 lbs. in weight by adding 20 
per cent of ground prairie hay to a self- 
fed mixture. 132 The pigs finished on the 
low-energy ration gained 0.23 lb. a day 
less than others self-fed the usual ration 
and required 76 lbs. more feed per 100 
lbs. gain. They did not like the prairie hay 
mixture and wasted considerable feed 
around the self-feeders. 

When one wishes to limit the nu- 
trient intake on a self-fed mixture, it 
would seem preferable not to add a low- 
grade feed, but instead to include enough 
good-quality ground legume hay to have 
the desired effect. 

1432. Limited-feeding on pasture. 
— Full-feeding pigs on pasture is gener- 
ally much more profitable than limited- 
feeding, if the pigs are farrowed early 
enough in the spring so they can be fat- 
tened for marketing early in the fall, be- 
fore the usual slump in price occurs. 

With late spring pigs, the profit may 
be greater if they are fed only enough 
concentrates to keep them growing well 
during the summer and if they are then 
fattened on the new corn crop in the 
fall and early winter for marketing in 
January or February, after the price re- 
covers somewhat. Pigs to be used in the 
fall for hogging-down corn or for fol- 
lowing fattening cattle should also be 
fed a limited amount of grain in the 
summer, so they will be in thrifty feeder 
condition. 133 

Many trials have been conducted 
to compare full-feeding of pigs on good 
pasture throughout the season with feed- 
ing only a limited amount of grain dur- 
ing the pasture season, and then finish- 
ing them in the fall by full-feeding. In 
32 such experiments pigs averaging 58 
lbs. in weight at the start were fed to 
market weights on good pasture. 134 Those 
which were full-fed (usually self-fed) 
all the time gained an average of 1.45 
lbs. a day and consumed 369 lbs. of con- 
centrates per 100 lbs. gain. Pigs fed a 
limited amount of concentrates until 
fall and then finished by full-feeding 
gained 1.14 lbs. a day and needed 31 
days longer to reach approximately the 
same market weight. These pigs, how- 
ever, required a trifle less concentrates 
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(7 lbs.) per 100 lbs. gain, but they un- 
doubtedly ate more pasturage. These 
data show clearly that under conditions 
in the corn belt it will commonly be most 
profitable to full-feed early spring pigs 
on pasture, so that they can be sent to 
market before the price declines severely. 

This is also proved by a study of 
the net returns from early-spring litters 
on 43 Indiana farms where the pigs were 
fed limited amounts of grain during the 
first 3 months after weaning and on 24 
farms where the full-feeding method was 
used. 135 The full-fed pigs were ready 
for market on September 27, on the aver- 
age, and sold for 97 cents more per 
hundredweight than the limited-fed 
pigs, which were not ready for market 
until December 10. For each 100 lbs. 
gain the full-fed pigs required only 6.1 
bushels corn and 8.2 lbs. tankage, while 
the limited-fed pigs needed 8.7 bushels 
corn and 6.6 lbs. tankage. The death 
loss after weaning was also in favor of 
the full-fed pigs, being only 2.5 per cent, 
in comparison with 7.5 per cent for the 
other pigs. 

The total cost of 100 lbs. gain, in- 
cluding not only feed cost but also all 
other expenses, was 15 per cent less for 
the full-fed pigs, and the profit was 
therefore much greater. 

For late spring pigs on good pasture 
or in the southern states for fall pigs, it 
may be desirable to limit the amount of 
concentrates somewhat, as the longer 
time needed to reach market weight may 
then be an advantage. Late spring pigs 
or fall pigs fed on good pasture may 
be ready for market after the bulk of the 
spring and fall pigs have been sold and 
thus bring a good price. Limited feed- 
ing, especially during the finishing period, 
will also produce leaner carcasses. 

In Tennessee experiments pigs fed 
80 or 60 per cent of full feed on good 
pasture made considerably cheaper gains 
than those which were full-fed. 136 Those 
fed the 80 per cent ration yielded high- 
quality carcasses, but the dressing per- 
centage was 1.7 per cent less than for 
the full-fed pigs. The carcasses of the 
pigs fed the more limited ration lacked 
somewhat in finish. 



In the alfalfa districts of the West 
it is often most profitable to limit the 
allowance of grain for pigs during the 
summer, for pasture is very cheap in com- 
parison with grain. 137 This method is 
commonly used in the sections that 
specialize in the production of feeder 
pigs for shipment to the corn belt. Even 
when the pasture is excellent, it is neces- 
sary to feed 1,0 to 1.5 lbs. of grain per 
head daily to growing pigs, in order to 
keep them growing thriftily and making 
the desired gain in weight. Whether or 
not to feed a protein supplement to pigs 
receiving a limited amount of grain on 
first-class pasture has been discussed 
earlier in this chapter. ( 1393 ) 

1433. Self-feeding. — -Numerous ex- 
periments have proved that the feeding 
of fattening pigs by means of a self- 
feeder is efficient and economical. Pigs 
that are self -fed suitable rations not only 
make slightly more rapid gains than 
those that are hand-fed two or three 
times a day all they will eat, but also they 
usually require slightly less feed per 100 
lbs. gain. In addition, considerable labor 
is saved. 

Self-feeding is not only an excel- 
lent method of full-feeding fattening pigs 
or fattening sows, but it is also a good 
way to feed brood sows and their litters. 
It is not a satisfactory method of feed- 
ing pregnant sows, unless considerable 
bulky feed is included in the mixture that 
is self-fed. Even then, care is needed to 
keep the feeds so proportioned that the 
sows do not gain too much or too little. 
Therefore, hand-feeding pregnant sows 
is a much more common practice than 
self -feeding. (1466) 

In self-feeding swine, grain and 
protein-rich supplements may be fed, 
free-choice, in separate compartments of 
the self-feeder, or the pigs may be self- 
fed a properly balanced mixture of grain 
and protein-rich supplements. The merits 
of these two methods have been dis- 
cussed previously. ( 1391 ) 

Although self-feeders are labor 
savers, they need daily inspection to 
make sure that none has become clogged 
or is out of adjustment so that feed is 
being wasted. If grain and a protein 
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supplement are being self-fed, free- 
choice, supplies of both should be availa- 
ble to the hogs at all times. 

1434. Self-feeding vs. hand-feed- 
ing. — The excellent results secured when 
a self-feeder is used for fattening pigs 
are shown by 24 tests, in each of which 
one lot of pigs, not on pasture, was self- 
fed, free-choice, on such a ration as corn 
and protein supplement. 138 In each test 
another lot was hand-fed a well-balanced 
ration of the same feeds. 


the advantages of the more rapid gains 
and the saving of labor by self-feeding. 

That self-feeding is also an economi- 
cal method of feeding pigs on pasture 
has been well proved. For example, in 
9 trials pigs self-fed com and tankage, 
free-choice on good pasture, gained 1.32 
lbs., compared with 1.20 lbs. for others 
hand-fed the same feeds. 139 On the aver- 
age the self -fed pigs ate 4 lbs. more 
tankage per 100 lbs. gain, but took 1 lb. 
less corn. This slight difference of 3 lbs. 



Self-feeding Is Efficient and Economical 

Pigs self-fed in dry lot gain more rapidly than those which are hand-fed and require a 
trifle less feed per 100 lbs. gain. 


The self-fed pigs ate 0.6 lb. more 
com per head daily than those which 
were hand-fed twice daily all they would 
clean up. This is the usual result and is 
due to the fact that self-fed pigs help 
themselves many times a day and even 
during the night, thus being “full-fed” at 
all times. Naturally, they gained a trifle 
more rapidly than those which were 
hand-fed, the average daily gain being 
1.59 lbs. for the self-fed pigs and 1.42 
lbs. for those which were hand-fed. Most 
important of all, is the fact that 11 lbs. 
less concentrates were required for 100 
lbs. gain by the self-fed pigs. This is not 
a large saving in itself, but to it are added 


total feed per 100 lbs. gain in favor of 
the hand-fed pigs would, however, ordi- 
narily be more than offset by the saving 
in labor through self-feeding and by the 
greater rapidity of the gains. 

1435. Grinding grain for swine. — 
Whether or not it will pay to grind any 
particular kind of grain for swine de- 
pends on the completeness with which 
they chew it when unground. Definite in- 
formation on this question is given for 
each kind of grain in Chapters XX and 
XXI. 

In general, it does not pay to grind 
corn for pigs up to the usual market 
weights, or for brood sows. Instead, ear 
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corn or shelled corn is commonly fed. 
There is generally enough saving through 
grinding barley, oats, or millet to make 
such preparation decidedly profitable. 
If wheat and the grain sorghums are fed 
in self-feeders, pigs usually chew the 
grain with sufficient thoroughness so 
that grinding does not pay. On the other 
hand, when these grains are hand-fed, 
there is considerably greater saving 
through grinding. 


When a finely ground mixture is fed out- 
doors in a windy location, slop-feeding 
may be advisable, merely to prevent feed 
being blown from the trough and wasted. 
Also, in very cold weather it may be ad- 
visable to feed a warm slop, so the hogs 
will get enough water. 

With the exception of a few feeds, 
cooking feed for swine decreases its 
value, instead of increasing it. 142 Pota- 
toes, soybeans, field beans, and velvet 



Hand-feeding Requires More Labor 

Unless one wishes to feed pigs a limited ration, self-feeding is more efficient than hand- 
feeding. 


1436. Soaking grain; feeding slop; 
cooking feed. — If shelled or ear corn be- 
comes very hard and dry on storage, it 
may pay to soak it before feeding to 
swine, though the increase in value is 
not usually very marked. When whole 
barley or oats cannot conveniently be 
ground, it may be economical to soak 
the grain, though soaking it is a rather 
poor substitute for grinding. It does not 
generally pay to soak ground grain or a 
mixture of concentrates for swine. 140 

Years ago it was a common practice 
to feed grain mixtures to swine in the 
form of slop or swill. Experiments have 
shown, however, that slop-feeding is not 
generally superior to dry-feeding. 141 


beans are greatly improved by cooking. 

1437. Pelleted feed. — A general dis- 
cussion of pelleting feed has been given 
in Chapter IV. (91) As there stated, the 
cost of pelleted feeds compared with or- 
dinary rations will largely determine 
whether pelleted feeds will be economi- 
cal. For feeding growing and fattening 
pigs the entire ration, including ground 
grain, may be pelleted, or a pelleted 
protein supplemental mixture may be 
self -fed, usually free-choice, with com or 
other grain. 

Several experiments have been con- 
ducted recently to compare pelleted feed 
with usual rations for pigs. 143 In these 
trials a self-fed pelleted ration of such a 
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mixture as ground barley and supple- 
ments has generally produced apprecia- 
bly more rapid gains than self-feeding 
the same mixture in meal form. Also, 
less feed has usually been required per 
100 lbs. gain on the pelleted ration. 

The saving in feed needed per 100 
lbs. gain by pelleting such a ration has 
differed widely, ranging from 8 per cent 
to more than 40 per cent in a case where 
there was much wastage of the meal ra- 
tion around the self feeders. Usually the 


When ear corn is fed in summer on 
pasture lots that are free from infesta- 
tion with parasites, there may be no ap- 
preciable advantage in using feeding 
platforms. 145 

1439. Temperature; shade; wal- 
lows. — Because swine have little ability 
to get rid of excess heat, they suffer 
greatly in very hot weather unless they 
have access to a wallow where they can 
wet their bodies, and unless good shade 
is provided. (233-234) 



Slop-feeding Has Been Mostly Discontinued 


Slop-feeding is not generally superior to dry-feeding, and it requires more labor. 


saving by pelleting a ration of this kind 
will not be more than about 20 per cent. 
There is apparently much less advan- 
tage in pelleting a mixture of ground 
corn and supplements. 

1438. Feeding platforms. — It is ad- 
visable to place self-feeders on platforms 
in the pasture or outside lot, so that the 
pigs can salvage feed that may be nosed 
out of the self-feeder. It also pays well 
to have feeding platforms in hog lots 
where ear corn is fed during the rainy 
season. Thus, in a Kentucky test during 
the fall, the feed cost of 100 lbs. gain 
was 14 per cent less when ear com was 
fed on a platform than when it was fed 
on the muddy ground, 144 


In California experiments in which 
swine were kept in rooms where the 
temperature and the humidity were both 
controlled, a continued air temperature 
of 100° F. even caused death, if the 
skin was not wet. 140 The cooling effect of 
evaporation from the wet body surface 
was very important at high air tempera- 
tures. 

The importance of shade in hot 
weather is shown by Mississippi trials. 147 
Exposure to sunlight for only 15 minutes 
at air temperatures of 82 to 90° F. caused 
distress in pigs, raising the body tem- 
perature and greatly increasing the res- 
piration rate. Providing good shade for 
growing and fattening pigs increased the 
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gain and the feed efficiency. These ex- 
periments show that where the summer 
weather is very hot, it is extremely im- 
portant to provide a sanitary concrete or 
portable wallow for swine, and also 
plenty of shade. 148 

In the California studies, pigs 
weighing 50 to 125 lbs. made the most 
rapid and efficient gains at an air tem- 
perature of about 73° F., while a tem- 
perature of about 61° F. was optimum 
for heavier hogs. 


small portable houses, or colony houses. 
Many use a combination of the two sys- 
tems, for in the northern states the cen- 
tral house is well suited for winter shelter 
and early spring farrowing, while the 
portable houses are particularly useful 
for housing pigs on pasture. 

Portable houses may also be used for 
winter shelter, even where the weather 
is cold. They will be fairly warm if corn 
stalks, horse manure, or other litter is 
banked against the sides of the houses. 



Colony Houses Banked with Straw for Winter 

Colony houses thus protected provide comfortable winter quarters for all but small 
pigs, even in the northern states. 


Where the summers are very hot, 
pigs make more rapid and more economi- 
cal gains in winter than in summer. 149 

1440. Shelter. — Even where the 
winters are cold, inexpensive shelter is 
all that is necessary for swine. The es- 
sentials for healthful winter shelter are 
freedom from dampness, good ventila- 
tion without drafts, sunlight, reasonable 
warmth, and a moderate amount of dry 
bedding. The quarters should be on well- 
drained ground and be so arranged that 
they can be thoroughly cleaned and dis- 
infected. 

Swine may be housed in a central 
hog house with a number of pens or in 


A strong sack may be hung in the door- 
way to keep out the cold and yet allow 
the hogs to go back and forth at will. 
For very young pigs a lantern may be 
hung in the portable house to keep the 
temperature comfortable. 

Even in the northern states, brood 
sows wintered in cheap portable houses 
do not require much more feed than do 
those in a central house, especially if the 
houses are well protected. In trials dur- 
ing 4 winters at the Wisconsin Station, 
pregnant gilts were wintered in shed- 
roof colony houses made of a single thick- 
ness of boards. 150 The opening through 
which the sows entered was left open 
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at all times so they could come and go at 
will, and no litter was banked up against 
the houses to make them warmer. At 
farrowing time the sows were removed to 
farrowing pens in the central bam. 

The feed cost of wintering these 
sows was 16 per cent higher than for 
sows kept in a central hog barn and al- 
lowed to run at will in an exercise pad- 
dock during the day. However, this 
greater feed cost was offset by the fact 
that a larger proportion of the pigs from 
the sows housed in the portable houses 
were vigorous. Tills was probably be- 


ters. For example, in 3 Michigan trials 
fall pigs housed in portable houses dur- 
ing winter made as rapid gains as those 
in a central house, and they required no 
more feed per 100 lbs. gain. 151 

Where the winters are more severe, 
a considerable saving in feed may be 
made by providing warmer shelter. Thus, 
at the Ottawa, Ontario, Station pigs 
weighing 70 lbs. at the start that were 
housed in portable houses during the 
winter required 44 per cent more feed 
than others in a well-built central 
house. 152 Brood sows in the portable 



Exercise Is Important for Brood Sows in Winter 

Brood sows housed in these unprotected colony houses at the Wisconsin Station required 
16 per cent more feed than those kept in a central hog house, but the percentage of vigorous 
pigs they farrowed was higher, because they took more exercise. 


cause the sows took more exercise; they 
were out in the sunlight more; and they 
were able to get a small amount of green 
grass from the paddocks in which the 
portable houses were located. All these 
factors are important in enabling sows to 
produce thrifty litters. 

For very young pigs, there is more 
advantage from warmer shelter. In the 
northern states a well-ventilated central 
hog house is therefore best for sows that 
farrow in cold weather. However, even 
in the northern part of the corn belt, 
many fanners raise early spring pigs very 
successfully in well-protected colony 
houses. 

Fall pigs that get a good start be- 
fore cold weather comes on will do well 
in portable houses during northern win- 


houses required only 25 per cent more 
feed than those in the warmer quarters, 
showing that large animals can with- 
stand severe cold better than small ones. 
The health of the animals was good un- 
der both conditions. 

In a Kansas test during a winter in 
which the temperatures at 8 a. m. ranged 
from 31° F. to —12° F., large hogs in 
warm quarters required 25 per cent less 
feed than those kept without shelter in a 
yard protected only by a high board 
fence on the north. 153 

1441. Exercise. — Sufficient exercise 
is highly important for breeding swine 
and also for young pigs. 154 Even for fat- 
tening pigs, limited exercise is preferable 
to very close confinement. In addition to 
the benefits from the exercise itself, when 
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swine are out-of-doors in outside pad- 
docks a considerable part of the day they 
are protected against a deficiency of 
vitamin D, through the effect of direct 
sunlight. Also, swine that have access to 
outside paddocks may get some green 
feed, even during the winter. Though 
the amount of green forage they eat may 
be small, it is often of much value in 
keeping them thrifty. 

So that brood sows will exercise in 
winter, it is advisable to feed them at 
the end of the paddock farthest from 
their sleeping quarters. Here there should 
be a rack filled with choice legume hay. 
The sows will thus not only secure 
needed vitamins, calcium, and protein, 
but also they will get considerable exer- 
cise, instead of lying in their pens most 
of the time. 

Indiana experiments show that too 
much exercise reduces the gains and the 
feed efficiency of growing and fattening 
pigs. 155 Pigs that were exercised by driv- 
ing them one-half mile each day made 
less rapid gains and required slightly 
more feed per 100 lbs. gain than others 
which were confined to a small feed lot. 

1442. Barrows; sows. — Up to the 
usual market weights, barrows make only 
a trifle more rapid and economical gains 
than do open sows. The slight difference 
is due to restlessness of the sows during 
the estrus periods. In Wisconsin and 
Minnesota studies the difference in aver- 
age daily gains for barrows and gilts was 
only 0.02 to 0.08 lb. per head daily. 156 

In experiments where the yields of 
dressed carcass and of the various cuts 
from barrows and from unbred gilts have 
been determined, there has been no con- 
sistent difference in the dressing per- 
centage. 157 Gilts tend to have a slightly 
smaller proportion of fat at a given age, 
which is opposite to the condition in cat- 
tle. The yield of hams is generally slightly 
higher for gilts, and that of bacon slightly 
less. In an Illinois test the meat from 
barrows was slightly tougher, on the aver- 
age, than from gilts. 158 

In the chief pork producing regions 
of this country it is a common practice 
to fatten sows for market following the 
weaning of their first or second litters. 


In a Wisconsin trial thin sows fed a well- 
balanced ration gained 2.5 lbs. a day for 
a period of 56 days and required about 
the same amount of feed per pound of 
gain as growing and fattening pigs fed 
a similar ration. 159 

Many farmers follow the practice of 
breeding the sows at the beginning of 
the fattening period, as they believe this 
results in faster and more economical 
gains. In South Dakota tests in which 
sows were fattened for about 2 months, 
the average daily gain of sows that had 
been bred was 0.26 lb. more than for 
sows that had not been bred, and the 
feed cost per 100 lbs. gain was 77 cents 
less. 160 However, these advantages were 
more than offset by the fact that the 
bred sows sold for an average of 34 
cents less per hundredweight. 

Slaughter tests showed that the bred 
sows averaged slightly lower in dressing 
percentage, in grade of carcass, and es- 
pecially in grade of bacon belly. It was 
concluded that the breeding of sows dur- 
ing the fattening period was undesirable 
from the standpoint of both producer and 
packer. 

Spaying sows before fattening them 
is of no advantage, for unspayed sows 
make just as good gains. 161 

1443. Types of swine. — It is out- 
side the scope of this book to discuss 
the breeds and breeding of livestock. 
Therefore, only certain very general 
statements can 'be made concerning the 
types of swine. 

Extensive swine breeding investiga- 
tions have been and are being conducted 
by the United States Department of Ag- 
riculture, in cooperation with several of 
the state experiment stations. The object 
of these experiments is to develop strains 
or breeds of swine that excel in rate and 
economy of gain and that produce the 
kind of carcasses that meet present-day 
demands better than the former lard-type 
hogs. 

In addition to producing strains or 
lines of the older breeds which meet 
these demands better, new breeds have 
been developed by crossing swine of our 
common American breeds with the bacon 
breeds. Such new breeds are Beltsville 
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No. 1 and No. 2, Maryland No. 1, Minne- at a central feeding station, where a 
sota No. 1 and No. 2, and Montana careful record is kept of feed consumed 
No. 1. and gains made. Representative pigs 

Experiments show that the amount from each litter are slaughtered in order 
of feed required per 100 lbs. gain to to secure data on the desirability of the ? 

market weights by meat-type hogs is no carcasses. This method of swine testing k 

greater and usually somewhat less than has also been used effectively in Canada, 
for the old-fashioned over-fat kind. 162 Since rapid-gaining pigs usually 

/ The modern meat-type hogs meet make the most economical gains, pig- 

the demand in this country for leaner recording systems have been developed 
but well-finished carcasses. For the pro- in Sweden, Great Britain, and some 
duction of very superior bacon, which other countries. These are often corn- 
commands a decided premium in Great bined with the milk-recording service for 
Britain and some other countries, the dis- dairy herds. Under these systems the 
tinct bacon breeds are preferred. pigs are ear-notched and weighed at a 

1444. Swine improvement; produc- definite age by an inspector. These 
tion records. — In order to secure the best records are used as a basis for the selec- 

returns from swine it is necessary to tion of breeding stock. I 

have well-bred breeding stock. The sows I n order to promote more efficient 

and boar should be carefully selected P ork production, various swine registry 
from strains of swine that excel in the associations in this country have adopted 
following characteristics: (1) They pro- a standardized "production registry” for 
duce good-sized litters of thrifty pigs; brood sows and boars. To qualify for 
(2) their pigs make rapid gains and entr y in production registry, a sow 
therefore usually economical gains; (3) must meet certain definite requirements, 
their pigs yield" carcasses that meet the based on the number of pigs raised per 
present market demands. litter in 2 Otters and on tbe total weight 

Disposition and milk yield are also of the litter at 56 days of age. Boars are 
important factors to consider in select- admitted to the production registry when 
ing sows to retain in the herd. If a sow the y bave sired a certain number of sows 
has a mean disposition or if she is care- that bave qualified for the registry. . j 

less, she may crush or injure a considera- 1445. Dressing percentage. — It was 

ble percentage of the pigs she farrows, found in studies by the United States De- 
If a sow does not have a good flow of partment of Agriculture that the dressing 
milk, her pigs will fail to make good percentage in winter of hogs dressed 
gains. "shipper style,” with heads on and with- 

A herd record should be kept in out the leaf fat, kidneys, and ham fac- 
which the number of pigs farrowed and ings being removed, averaged 78 per 
the number raised by each sow are re- cent, based on purchase weights and for 
corded, with notations as to whether the hogs in transit 12 hours after purchase. 104 
pigs make good gains. Only gilts from The dressing percentage averaged only 
the best sows, as shown by this record, 74.5 per cent for hogs in transit 84 hours, 
should be retained for the breeding herd. It was slightly lower in summer than in 
To identify the pigs, they should be ear- winter. The dressing percentage for hogs 
notched or otherwise marked at birth. dressed "packer style,” with the head off 
Outstanding progress has been made and the leaf fat, kidneys, and ham facings 
in Denmark and certain other European removed, will be about 8 per cent less 
countries in using production records for than for those dressed "shipper style.” 
swine improvement. In Denmark herds The chief factor affecting the dress- 

of swine of approved type are designated ing percentage is the degree of fatness, 
as breeding centers. 103 To ascertain the It has been pointed out previously that 
strains which are superior in these herds, when pigs are fed a limited ration dur- 
4 pigs are selected from a litter and fed ing the finishing period, the dressing 
to market weights on a standard ration percentage is a little lower than in the 
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case of full-fed pigs at the same market 
weight. (1429) 

In Ohio studies there was a low 
oint in dressing percentage in Septem- 
er and October, probably due to the 
marketing of pigs that were not very well 
finished, 165 The dressing percentage then 
increased gradually and reached a high 
point in January and February. 

1446. Soft pork. — Certain feeds, 
especially soybeans, peanuts, rice bran, 
rice polish, and chufas, tend to produce 


be just as attractive and palatable as that 
from a firm carcass. However, there will 
be more wastage in cooking, because of 
a greater loss of fat. 

It is impossible to determine whether 
or not hogs will have soft carcasses by 
handling them when alive, as the fat is 
fluid at body temperature even in the 
case of hogs that yield hard carcasses. In 
sections where there is considerable trou- 
ble from soft pork, the packer usually 
protects himself against loss by paying 



Fattening Pigs Fed Ear Corn on Pasture 

Corn is most commonly fed to swine in the form of ear corn or shelled corn. 


soft pork when fed to pigs in considera- 
ble amounts. The products from hog car- 
casses that are soft are undesirable from 
the standpoint of both the processor and 
the consumer, and therefore sell at a de- 
cided discount. 

Lard from soft hogs does not harden 
at ordinary temperatures. The bacon is 
soft and flabby, and it is difficult to slice, 
even with a machine. The loins are 
smeary and unattractive. The hams are 
less affected, as they have a smaller pro- 
portion of fat. When the pork is very 
soft, oil will drip from hams or bacon in 
the smoke house, thus increasing the 
shrinkage. Unless the carcass is ex- 
tremely soft, the meat after cooking may 


a lower price for all hogs, or buys them 
subject to a discount if they kill soft. 

Extensive experiments have been 
conducted by the United States Depart- 
ment of Agriculture and various experi- 
ment stations to study the soft pork prob- 
lem and especially to find the extent to 
which softening feeds can be used with- 
out producing soft pork. 160 

These investigations have shown 
that the body fat which swine make from 
carbohydrates or protein in their food has 
a melting point sufficiently high to be 
hard and firm at ordinary room tempera- 
tures. However, fat in the feed may be 
converted into body fat with but little 
change. Therefore, when swine receive 
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such feeds as soybeans and peanuts, that 
are high in fat, much of the rat deposited 
in their bodies comes from this source. 
Since the fat in these feeds is liquid at 
ordinary temperatures, soft pork results 
if much of the body fat comes from this 
source. 

. The grains also contain fat which is 
liquid at ordinary temperatures and 
which will produce soft pork if fed in 
large enough amounts. However, the per- 
centage of fat in the grains is relatively 
low. When pigs are fed on grain and 
supplements that are not high in fat, most 
of the body fat is therefore made from 
the carbohydrates, and not from the fat 
in the feed. Such rations hence produce 
firm pork. 

Com and oats, which have con- 
siderably more fat than the other grains, 
have some tendency to soften pork. Oats 
have a more marked effect than does 
corn, because of their higher fat con- 
tent. Barley, wheat, rye, and the grain 
sorghums tend to produce hard pork, 
because of their lower fat content. 

When pigs are well fattened on 
corn and such supplements as tankage, 
meat scrap, fish meal, or dairy by- 
products, their carcasses are sufficiently 
firm and hard to meet the requirements 
of the markets in the United States. How- 
ever, for the production of the type of 
bacon that commands a premium in Eng- 
land, a harder carcass is necessary. There- 
fore, corn should not form too large a 
part of the ration when such bacon is to 
be produced. 

Pigs that make rapid gains usually 
yield firmer carcasses than do pigs which 
have gained only slowly on the same 
combination of feeds. This is because 
fast-gaining pigs make a larger propor- 
tion of the stored fat from carbohydrates 
in the ration, and less comes from the 
fat in the feed. 

1447. Preventing soft pork. — In us- 
ing feeds that have a softening effect on 
the carcass, soft pork can be prevented 
when either of two methods is used: 
(I) The softening feed is fed only to 
brood sows and to young pigs up to cer- 
tain weights. The pigs are then fed until 
they reach market weight on a ration 


which produces hard pork. (2) A hard- 
ening ration is fed to the pigs until they 
reach certain weights, and then they are 
fed a ration which includes only a very 
limited proportion of the softening feed. 
(804) 

North Carolina investigations show 
that to produce firm carcasses pigs can- 
not be fed a total per head of more than 
90 to 100 lbs. of peanuts (on the shelled 
basis). 167 The peanut feeding must start 
when the pigs weigh 60 lbs. or less, and 
after the stated amount has been fed, the 
pigs should be finished on a hardening 
ration of corn and supplements, contain- 
ing 13 to 15 per cent of cottonseed meal. 
The gain in weight during the hardening 
period should be 3.5 times that during 
the period when peanuts are fed. 

As stated in Chapter XXII, nearly 
one-third of the peanut acreage in this 
country is harvested by hogging down 
with growing and fattening pigs, in spite 
of the fact that this produces soft pork. 
(839) This is because of the cheapness 
of this method of producing pork. 

It is also shown in Chapter XXII 
that more than 10 per cent of soybeans 
in die ration has a decided softening ef- 
fect on the carcass, if continued through- 
out the fattening period. (804) The 
tendency to produce soft pork is reduced 
if pigs in dry lot weigh at least 125 lbs. 
when soybean feeding is begun, and 
those on pasture at least 75 lbs. Hog- 
ging down ripe soybeans produces soft 
pork. Soybean oil meal does not produce 
soft pork when fed in any ordinary 
amount. 

The effects of other feeds upon the 
character of pork have been discussed 
in the various chapters of Part II. If a 
ration for pigs contains more than one- 
half hominy feed of the usual fat 
content, the carcasses are apt to be 
somewhat soft. (708) Too large a pro- 
portion of rice bran or rice polishings 
produces a marked softening effect on 
the carcass. (784, 785) 

Certain feeds have much more of 
a hardening effect than a ration of corn 
and tankage. Cottonseed meal has such 
an effect. Therefore an excellent ration 
for hardening the carcasses is corn sup- 
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plemented by a combination of cotton- 
seed meal and either tankage or fish 
meal. (818) Brewers’ rice and sweet po- 
tatoes also produce firm pork, because of 
the very low content of fat. 

1448. Production of high-quality 
bacon. — Consumers generally prefer ba- 
con that has a good “streak” of lean 
meat, and which is firm and of fair thick- 
ness. In the United States most of the 
best bacon is made from the leaner pigs 
of the meat type. However, in Great 
Britain there has long been a demand 
for a very superior quality of bacon, 
marketed under the name of “Wiltshire 
sides.” 

This demand is met by pigs pro- 
duced there and by importation, chiefly 
from Denmark, Ireland, and Canada. 
A Wiltshire side comprises the entire 
half of the dressed pig, minus the head, 
shanks, shoulder bone, and hip bone. All 
of the side, except the ham and the 
shoulder, is sold as “bacon.” 

Wiltshire sides are made from choice 
pigs that have proper length of body, a 
nigh proportion of lean meat, a medium 
covering of fat on the back (preferably 
1.0 to 1.5 inches thick) and bellies 
smoothly finished with firm fat. Even a 
slight degree of softness of fat, that 
would not be very objectionable on our 
markets, will disqualify a carcass for 
high-quality Wiltshire sides. 

Full-feeding pigs a concentrated ra- 
tion throughout growth and fattening is 
apt to produce carcasses having too much 
fat and too little lean to meet the re- 
quirements for Grade A bacon carcasses 
on Canadian markets. It has been shown 
previously that the carcasses are leaner 
when pigs are fed liberally during early 
growth and then are restricted in energy 
intake during the finishing period. 
(1429) 

Hand-feeding a limited ration after 
the pigs reach a weight of 100 to 125 
lbs. is one way of reducing the energy 
intake. However, this requires more labor 
than does self -feeding. Also, the greediest 
pigs often get much more than their 
share of feed, and as a result axe actually 
full-fed. 

Recent Canadian experiments show 


that the desired type of carcass can be 
secured if sufficient very bulky feed, such 
as ground legume hay or wheat bran, is 
included in a self-fed mixture, so as to 
reduce the gain during the finishing 
period to about 1.25 lbs. per head 
daily. 168 Pigs thus fed may require 
slightly more feed per 100 lbs. gain than ^ 
those which are full-fed a concentrated 
ration. However, this will be offset by 
the larger proportion of the carcasses 
that receive the Grade A premium on 
the Canadian markets. 

Barley ranks above wheat or corn 
for the production of bacon of highest 
quality. It not only produces firm car- 
casses, but also it tends to produce a 
larger proportion of lean, because it has 
somewhat more fiber. However, when 
barley is the only grain in a full-fed ra- 
tion, leaner carcasses are produced when 
the nutrient intake is reduced during the 
finishing period. Therefore, feeding a 
combination of barley and oats or add- 
ing a still more bulky feed makes leaner 
carcasses. 

Skimmilk, buttermilk, or whey, fed 
in combination with grain, make excel- 
lent bacon. Such pastures as alfalfa, 
clover, or rape also help to produce high- 
quality bacon carcasses. 

QUESTIONS 

1. Compare the efficiency of pigs and other 

classes of stock as meat producers. 

2. Discuss the rate and economy of gain 

by pigs of various weights. 

3. At what weights should "pigs commonly 

be marketed in the United States? 

4. Why do swine suffer from nutritive de- 

ficiencies more frequently than do cat- 
tle, sheep, or horses? 

5. Compare the ability of swine and of 

ruminants to digest various classes of 
feeds. 

6. Discuss the importance of good pasture 

or legume hay for swine. 

7. Name 5 protein supplements that pro- 

vide protein of good quality for swine. 

8. Name 7 protein supplements that are 

unsatisfactory when fed as the only 
supplements to swine not on pasture. 

9. Discuss the amounts of protein required 

by swine. 

10. State a common ration that is deficient 
in tryptophan for young pigs. How 
can the lack be corrected? 
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11. State a combination of feeds that is well 

adapted to self-feeding by the free- 
choice plan. State a combination of 
feeds which is not suited to free- 
choice feeding. 

12. Discuss the use of protein supplements 

with the cereal grains for pigs not on 
pasture. 

f ' 13. Under what conditions would you feed 
a protein supplement to pigs fed grain 
on good pasture? When is it more eco- 
nomical not to use a supplement? 

14. Discuss the need of pigs for fat. 

15. What is the effect of adding surplus 

animal fat to a ration for pigs? 

16. Of what importance is the fiber content 

in rations for growing and fattening 
pigs? 

17. Discuss the requirements of swine for 

salt 

18. State in detail the kind of rations for 

swine; (a) That require a calcium 
supplement; (b) that require a phos- 
phorus supplement; (c) that need no 
calcium or phosphorus supplement. 

19. What are the approximate minimum per- 

centages of calcium and of phosphorus 
that swine rations should contain? 

20. How can goiter or hairlessness in new- 

born pigs be prevented? 

21. Give 3 methods of preventing anemia in 

suckling pigs. 

22. Discuss the trace mineral needs of swine. 

23. Discuss the use of simple versus complex 

mineral mixtures for swine. 

24. State the conditions under which swine 

have an abundant supply of vitamin 
A value and the conditions under 
which there will be a deficiency. 

25. State the same facts for vitamin D. 

26. Which B-complex vitamins may be de- 

ficient in balanced rations for swine? 

27. What feeds will correct a lack of: (a) 

Riboflavin; (b) niacin; (c) pantothe- 
nic acid; ( d ) vitamin Bis? 

28. What is known about the need for un- 

identified vitamins by young pigs? 

29. Under what conditions is it beneficial to 

add a B-complex supplement to ra- 
tions? 

30. Discuss the importance of legume hay 

as insurance against vitamin deficiency. 

31. In what sort of ration for growing and 

fattening pigs would you use only 5 
per cent of legume hay? In what kind 
of ration would you use 10 to 15 per 
cent of legume hay? 

32. Discuss the use of other vitamin supple- 

ments for dry-lot feeding. 

33. What is a trio mixture? Why are trio 


mixtures and similar combinations su- 
perior to tankage or fish meal as the 
supplement to grain for young pigs 
in dry lot? 

34. In what different ways may a trio mix- 

ture and similar combinations be fed? 

35. In what ways can the trio mixture be 

modified? 

36. State the formula for another efficient 

supplemental mixture for pigs not on 
pasture. 

37. State 2 combinations that are superior 

to tankage or meat scrap alone as the 
supplement for pigs on pasture. 

38. Discuss antibiotic feed supplements for: 

(a) Growing and fattening pigs; (b) 
brood sows. 

39. Would you add an arsonic supplement 

or a surfactant to an efficient ration 
that contains an antibiotic supple- 
ment? 

40. Discuss hormones for pigs. 

41. Discuss the water requirements of swine. 

42. At what times during the year should 

pigs be marketed to bring the highest 
prices, on the average? 

43. What effect may the level of feeding 

have on the carcasses of pigs? 

44. Discuss limited-feeding vs. full-feeding 

of pigs; (a) On pasture; (b) in dry 
lot. 

45. What results have been secured in ex- 

periments in which self-feeding of 
pigs has been compared with hand- 
feeding: (a) In dry lot; (b) on pas- 
ture? 

46. What grains should commonly be ground 

for swine? 

47. What feeds for swine may be improved 

by soaking? 

48. Under what conditions may it be desir- 

able to feed concentrates to pigs in 
the form of a slop? 

49. Discuss: (a) Cooking feed; (b) pellet- 

ing feed; (c) use of feeding platforms. 

50. How can the bad effect of very hot 

weather on swine be prevented? 

51. Discuss; (a) Shelter for swine; (b) ex- 

ercise; (c) barrows vs. gilts; (d) fat- 
tening sows. 

52. What type of swine best meets present 

consumer demands in this country? 

53. What methods have been used in Europe 

for improving the quality of swine car- 
casses and increasing the efficiency of 
production? 

54. What is the production registry for 

swine? 

55. What is the average dressing percentage 

of swine in winter? 
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56. Discuss the soft pork problem, stating 

the feeds that produce soft pork and 
describing the extent to which peanuts 
can be fed to pigs without producing 
soft pork. 

57. Discuss the special requirements for the 

production of choice bacon to be mar- 
keted as “Wiltshire sides.” 
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Every Litter Needs Good Pasture 

Nothing is more important in swine raising than furnishing good pasture just as early 
as possible for the brood sows and their litters. 

has been emphasized in the previous 
chapter. (1383) 

Not only does good pasturage fur- 
nish digestible nutrients at low cost, but 
still more important, it provides insur- 
ance against any deficiency of vitamins. 

In addition, the best pasture crops are 
rich in protein of fairly good quality and 
they are high in calcium. 

Good pasture is especially impor- 


Another advantage of keeping swine 
on pasture is that it builds up soil fer- 
tility, because the manure is well dis- 
tributed over the field. When swine are 
kept in small unpaved hog lots, often 
but little use is made of the manure and 
much fertility is wasted. 

Because of the many advantages 
and the great economy of pasture for 
swine, the largest net returns can usually 
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be secured only when an abundance of 
first-rate pasture is provided during as 
much of the year as is possible. 

In the southern states good pasture 
can even be provided during all or most 
of the winter. In the North there should 
be good pasture for the brood sows and 
their litters in the spring; for the grow- 
ing and fattening pigs from weaning time 
until market or until frost kills the crop; 
for the brood sows and boar throughout 
the growing season; and especially for 
any fall pigs. 

It must be borne in mind that good 
pasture means not only pasture which 
furnishes plenty of palatable feed, but 
also pasture that is not contaminated 
with round worms and other swine para- 
sites. It is emphasized later in this chap- 
ter that to prevent serious trouble from 
internal parasites, a system of swine sani- 
tation should be followed, in which pigs 
are on clean pasture throughout the sea- 
son, instead of being kept in filthy hog 
lots. ( 1491 ) 

Occasionally, statements are made 
that pigs fattened on pasture do not yield 
as desirable carcasses as those finished 
in dry lot. Experiments have shown, 
however, that when pigs are properly 
fattened on pasture by feeding a liberal 
amount of grain in a balanced ration, the 
carcasses are fully equal to those from 
dry-lot feeding. 1 

Sometimes a plan of producing pork 
is advocated in which no pasture what- 
soever is used, but instead all swine are 
confined to inside pens with access to 
outside paved lots. As has been em- 
phasized in the preceding chapter, it is 
difficult to prevent nutritional deficiencies 
when swine never have access to pasture. 
(1384) The use of pasture, especially for 
brood sows and young pigs, therefore 
seems decidedly preferable to keeping 
swine continuously on concrete. When 
pigs are fed in dry-lot from weaning 
time to market, it is important that they 
first get a good start on first-rate pas- 
ture. 

1450. Various pasture crops. — The 
choice of pasture crops for any partic- 
ular section will depend primarily on 
the soil and climatic conditions. Those 


pasture crops are best for any locality | j 

which give high yields of palatable, nu- 
tritious forage over a long season, at a 
low cost for growing the crop. Detailed 
information is given in Chapter XIII 
concerning pastures and pasture im- | i 
provement and management. The many I 

different crops suitable for pasture are 
discussed in other chapters of Part II. 

Wherever they thrive either alfalfa 
or Ladino clover ranks first as a pasture 
crop for swine. They provide excellent 
forage over a longer season than most 
other forage crops, and are very rich in 
protein, calcium and vitamins. A mixture 
of these legumes with a moderate amount 
of grass may be equal to the legume 
alone, and endure longer in the pasture. 

Red clover also is excellent for swine 
pasture, but generally provides less feed 
in midsummer. Alsike clover is suitable 
for soils too wet or too acid for red clover. 

White clover is important in mixed and 
permanent pastures, for it greatly im- 
proves grass pasture. Sweet clover may 
be used in districts where it thrives bet- 
ter than alfalfa or red clover, but in other 
sections it is decidedly inferior to them. 

Lespedeza is one of the most valua- 
ble pasture crops in the South. Soybeans 
furnish good forage for only a rather 
short season and are therefore less valua- 
ble for pasture than alfalfa, Ladino 
clover, or red clover, where the latter 
thrive. Cowpeas are a useful pasture crop 
for poor soil in the South, but are ex- 
celled by soybeans on good soil. 

Rape is the best single annual pas- 
ture crop for swine where it thrives, and 
is nearly equal to alfalfa or red clover 
in value per acre. If not pastured too 
heavily, early-sown rape will furnish good 
forage from early summer until late in 
the fall, for the plants are not killed by 
ordinary frosts. In the northern-most f ■ ; 

states a combination of rape with oats or 
barley, or with oats and peas, may be 
slightly superior to rape alone. 

Permanent grass pasture, such as 
bluegrass, furnishes good forage in spring 
and in autumn, but often supplies little 
feed in mid-summer. Other pasture 
should therefore be provided for this 
season. Bromegrass and orchard grass 
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furnish pasture over a longer season than 
bluegrass, and much more forage in mid- 
summer. However, they are more valua- 
ble when combined with a suitable leg- 
ume. 

Pigs on grass pasture require a some- 
what greater amount of protein supple- 
ment than those on such protein-rich 
pasture crops as alfalfa, clover, or rape. 
Sudan grass is a satisfactory pasture crop 
where the climate is too dry for better 
pastures. 

Winter cereals provide excellent late 
fall and early spring pasture in the north- 
ern states. In the South first-rate pasture 
can be furnished during much of the 
winter by winter cereals or by crimson 
clover and rye grass. 

1451. Essentials on pasture. — Swine 
on pasture should be provided with an 
abundant supply of fresh water and with 
shade. Salt should always be furnished, 
except possibly when tankage, meat 
scrap, or fish meal is fed as the only sup- 
plement. (1398) 

It is often necessary to ring hogs 
to prevent serious damage to a pasture 
by rooting. Swine that are fed well-bal- 
anced rations are much less apt to root 
than are dissatisfied hogs fed an inef- 
ficient ration, but the feeding of a good 
ration is no insurance against rooting. 

Sometimes it is not necessary to ring 
spring pigs which will be sold in the 
fall at the close of the pasture season, 
for they are less apt to root than are 
older hogs. However, the pasture lots 
must be watched closely, and if the pigs 
start to root badly, it will be necessary to 
ring them at once, especially if they are 
on a permanent pasture, such as alfalfa 
or bluegrass. Even if fed good rations, 
pigs are apt to begin rooting after hard 
summer or fall rains, in order to get the 
earth worms which then come close to 
the surface of the ground. This is not 
surprising, since in its natural state the 
hog gained its living largely by rooting. 
On annual crops, such as rape, it is not 
usually necessary to ring pigs if they are 
fed well-balanced rations. 



1452. Value of pasture in pork pro- 
duction. — The importance of good pas- 
ture in increasing the net returns from 


swine is well shown by 1,419 yearly cost 
accounting records of pork production on 
Minnesota farms. 2 On farms where swine 
had good pasture (legumes, rape, or rape 
combined with small grain), an average 
of only 486 lbs. of feed (including that 
eaten by the breeding herd) were re- 
quired per 100 lbs. of hogs marketed. 
On farms where the swine had no pas- 
ture, the feed requirement was 522 lbs., 
and on farms where the only swine pas- 
ture was timothy or bluegrass, it was 509 
lbs. 

The difference was even greater In 
the net return over cost of feed per 100 
lbs. of hogs marketed. This was $1.70 per 
100 lbs. on the farms with good swine 
pasture, but only $1.22 on the';, farms 
with no swine pasture and $1.37 for 
those with grass pasture for swine. The 
net return over cost of feed was there- 
fore 39 per cent greater where good pas- 
ture was provided than where the hogs 
were kept in dry lot. 

1453. Pasture vs. dry lot for grow- 
ing and fattening pigs. — Though good 
pasture is most important for brood sows 
and young pigs, numerous experiments 
have shown that it also has a high value 
for growing and fattening pigs, even 
those that have gotten a good start on 
pasture. 

The advantage from pasture-feeding 
in comparison with feeding an efficient 
ration in dry lot is shown by the results 
secured in 40 experiments. 3 In each trial 
one lot of pigs was full-fed corn and a 
suitable supplement on good pasture 
from shortly after weaning until the pigs 
reached market weight. Another lot was 
fed in dry lot on com and an efficient 
modern supplement which contained 
ground legume hay. 

The pigs on pasture gained 1.43 
lbs. per head daily and required 359 lbs. 
concentrates per 100 lbs. gain. Those fed 
the efficient ration in dry lot gained 
nearly as rapidly (1.40 lbs. a day), but 
they consumed 399 lbs. of feed per 100 
lbs. gain. Thus, 40 lbs. more concentrates, 
or 11 per cent more, were required per 
100 lbs. gain by the dry-lot pigs. The 
greater part of this additional feed was 
expensive protein supplement, for pigs 
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in dry lot need much more protein 
supplement than do pigs on good pas- 
ture. 

In the earlier experiments, compar- 
ing pasture-feeding with dry-lot feeding, 
there was a considerably greater differ- 
ence in the results. This was because the 
dry-lot pigs were fed such a ration as 
corn and tankage. As has been em- 
phasized in the preceding chapter, this 
sort of ration is much less satisfactory 
for pigs in dry lot than efficient modern 
rations that include legume hay and a 
suitable combination of protein supple- 
ments. (1418-1420) 

The opinion is sometimes held that 
pigs which have been raised to a weight 
of 100 to 150 lbs. on pasture will make 
more rapid and economical gains during 
the final fattening period if they are fin- 
ished in dry lot, where they get less 
exercise. However, in New York experi- 
ments conducted during 6 summers to 
study this method, the gains were about 
as rapid and slightly more economical 
when the pigs were kept on good pas- 
ture until they were ready for market. 4 
Keeping pigs on pasture until they are 
ready for market saves the labor of clean- 
ing out manure from the hog barn. 

When pigs are full-fed grain and 
supplement on good pasture, an acre of 
pasture should provide enough forage for 
15 to 20 pigs from weaning time to the 
end of the pasture season. Pigs fed only 
a limited amount of concentrates need 
more pasture. 

If pasture feeding is compared with 
an efficient dry-lot ration, such as corn 
and a trio-type supplemental mixture, 
an acre of good pasture for full-fed pigs 
will usually save 300 to 500 lbs. grain 
and 450 to 700 lbs. supplement. 

The stand of alfalfa or Ladino clover 
is injured by continuous close grazing. 
Therefore, if one wishes to maintain the 
stand for several years, it is best to pro- 
vide a sufficient area of these crops so 
that considerable forage will grow up to 
be cut for hay once or twice during the 
season. Alfalfa should carry at least 8 
to 10 full-fed pigs per acre throughout 
the summer with no danger to the stand. 
(466) 


II. The Breeding Herd 

1454. Selecting the brood sows and 
boar. — For efficiency in pork production, 
it is necessaiy, first of all, to have breed- 
ing stock of the right kind. The sows 
and boar should be of the proper type 
and conformation to produce finished 
hogs that meet the market demands. 
Also, they should be selected from strains 
of swine that excel in rapidity and econ- 
omy of gains. Fully as important as these 
essentials, is the prolificacy of the sows 
and their ability to raise good-sized litters 
of pigs. 

It costs nearly as much to feed and 
care for a sow that raises a litter of only 
3 to 5 pigs to weaning age as a sow that 
raises 7 or 8 pigs or more. Therefore, to 
reduce the cost per pig at weaning time, 
the sows must have large fitters of thrifty 
pigs and also be good mothers, so they 
will raise nearly all of the pigs that they 
farrow. 

To build up an efficient herd the 
pigs should be ear-notched or otherwise 
marked, and breeding records should be 
kept. The sows that have proven to be 
unproductive can then be culled from 
the herd and replaced by gilts from the 
best sows. These will be the ones that are 
good mothers and raise large litters of 
pigs of good type which make rapid gains 
in weight. Such pigs produce pork much 
more economically than do those which 
gain slowly. 

1455. Proper feed and care neces- 
sary for profits. — In securing a good 
profit from hogs nothing is of greater im- 
portance than proper feeding and care 
of the brood sows and boars. Every year 
thousands of farmers are grievously dis- 
appointed at farrowing time by seeing 
their possible profits vanish when the 
sows produce unsatisfactory fitters. 

Either the number of pigs in the 
litters is small, or the pigs are so weak 
that many die or survive only to become 
unprofitable runts. In most cases such re- 
sults are due to lack of proper feed and 
care. Yet the needs of brood sows are 
relatively simple and easily met. 

The most important essentials in the 
feeding and care of brood sows are: (1) 
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Ability to Raise Good-sized Litters Essential 

For economical pork production, the sows must have the ability to raise 
litters of thrifty pigs. 


given in articles which follow concerning 
their special needs for protein, minerals, 
vitamins, and amount of concentrates. 
The Morrison feeding standards (Appen- 
dix Table III) show the amounts of dry 
matter, digestible protein, total digestible 
nutrients (or net energy), calcium, phos- 
phorus, and carotene that should be pro- 
vided per head daily for pregnant gilts, 
for pregnant older sows, and for brood 
sows nursing litters. 

In Appendix Table VII will be 
found examples of well-balanced efficient 
rations for pregnant sows and for those 


age of the sows, on the quality of the 
hay, and on the proportions of hay they 
actually consume. ( 1460 ) Sows that are 
suckling pigs should always be fed a 
protein supplement in addition to grain 
and either pasture or legume hay, as they 
need a considerably larger proportion 
of protein. A supplement should be used 
that provides protein of proper quality 
to correct the deficiencies in the pro- 
teins of the cereal grains. 

The mineral and vitamin require- 
ments of swine have been discussed in 
detail in the preceding chapter. When 
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sows are not on pasture, an abundance 
of vitamins is best assured by including 
at least 10 to 15 per cent of good-quality, 
field-cured legume hay in the ration. The 
vitamin needs are amply met by good 
pasture. If sows kept in dry lot cannot 
have plenty of legume hay of satisfac- 
tory quality, a B-complex vitamin sup- 
plement may be needed. ( 1416 ) 
rf 1457. Grains and grain substitutes 
for brood sows. — Because of its cheap- 
ness, corn is the chief grain fed to sows 
throughout the corn belt. Owing to the 
poor results when corn is unwisely fed 
to brood sows without proper supple- 
ments, the statement is sometimes made 
that com should not form over one-third 
to one-half the ration for brood sows, as 
it is a too fattening.” However, experi- 
ments have shown clearly that excellent 
results are secured when corn is the only 
grain, if it is properly supplemented and 
provided the allowance is strictly limited 
to the amount needed to keep the sows 
in thrifty condition without becoming too 
fat. 

For example, in 3 Wisconsin trials 
a simple ration of ear corn, alfalfa hay 
fed in a rack, and 0.3 lb. tankage was 
slightly superior for wintering pregnant 
gilts to a more complex ration having 
only 35 per cent corn. 5 This mixture was 
35 lbs. ground corn, 30 lbs. ground oats, 
30 lbs. wheat middlings, and 5 lbs. tank- 
age. The cost of feed per sow was 30 
per cent less on the simple ration. 

The other grains are satisfactory 
substitutes for corn in feeding brood 
sows. The relative values of the various 
grains for swine are stated in Chapters 
XX and XXL Ground wheat is fully 
equal to com in value, while ground bar- 
ley or grain sorghum is worth slightly 
less per pound. Ground oats are excel- 
lent as part of the grain for brood sows. 
However, if oats form more than one- 
third to one-half of the grain allowance, 
a little more feed will be needed to keep 
the sows in proper condition than when 
com is the chief grain. 

1458. Grain alone or grain and min- 
erals unsatisfactory. — Even when sows 
have been on good pasture during sum- 
mer, a winter ration of grain alone or 


grain and minerals is very unsatisfac- 
tory. This is true even if the grain is 
yellow com, which supplies considerable 
carotene. In the case of gilts, such a ra- 
tion is apt to produce disastrous results, 
for their pigs are often weak and un- 
thrifty and some may be dead at birth. 
Also, when sows are fed inadequately 
during pregnancy, there is sometimes a 
tendency for them to kill and eat their 
young pigs. 

The poor results from feeding a ra- 
tion of only corn and minerals to preg- 
nant sows are shown by Indiana experi- 
ments. 6 Gilts wintered on only yellow 
corn and bone meal farrowed pigs that 
were dead or were so weak that they 
died within a day. The results were 
somewhat better on a combination of 
yellow corn, oats, and bone meal, but 36 
per cent of the pigs were dead at birth 
or died within 3 days. On the other hand, 
when 5 per cent of meat scrap was added 
to the ration, the sows farrowed twice 
as many pigs, with only 13 per cent that 
were born dead or died within 3 days. 
This ration would have been still further 
improved by the addition of legume 
hay. 

The results have likewise often been 
disastrous in experiments where other 
grains, such as barley, grain sorghum, 
or a combination of corn and oats, have 
been fed alone or with only mineral sup- 
plements to pregnant sows. 7 

Sows that have been on first-rate 
pasture throughout the growing season 
usually have good stores of vitamins and 
minerals in their bodies when winter 
starts. Sometimes mature sows may there- 
fore produce fairly satisfactory litters 
when wintered until farrowing time on 
only yellow corn or corn and oats, if they 
are in a pasture lot where they can get 
a little green feed even in winter and 
where they are protected against a lack 
of vitamin D by exposure to sunlight. 8 
However, such a method of feeding is 
unsafe for pregnant gilts and cannot be 
recommended even for mature sows. 


1459. Importance of legume hay in 
winter rations. — The previous chapter 
has stressed the great importance of in- 
cluding good-quality legume hay as in- 
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surance against vitamin deficiencies in 
rations for brood sows not on pasture. 
(1383-1384) Legume hay excels in so 
many respects and also is such a cheap 
feed that a special effort should be made 
to provide it for sows in winter. Good- 
quality field-cured legume hay not only 
usually prevents any lack of vitamins, 
but it is also important as a source of 
protein and of calcium. 

For insurance against vitamin de- 
ficiencies, a safe rule is to see that legume 
hay forms at least 10 per cent, and 
preferably 15 per cent, of the ration for 
sows in winter. Pregnant sows may well 
be fed all the legume hay they will eat 
in addition to a limited allowance of 
grain. 

When choice, leafy alfalfa hay is 
used, sows will usually eat a sufficient 
amount if it is fed uncut in a simple 
slatted rack, preferably with a cover to 
keep out snow and rain. As stated later, 
this rack and also the feed troughs should 
be put at some distance from the hog 
bam or colony house, so the sows will 
secure plenty of exercise. 

Red clover hay is usually less palata- 
ble to sows than alfalfa, and conse- 
quently they will often eat relatively 
little of it when fed uncut in a rack, even 
if the allowance of concentrates is re- 
stricted. Whenever the sows fail to eat 
enough legume hay, it should, if possible, 
be chopped or ground and mixed with 
the concentrates. The hay may be 
chopped at small expense by running it 
through a silage or hay cutter, preferably 
equipped with an alfalfa screen. If no 
cutter is available, the leaves and chaff 
which accumulate where the hay is 
pitched from the mow may be gathered 
up and mixed with the concentrates. To 
get the sows to clean up such chaff it may 
be necessary to feed the mixture as a 
slop. 

Information is given in Chapter XVI 
concerning the composition and value of 
the various kinds of legume hay. Alfalfa 
excels clover, because it is richer in vita- 
mins, protein, and calcium, as well as 
being liked better by swine. Soybean hay, 
lespedeza hay, cowpea hay, and other 
kinds of legume hay are satisfactory sub- 
stitutes for alfalfa. 


Mature sows are sometimes win- 
tered on alfalfa hay without any grain 
or other concentrates, but this is inad- 
visable, for they will then not make the 
desired gains in weight during preg- 
nancy. Also, although the cost for feed 
up to farrowing time will be low, Penn- 
sylvania experiments show that it will 
later be necessary to feed them with 
great liberality on concentrates lb pro- 
vide even a fair milk flow for their pigs. 9 
This will offset the saving in concentrates 
before farrowing. 

1460. Legume hay as the only pro- 
tein supplement. — For wintering preg- 
nant sows a year old or more, a ration 
consisting of only grain, legume hay, and 
a mineral supplement is satisfactory, * ft 
the hay is of excellent quality. When 
leafy, palatable alfalfa hay is fed to such 
sows, they will generally eat a pound 
or more per head daily, if the allow- 
ance of grain is strictly limited. Under 
such conditions there may be little or no 
advantage in adding tankage or similar 
protein supplements to the ration 
throughout the winter. 10 When the sows 
do not eat so much hay or if it is of 
only fair quality, then a protein supple- 
ment should be added. This is especially 
important during the last 2 or 3 weeks 
before farrowing, when the growth of 
the unborn pigs is most rapid. 

In the case of pregnant gilts, a small 
amount of such a protein supplement as 
tankage, fish meal, soybean oil meal, or 
skimmilk had best be added to a ration 
of grain and legume hay, unless the hay 
is of choice quality and unless the gilts 
are forced to eat enough hay by mixing 
ground or chopped hay with the 
grain. 

In Michigan experiments the re- 
sults were satisfactory when both mature 
sows and gilts were wintered on a mix- 
ture of 2 parts ground corn or corn and 
oats and I part of ground choice-quality, 
second-cutting alfalfa hay. 11 Some of the 
hay was also fed unground in a rack 
and a mineral mixture was supplied to 
furnish additional calcium and phos- 
phorus. The results were about as good 
on this home-grown ration as when 5 per 
cent of tankage was included in the mix- 
ture in place of the alfalfa hay. 
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In other Michigan trials the results 
were as satisfactory when sows a year 
old or older at breeding time were win- 
tered' on a limited amount of corn plus 
good alfalfa hay fed in a rack, as when 
they were fed a mixture of ground corn 
and ground hay. 12 With gilts, there was 
some advantage in forcing them to eat 
a goodly proportion of alfalfa hay by 
feeding a mixture of 2 parts of ground 
corn and .l part of ground hay. 

In 4 Wisconsin trials in which preg- 
nant gilts were wintered on a limited 
amount of ear corn, with alfalfa hay fed 
in a rack, there was an appreciable ad- 
vantage from feeding 0.3 lb. of tankage 

S head daily in addition. 13 The gilts 
tankage not only made somewhat 
larger gains, but also the average weight 
of the pigs at birth and the proportion of 
vigorous pigs were slightly greater. When 
credit was allowed for the greater gains, 
the feed cost per head daily was a trifle 
less for the gilts fed tankage. 

When barley, oats, wheat, or grain 
sorghum is fed instead of corn, there will 
be somewhat less advantage in adding a 
supplement such as tankage to a ration 
of grain and legume hay. This is because 
these grains are considerably higher in 
protein. 

Legume hay is not very satisfactory 
as the only protein supplement to grain 
for brood sows while they are nursing 
their litters. This is because such a ration 
does not supply enough protein or pro- 
tein of sufficiently good quality for high 
milk production by sows. 

1461. Protein supplements for 
brood sows. — Protein supplements of 
animal origin, such as tankage, meat 
scrap, dairy by-products, and fish meal, 
are of especially high value for brood 
sows, just as they are for growing and 
fattening pigs. Ideal winter rations for 
pregnant sows are combinations of grain 
and legume hay, along with small 
amounts of these efficient protein sup- 
plements. 

Tankage was just as satisfactory as 
a mixture of protein supplements for 
sows during pregnancy and the suckling 
period in Indiana trials. 14 Only 5 per cent 
of tankage supplemented corn effec- 
tively. 


If skimmilk or buttermilk is availa- 
ble for the sows, there is no better ra- 
tion than grain and legume hay, plus 4 
to 6 lbs. of either of these dairy by- 
products per head daily. There is no 
need whatsoever of adding purchased 
concentrates to such a ration, unless per- 
haps a little wheat bran or linseed meal 
shortly before farrowing, to keep the 
sows in a laxative condition. 

Whey is relatively low in protein, 
but the protein it does contain is of such 
high quality that a ration of whey, grain, 
and legume hay is satisfactory for sows. 
If legume hay is not fed, a small amount 
of a feed like linseed meal, wheat mid- 
dlings, or wheat bran should be added 
to a ration of grain and whey, especially 
if the grain is corn. 

Soybean oil meal is an excellent 
protein supplement for brood sows. How- 
ever, it has been shown previously that 
when sows are kept in dry lot for a long 
time, nutritional deficiencies are more 
apt to develop on a ration of corn, soy- 
bean oil meal, and minerals, than when an 
animal by-product feed is included. 
(1384) As has been stated, such trouble 
can usually be prevented by including 
at least 15 per cent of good alfalfa or 
other legume hay in the ration. Peanut 
oil meal, peanuts, or cooked soybeans can 
be used in the same manner as soybean 
oil meal. 

Such supplements as wheat mid- 
dlings, wheat bran, and linseed meal are 
fairly satisfactory when the sows eat a 
considerable amount of good legume 
hay. 15 However, it is best to feed in ad- 
dition a small allowance of one of the 
more efficient protein supplements. If 
sows have been on excellent pasture dur- 
ing summer, they may produce normal 
litters when fed only grain and such a 
supplement as wheat middlings or lin- 
seed meal during pregnancy. However, 
feeding such a ration is unsafe, for the 
results may be poor, even under these 
conditions. Feeding this kind of a ra- 
tion to sows kept continuously in dry lot 
produces disastrous results. 16 

1462, Animal by-products as the 
only supplements. — Except from the 
standpoint of vitamins, such animal by- 
products as tankage, fish meal, or skim- 
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milk are ideal protein supplements for 
brood sows. Therefore, if the sows have 
been on good pasture during the sum- 
mer and fall and if they are out in the 
sunshine during the winter, they will 
usually produce satisfactory litters when 
fed only grain and such supplements 
during the winter. 

However, it is much safer and also 
usually cheaper to feed sows some well- 
cured legume hay in addition. This will 
insure their receiving sufficient vitamins 
and will help prevent constipation. As a 
result, the pigs will often be stronger 
and more thrifty than when no legume 
hay is supplied. Also, the addition of 
legume hay to the ration will generally 
reduce the feed bill for wintering the 
sows. 

1463. Roots or tubers; silage. — The 
experiments reviewed in Chapter XIX 
show that roots are not a satisfactory 
substitute for legume hay in feeding 
brood sows. (634) This is because they 
are low in protein, calcium, and phos- 
phorus; they supply little or no vitamin 
D; and with the exception of carrots, 
sweet potatoes, and yellow rutabagas, 
they are deficient in carotene. When it is 
economical to do so, roots or tubers can 
be substituted for part of the grain in 
feeding brood sows. 

Corn silage is not usually consid- 
ered a satisfactory feed for brood sows, 
for they leave most of the forage and eat 
the grain. However, in recent Indiana 
trials brood sows produced satisfactory 
litters when wintered on well-eared 
corn silage with protein, mineral, and 
vitamin supplements. 17 

Alfalfa or other legume silage can 
be used instead of legume hay as a vita- 
min supplement for swine. But legume 
silage does not usually have enough vita- 
min D to be an effective vitamin D 
supplement. It is therefore generally 
better to include good-quality, field- 
cured legume hay in winter rations for 
swine. 

1464. Minerals. — Brood sows should 
always be provided regularly with salt. 

( 1398 ) The best plan is to let them have 
access to it in a suitable box, where 
they can take what they wish. In an 


Iowa test various lots of yearling gilts, 
wintered on rations which included 
some tankage, ate from one-twentieth 
ounce to one-fourth ounce per head 
daily. 18 

Whether or not it will be beneficial 
to supply any mineral supplement other 
than salt for brood sows will depend en- 
tirely on the ration that is fed, as has 
been emphasized previously. (1397) % 
sections where there is trouble from 
goiter, or hairlessness, in new-born pigs, 
iodine should always be supplied the 
sows during at least the last 12 weeks of 
pregnancy. (1402) 

When sows are fed such animal by- 
products as skimmilk, tankage, meat 
scrap, or fish meal and in addition are 
on pasture or are supplied with plenty 
of well-cured legume hay, there is gen- 
erally no need to add other mineral 
supplements to provide calcium and phos- 
phorus. This is shown by Wisconsin ex- 
periments in which young gilts were 
raised from shortly after weaning on 
an ordinary well-balanced concentrate 
mixture of corn, oats, wheat middlings, 
linseed meal, tankage, and salt, and con- 
tinued on the same mixture during preg- 
nancy. 19 In summer the gilts were on 
good pasture and in winter they were 
fed well-cured alfalfa hay in a rack. 
Other lots of gilts were similarly fed 
each year, except that either 2 lbs. of 
steamed bone meal or 2 lbs. of ground 
limestone were mixed with each 100 lbs. 
of the concentrates. There were no bene- 
fits whatsoever from adding these min- 
eral supplements to the ration, because 
it already had plenty of calcium and 
phosphorus. 

If a ration is used which is low 
either in calcium or phosphorus, it is 
very important to add a supplement that 
will correct this lack. Unless this is done, 
the sows may themselves suffer from 
the deficiency, and also they are apt to 
produce unsatisfactory litters. 20 When 
sows have been on first-rate pasture in 
summer, they may sometimes have satis- 
factory litters even if fed a ration low 
in calcium or phosphorus. 21 However, 
this is risky, as the results are apt to be 
poor. 
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1465. Amount of concentrates for 
pregnant sows. — It is just as important 
not to overfeed pregnant sows as it is to 
feed them a well-balanced ration. If they 
become too fat, they are apt to have 
weak pigs, and they may be so restless 
and clumsy at farrowing time that many 
of the pigs are killed. When sows are 
"too fat at breeding time, they may even 
■’fail to conceive. On the other hand, a sow 
which is too thin lacks the reserve nu- 
trients necessary to nourish her pigs 
properly before and after birth. 

A mature sow which is in vigorous, 
active condition at the beginning of the 
breeding season in the fall should be 
fed so as to gain 75 to 85 lbs. by farrow- 
ing time in the spring. This will about 
cover the loss in weight which will occur 
at farrowing and while she is nursing her 
pigs. More of this gain should be made 
during the last 4 to 6 weeks of the gesta- 
tion period than during the first part, for 
most of the growth of the unborn litter 
occurs then. 

Gilts should gain 100 to 125 lbs. 
from breeding time to farrowing, or a lit- 
tle less than 1 lb. per head daily. 

If mature sows are fed plenty of 
legume hay, about 1.00 to 1.25 lbs. of 
concentrates daily, per 100 lbs. of live 
weight, will be sufficient during the first 
10 to 12 weeks, and from 1.25 to 1.50 
lbs. during the last 4 to 6 weeks of the 
gestation period. Sows will eat much 
more feed than this if it is supplied, and 
they will usually squeal lustily for a 
more liberal allowance. 

One must therefore not pay any at- 
tention to their desires, but feed only 
enough to keep them at the proper 
weights and in the desired condition. It 
pleases an experienced hog raiser to see 
his sows industriously hunting for the 
last grains of corn, for he knows that 
they are securing the exercise which is so 
essential for a good pig crop. Further- 
more, he knows that his feed bill will be 
much less than if he had allowed mis- 
taken generosity to rule in feeding the 
sows. 

Yearlings and especially gilts should 
receive more concentrates in proportion 
to their live weight, in order to provide 


for their growth. An average allowance 
of 1.3 to 1.6 lbs. concentrates daily per 
100 lbs. live weight in addition to legume 
hay will usually be plenty for yearlings, 
and 1.5 to 2.0 lbs. daily per 100 lbs. live 
weight for gilts. 

In a recent Illinois trial the farrow- 
ing results were better when either gilts 
or older sows were fed about 4,5 lbs. per 
head daily of a concentrated ration dur- 
ing gestation, than when they were either 
fed more or fed only 3.0 lbs. a day. 22 
Wisconsin studies indicate that sows fed 
a somewhat limited ration after breed- 
ing may farrow slightly more pigs per 
litter than those which are fed too lib- 
erally. 23 

When a number of sows are kept 
on the farm, it pays to sort them into two 
or more lots, depending on age, condi- 
tion, and disposition. The amount of feed 
for each lot can then be regulated so that 
all the sows are kept in the proper con- 
dition. 

1466. Methods of feeding brood 
sows. — Pregnant brood sows are ordinar- 
ily hand-fed the amount of concentrates 
they need. Occasionally, they are fed by 
means of a self-feeder. Chopped or 
ground legume hay or some other bulky 
feed, such as oat mill feed, then must 
be mixed with the grain or other con- 
centrates, so that the sows will not eat 
too much concentrates and get too 
fat. 

A mixture for self-feeding to preg- 
nant gilts should contain 25 to 40 per 
cent of hay or other bulky feed, and for 
older sows the percentage should be 
greater. Thus, in Nebraska trials mature 
pregnant sows were wintered success- 
fully by self-feeding a mixture of 3 parts 
by weight of chopped alfalfa hay and 
1 part of ground corn. 24 It is often neces- 
sary to change the proportion of hay at 
intervals during the winter, so the sows 
will keep in the desired condition. 

In some experiments the results have 
been satisfactory when pregnant sows 
have been self-fed suitable mixtures, but 
in other tests hand feeding has been de- 
cidedly preferable. 25 Generally, the 
amount of feed consumed has been ap- 
preciably greater when sows have been 
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self-fed, and often the litters have been 
a little less satisfactory. 

In Texas experiments in which vari- 
ous methods of feeding brood sows were 
compared, excellent results were secured 
when sows were fed the entire daily al- 
lowance in the morning at one feeding, 
instead of feeding them twice a day, as 
is usual. 26 

If sows waste considerable of a fine 
concentrate mixture when fed dry in a 
trough, the wastage may be prevented 
by pouring water on the mixture in the 
trough. In very cold weather, pouring 
warm water on the concentrate mixture 
in this manner or feeding warm slop in- 
duces the sows to take more water than 
they would otherwise. 

1467. Exercise; shelter. — It has al- 
ready been stressed in this chapter that 
sows should be on good pasture during 
as much of the year as possible. When 
pasture is not available, they should be 
induced to take plenty of exercise. In 
the corn belt a common practice in the 
fall is to turn the brood sows into the 
com fields after the corn has been gath- 
ered, to pick up any scattered ears. This 
not only provides an abundance of exer- 
cise but also utilizes feed that would 
otherwise be wasted. 

During the winter it is a good plan 
to feed the sows at some distance from 
their sleeping quarters. If there is at this 
place a rack with choice legume hay, 
the sows will make many trips back and 
forth each day. When sows are fed ear 
corn and the allowance is properly lim- 
ited, they will spend considerable time 
searching for the last kernels, and the 
longer they can be kept on their feet, 
the better it is for their health. If a 
ground concentrate mixture is fed, it is 
often a good plan to scatter a little 
shelled corn, whole oats, or sheaf oats 
on the ground for the sows to work over. 
Sows heavy in pig should not be com- 
pelled to plow through snowdrifts, but 
paths should be made for them. Ashes or 
sand should be sprinkled on icy places, 
else they may slip and wrench them- 
selves, which may result in abortion. 

The benefits from letting sows have 
access to an outside lot during winter 


are shown by Indiana and Kansas tests. 27 
Sows fed poor rations produced better 
pigs when allowed exercise and access 
to dirt in outside lots than when confined 
inside. In an Indiana trial gilts allowed to 
roam in a pasture field during winter 
produced more vigorous pigs thamjj&d' 
others kept in a small lot. The 
effects in these trials may have bHi 
largely due to the exposure to sunligh%. 
to the sows getting minerals by eating 
dirt, and to their securing a little needed 
green feed, rather than to the exercise 
alone. 

The shelter requirements for thq 
various classes of swine have been dis- 
cussed in Chapter XXXIV. ( 1440 ) 

1468. Summer care of brood sours. 
— If good pasture is provided, the prob- 
lem of feeding brood sows in summer 
after the spring litters are weaned is 
easily solved. Where sows raise but one 
litter of pigs a year, they need little or 
no concentrates in summer, if they are 
on such first-class pasture as alfalfa, 
clover or rape. Grain should be fed if 
needed to keep the sows in thrifty con- 
dition, and in any event they should get 
some grain for 2 or 3 weeks before breed- 
ing time in the fall. 

On such protein-rich pasture, only a 
small amount of protein supplement is 
needed to balance the ration, even when 
corn is the grain fed. For example, dry 
sows on alfalfa, clover, or rape pasture 
will do well on corn with no more than 
4 to 5 per cent by weight of tankage, or 
on equal weights of corn and either skim- 
milk or buttermilk. When barley, oats, 
or wheat is fed, little or no supplement 
is needed if the pasture is good. 

Where sows raise two litters a year, 
they will need more concentrates in ad- 
dition to pasture, because of the added 
drain on their bodies. They should be 
fed so as to make about the same gains 
as recommended for sows in winter. 

1469. The breeding season. — Sows 
are in the best condition for breeding 
when they are not fat, but are gaining 
in weight. About two weeks before 
breeding starts, the sows should be 
“flushed,” just as in the case of ewes. 

( 1302 ) This means increasing their feed 
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percentage of the pigs farrowed. In co- 
operative studies by the United States 
Department of Agriculture and corn-belt 
experiment stations, it was found that 
gilts one year old at farrowing time had 
an average of 7.92 pigs per litter and 
raised an average of 5.07 pigs to wean- 
ing time. 32 Gilts iy 2 years old had 8.49 
pigs per litter and raised 5.53. Sows 2 
years old farrowed 9.49 pigs per litter 
and raised 5.99, which was the largest 
average number raised for any age. How- 
ever, the average number of pigs far- 
rowed increased up to 3 y 2 years of age, 
when the average was 9.93 pigs. 

The pigs from gilts average slightly 
smaller in birth weight than those from 
older sows and also tend to make slightly 
less rapid gains. In Minnesota studies 
pigs from gilts averaged about 4 lbs. 
lighter at weaning time than pigs from 
older sows, and in Wisconsin studies the 
difference was 9.4 lbs. at 98 days of 
age. 33 

Practical hogmen differ widely in 
their opinions concerning the relative 
economy of proven older sows and of 
gilts for pork production. All admit that 
older sows raise somewhat larger litters 
of pigs and that their pigs tend to make 
slightly more rapid gains. However, gilts 
have certain advantages, as well. Their 
chief superiority is that they are con- 
tinuing to grow and appreciate in value 
for pork while they are producing their 
pigs. Also, because of their greater 
smoothness and lighter weight after rais- 
ing one litter of pigs, they usually sell 
at a higher price on the market than do 
older sows. 

It was found in Minnesota cost ac- 
counting studies that somewhat the best 
net returns were secured where only 
about one-half of the sows that farrowed 
were gilts. 34 Under this system, the sows 
which produce and raise the best litters 
are retained as long as they are useful. 

In a similar Illinois study it was 
concluded that there was little choice 
between gilts and proven older sows, ex- 
cept when the price of pork was suf- 
ficiently favorable so that the gain in 
weight of the gilts could be sold at a de- 
cided profit. 35 It should be borne in mind, 


however, that even young fat sows, after 
raising their first litters, commonly sell 
at a considerable discount from the price 
of fat pigs. Differing from these studies, 
it was concluded from experiments by 
the United States Department; of Agri- 
culture in Montana and South Dakota 
that gilts produced pork more economi- 
cally than did older sows. 36 

The Illinois and Minnesota stud®* 
show clearly that when spring-farrowing 
sows are retained in the breeding herd 
for further litters, it is unprofitable to 
raise only one litter a year from them. 
As many of them as possible should bo 
bred for fall litters in the two-litter A 
method of pork production described 
later. (1489) > 

The breeder of purebred swjne 
should certainly not rely chiefly on gilts 
for his breeding herd. Sows which pro- 
duce especially good litters and which 
are good milkers and careful mothers 
should be retained as long as they are 
useful. Only the offspring from such 
proven mothers should be chosen for re- 
placements. By careful selection much 
can be done to build up a herd which is 
decidedly more profitable than the aver- 
age. Unless there is some very good rea- 
son to expect better returns in the future, 
one should discard a sow raising a litter 
of less than 5 pigs, or one which is vicious 
with her pigs, in spite of being properly 
fed and cared for. A sow that can save 
and raise 8 good pigs is an excellent pro- 
ducer and should be retained. 

1473. Preparations for farrowing. — 
Lack of care at farrowing time results 
in many young pigs being lost through 
disease or parasites, or from being lain 
on by the sows. In some seasons 40 per 
cent of the pigs farrowed in the corn belt 
die from these causes. These losses can 
largely be prevented by the right care 
and management. 

At least 3 days before farrowing, 
each sow should be removed from the 
herd and placed in a separate farrowing 
pen, to become accustomed to her sur- 
roundings. Previously, the sow should 
have been cleaned as described later, and 
the pen should have been cleaned and 
scrubbed to prevent infecting the young 
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pigs with round worms and other para- 
sites. (1491) 

If the breeding dates have not been 
recorded, the sows should be watched 
closely as* the farrowing season ap- 
proaches, -and each sow should be put 
in the farrowing quarters as soon as the 
udder and teats begin to fill. After a sow 
starts to arrange her nest, she may be 
directed to farrow within 12 hours. Re- 
doming the breeding date is highly im- 
portant where the litters come before the 


rowing crates or stalls are used, each 
farrowing pen should have guard rails, or 
fenders, to help prevent the sow from 
squeezing the pigs against the wall or 
crushing them when she lies down. These 
can be made by fastening planks edge- 
wise, like a shelf, 8 to 10 inches above 
the floor, along both sides of the corner in 
which the sow makes her bed. If the far- 
rowing pen has a concrete floor, a wood 
overlay in the nest corner makes the 
sow's bed warmer and drier. 



An Electric Pig Brooder 


An electric pig brooder in a corner of the farrowing pen protects the young pigs and 
keeps them warm in cold weather. 


weather is warm, for otherwise sows will 
often farrow before it is expected, and 
their litters may perish from cold or lack 
of proper care. 

A farrowing pen should be dry, well 
ventilated, free from drafts and well 
lighted. If possible, it should be exposed 
for a part of each day to direct sunlight, 
so it will be warmer. 

When a sow farrows during the pas- 
ture season, it may be most convenient 
to have her farrow in a colony house lo- 
cated in a pasture that is free from round 
worms and other parasites. However, it 
may then be more difficult to aid her in 
case she has trouble in farrowing. 

Unless electric pig brooders or far- 


The farrowing place should be suf- 
ficiently warm so that a deep nest is not 
necessary to prevent the new-born pigs 
being chilled, for they may be crushed 
in a deep, bird-like nest. Cut straw or 
hay, shredded stover, chaflF, or leaves are 
best for bedding. Long straw or hay may 
entangle the pigs. 

In cold weather many baby pigs die 
from chilling, because the mechanism for 
regulating the body temperature is not 
well developed until the pigs are at least 
2 to 3 days of age. S7 These losses can be 
largely prevented by some means of 
keeping the pigs warm during this criti- 
cal period. 

A pig brooder in a corner of the 
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pen, warmed with an electric light or ration should also be made more 

heat lamp, protects the young pigs and A good rule is to feed only one-hg|H^ 

keeps them warm in cold weather. Be- two-thirds as much concentrates 

cause of the warmth, the pigs spend ously, with wheat bran formii^^^^R 

much of the time there, where they can- third of the ration, by weight. 

not be lain on or crushed. Where electric- meal is also a helpful addition at 

ity is not available, a similar but un- time, and legume hay should be included, 

heated hover can be used. tbe ration, if possible. 

Another method of reducing losses 1474. Farrowing time. — Few 

of new-born pigs is the use of farrowing need help at farrowing time,. • but i||. 
crates or stalls. In these, the sow is so herdsman should be on hand to rencfeB 
closely confined that she cannot turn assistance, if necessary. Otherwise, * he 



A. Portable Farrowing Crate 

In a farrowing crate the sow is so closely confined that she cannot turn around. 
The pigs have access to the spaces on the sides, which serve as brooders. 

around. The pigs have access to spaces should not disturb the sow. In large herds 
on the sides, which serve as a brooder it pays to have an experienced man near 
and may be heated. Still another way of during the night at this time to inspect 
keeping young pigs warm in cold weather the sows every three hours. The farmer 
is by suspending a heat lamp over the with only a few sows will find that a few 
sow's nest. night trips to the hog house at farrow- 

Some hogmen use sloping floors in ing time will save many a litter, and 
the farrowing pens to prevent the sows prove a wise investment of his time and 
from crushing or injuring the pigs. The energy. 

sow will generally lie with her head up In cold weather it is a good plan 

the slope, and away from the side of the to dry new-born pigs with a cloth as 
pen, where the pigs can be safe, they arrive. If the pen is not equipped 

As soon as the sow is put in the with an electric pig brooder, it is well to 
farrowing quarters, her ration should be put the pigs in a basket or box lined with 
reduced, for she gets little exercise. The sacks or other cloth. A jug of hot water 
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bricks wrapped in cloth can be 
in the center to keep the pigs 
d the receptacle lightly covered 
te heat. Separating the pigs thus 
e sow as they are farrowed is also 
n the case of heavy, clumsy sows, 
_ 6se which are very restless. Sows 
mgperly handled before farrowing will 
'1^ usually resent such separation, 
m The pigs should be kept in this box 
Iprbasket until farrowing is over, pro- 
vided the time is not more than 2 or 3 


made for this purpose, so the pigs will 
not lacerate the udder of the sow or 
wound each other as they tussle among 
themselves. 

Identifying the young pigs by ear- 
notching them is highly advisable, even 
in grade herds, so that gilts can be se- 
lected for the breeding herd from the 
best dams. 

If brood sows have been kept thrifty 
by feeding them well-balanced rations 
and by inducing them to take plenty of 



Breaking Off the “Wolf” Teeth 

Usually experienced breeders break off the “wolf” teeth, or temporary tusks, which pigs 
have at birth, to prevent lacerating the udder of the sow or wounding the other pigs. (From 
Wisconsin Station.) 


hours. When they are returned to the 
sow, each pig should be placed at a 
nipple, and the litter should be watched 
until their safety is assured. In the case 
of a very cross sow it may be advisable 
to keep the pigs away from her for a 
day or so, returning them to nurse every 
2 to 4 hours. 

To prevent losses due to navel in- 
fection, the navel of each pig should be 
dipped in tincture of iodine as soon as 
possible after birth. Experienced hogmen 
commonly break off the sharp needle 
teeth of the young pigs with nippers 


exercise, and if constipation is prevented, 
little trouble will be experienced from 
sows failing to furnish enough milk for 
their pigs or from being restless and ir- 
ritable, which may lead to their eating 
the young. If a sow* has a feverish udder, 
which is often a result of constipation, a 
light application of kerosene and lard, 
well rubbed in, will reduce the conges- 
tion and relieve the pain. 

1475. After farrowing. — A sow 
should have no feed for 12 to 24 hours 
after farrowing, but should have plenty 
of water that is not too cold. If she frets 
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Ilil; 


for feed, a handful of wheat bran may 
be put on top of the water to quiet her. 

For the first feeding the sow should 
get only a double handful of a mixture 
that is laxative, preferably containing con- 
siderable wheat bran. The amount of 
concentrates should be increased very 
gradually or the milk flow may be stimu- 
lated too soon. This may result in the sow 
having milk fever or suffering from a 
caked udder, or in the pigs getting 
scours. For the second day 2 or 3 lbs. 
of feed, divided into 2 meals, are suf- 
ficient. 

During the first few days it is best 
to use a bulky concentrate mixture con- 
taining at least one-third ground oats or 
wheat bran. Such a mixture may then be 
changed gradually to the one that is to 
be fed during the suckling period. After 
7 to 10 days a sow should be getting all 
the feed she will clean up. By this time, 
the sows and litters should, whenever 
possible, be put on clean pasture, free 
from infestation with round worms or 
other parasites. ( 1491 ) 

Occasionally, pigs less than a week 
of age are affected by the “baby-pig dis- 
ease/" or hypoglycemia, in which they 
become dull and listless and show little 
desire to nurse. In this condition there 
is a serious deficiency of glucose in the 
blood, perhaps caused by semi-starva- 
tion, owing to poor milk yield by the sow 
or to digestive disturbances in the pigs. 38 
Pigs not too severely affected may re- 
cover if hand-fed every 2 or 3 hours 1 
to 2 teaspoonful doses of corn syrup di- 
luted with twice as much warm water. 

1476. Milk production of sows. — 
The gains made by suckling pigs depend 
largely on the amount of milk their dam 
produces. It is therefore important to se- 
lect herd replacements from good milk- 
producing ancestors. 

In various experiments the daily 
milk production of sows has varied 
widely, ranging from 4.9 to 11.7 lbs. 39 
The daily amount usually reaches the 
peak from the third to fifth week of lac- 
tation. During an 8-week suckling period 
a good sow should yield 300 to 400 lbs., 
or even more. 

To produce this much milk in this 


brief period, requires a liberal supply of 
nutrients. This is shown by the fact that 
the milk she yields contains several 
times as much protein, calcium, and phos- 
phorus as there is in the new-born pigs 
and in the fetal membranes. 40 

Several studies have been made on 
the composition of sows milk. 41 It 
more concentrated than cow’s milk, codf, 
taining much more protein and fat. (& 
pendix Table I.) It generally does not 
differ greatly from cow’s milk in vitamin 
content. As in the case of the milk of 
other species, the vitamin A content is 
affected greatly by the vitamin A or 
carotene content of the ration. 

If the feed of sows is very high In 
percentage of fat, such as fat-rich gar- 
bage, the fat percentage of the milk may 
be increased considerably. 42 

In North Dakota tests it was found 
that the average interval between the 
nursings by pigs was 62 minutes, and 
the longest interval recorded was 175 
minutes. 43 There was no marked differ- 
ence between the intervals in the daytime 
and at night. 

1477. Evening-up litters; orphan 
pigs. — If a sow has too many pigs to 
nurse adequately, some should be trans- 
ferred, if possible, to a small litter of the 
same age. The method is not successful 
unless the foster mother has extra teats 
that are giving a good flow of milk when 
the transfer is made. The same method 
can be used in the case of orphan pigs. 

The sow should be taken out of the 
pen when the pigs are added to her litter, 
and the pigs should be allowed to run 
together for 10 to 20 minutes before the 
sow is returned to the pen. Sprinkling a 
weak solution of stock dip over all the 
pigs will make it difficult for the sow 
to distinguish the new arrivals by smell. 

Where no sows with litters of about 
the same age are available for raising 
orphan pigs, they may usually be raised 
successfully by hand, if the herdsman 
has enough patience. It is best to feed 
the pigs whole sweet cow’s milk 5 to 6 
times daily until they are 2 to 3 weeks 
old, when the number of feedings may be 
reduced to 3 a day. However, in Iowa 
tests satisfactory results were secured 
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when pigs were fed only 3 times daily 
from the beginning. 44 

Some use a nursing bottle at the 
start, but with patience even the young- 
est- pigs can be taught to drink milk 
from a shallow dish. The pig's mouth and 
nose are pushed into the milk, care being 
taken not to continue the process so long 
Jjhat the pig is strangled. The milk should 
about body temperature for the first 
week or- two. To supply the traces of iron 
and copper necessary to prevent anemia, 
a few drops of a saturated solution of 


difficult to rear them, as the colostrum 
protects them against various infections. 
(270) When the orphan cannot get 
colostrum from a sow, it should be fed 
colostrum from a cow for a couple of 
days, if possible. 

A commercial milk replacer can also 
be used for raising orphan pigs, instead 
of cow’s milk. (1483) 

III. Raising the Pigs 

1478. Feeding sows that are suck- 
ling litters. — During the suckling period, 



A Hogbarn with Removable Farrowing Stalls 

At farrowing time, the sow is confined to a farrowing stall, just as in a farrowing crate. 

copperas (ferrous sulfate) should be brood sows must be fed much more 
added to each quart of milk, 40 (1403) liberally than during pregnancy, because 
A maximum of one quart of milk a of the additional nutrients needed for 
day is enough per pig, if they are sup- the production of a good flow of milk, 
plied with a suitable concentrate mixture Not only should they receive more grain 
as soon as they can be taught to eat solid to furnish the necessary total digestible 
food. Care should be taken to supply nutrients and energy, but also the supply 
fresh water at all times. If whole milk is of protein, calcium, phosphorus, and vita- 
not available, fresh skimmilk or even mins must be considerably greater, since 
buttermilk can be substituted, according milk is rich in these nutrients, 
to the Iowa tests. It is not necessary to In general, the nutrient require- 

add cream or sugar to whole milk for ments of brood sows suckling litters are 
orphan pigs, though this is sometimes similar to those of dairy cows for milk 
recommended, production. The requirements of brood 

If young pigs do not get the colos- sows of various weights are stated in the 
tram milk from a sow, it is much more feeding standards in Appendix Table III. 
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It is essential that sows with litters 
be fed enough concentrates to produce 
a good milk flow. Otherwise, the young 
pigs will not get a good start. It should 
be remembered that at no other time do 
pigs make as economical gains as when 
suckling their dams. When on full feed, 
a 400-lb. sow nursing a litter will need 
8 to 12 lbs. of concentrates a day, the 
exact amount depending on her condi- 
tion and on the number of pigs in the 
litter. 

The concentrates may consist chiefly 
of corn and other grains, but sufficient 
protein of good quality must be fed to 
balance the ration properly. ( 1385 ) Such 
supplements as tankage, meat scrap, fish 
meal, dairy by-products, or soybean oil 
meal are especially important when the 
sows are not on pasture. Protein supple- 
ments that supply poorer- quality protein, 
such as linseed meal, cottonseed meal, 
or wheat middlings, may be used in com- 
bination with those first mentioned. 

As stated in the preceding chapter, 
rations for gilts nursing litters should 
have not less than 15 per cent of total 
protein, and rations for mature sows at 
least 14 per cent. (1388) Experiments 
have proved that even when sows have 
been fed good rations during pregnancy, 
rations deficient in protein when they are 
nursing their litters produce poor re- 
sults. 45 The gains of the pigs are much 
less, there is a greater death loss, and the 
sows lose more weight. 

When the sows and pigs cannot be 
put on pasture by the time the pigs are 
2 weeks old but are confined to pens 
and paved lots, anemia of the suckling 
pigs should be prevented by using one 
of the methods described previously. 
( 1403) For sows and pigs not on pasture, 
it is also wise to supply a suitable mineral 
mixture in addition to common salt, un- 
less one is sure there is no lack of cal- 
cium or phosphorus in the ration. 

If the sows are not on pasture, 5 to 
10 per cent of ground or chopped alfalfa 
or other legume hay should be included 
in the concentrate mixture to furnish car- 
otene, vitamin D, and other vitamins, or 
choice legume hay should be fed in a 
rack. 



Corn may be fed as ear corn or 
shelled corn (preferably soaked if it is 
hard and dry), or it may be ground and 
mixed with the other concentrates. The 
smaller cereals should always be ground 
for sows, if possible. 

Because of the large amounts of nu- 
trients needed in milk production, sows 
that are good milk producers may lose 
much weight while nursing their litters, 
even when they are fed liberally. Tms 
means that the amount of nutrients they 
can assimilate from their feed is insuf- 
ficient to furnish the nutrients in the 
milk, and therefore they draw tem- 
porarily on the store in their bodies. 

Several example rations for brood 
sows suckling litters are given in Ap- 
pendix Table VII. These will serve as 
guides in making up a ration that will 
be most economical under one's local 
conditions. 

1479. Methods of feeding brood 
sows and litters. — Brood sows with lit- 
ters may be hand-fed 2 or 3 times a day, 
or they may be self-fed. In the self- 
feeding method both sows and pigs have 
access to a suitable concentrate mixture 
at all times in a self-feeder. 

If a sufficient amount of a bulky 
feed, such as alfalfa meal, wheat bran, 
or oats, is included in the self-fed mix- 
ture, the sows may be put on the self- 
feeder when the pigs are only 2 to 3 
days old. 40 The mixture should gradually 
be made more concentrated as the sows 
and pigs need more nutrients. 

Self-feeding not only saves labor, 
but it also ensures a plentiful supply of 
feed at all times. It is especially desirable 
when several sows are in the same lot, 
as there is no quarreling at the feed 
trough, and each pig can get all it wants. 
To save feed, sows with less than 5 or 
6 pigs had best be sorted out and fed a 
limited ration. 

Self-feeding sows and litters proved 
preferable to hand-feeding in experi- 
ments by the United States Department 
of Agriculture and also in a Kansas test. 46 
In the former trials, self-fed sows gained 
an average of 12.8 lbs. and their pigs 
an average of 20.4 lbs. during 41 days, 
while hand-fed sows lost an average of 
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11.6 lbs. and their pigs gained an aver- If the pigs show a tendency to be- 

age of 17.0 lbs. during 44 days. The self- come too fat the first few weeks, the 

fed pigs also continued to make more dam’s ration should be reduced gradually, 

rapid gains after weaning. For 100 lbs. so she will give a little less milk. Scours 

gain of sows and litters combined, only should be avoided by keeping the quar- 

441 lbs. of feed were required by the ters dry and clean and the troughs sani- 

self-fed lot, in comparison with 603 lbs. tary. Overfeeding the sows or letting the 

for the hand-fed lot. Also, when the pigs run out in a cold rain are other fre- 

sows were bred before their pigs were quent causes of this trouble, 

weaned, 81 per cent of the self-fed sows Boar pigs not to be kept for the 

settled at the first service and only 47 breeding herd should be castrated when 
per cent of those that were hand-fed. It 3 to 6 weeks old. This should be done on 



Young Pigs Feeding in a Creep 

When the sows are hand-fed instead of being self-fed, additional feed should be sup- 
plied the suckling pigs by means of a creep. 

has been shown previously that the self- a clear, cool day, and the pigs should be 

feeding method is not adapted to feeding kept in dry, clean quarters afterwards, 

pregnant sows, unless the proper amount Before the operation the pigs should re- 

of very bulky feed is included in the ceive only a light feed, 

mixture, and the proportion of such feed 1480. Creep-feeding; pig starters. — 

is changed from time to time so as to When sows suckling litters are hand-fed, 

keep the sows in proper condition, additional feed should be supplied the 

( 1466 ) pigs by means of a creep, as soon as they 

When sows suckling litters are self- are 1 to 2 weeks old. A creep is an en- 

fed a well-balanced ration, there is little closure in a corner of the paddock or 

advantage in supplying separate feed for pen, with openings of such size that the 

the pigs in a creep. pigs can run in and out, while the sows 

Good pasture, free from infestation are excluded. Here the pigs are provided 

with parasites, is especially beneficial to palatable concentrates, in either a small 

young pigs, because of the protein, min- trough or a small self-feeder, 
erals, and vitamins it provides, and also For use in a pen of a central hog 

because pigs get an abundance of exer- house, where space is limited, a creep- 

cise when on pasture. feeding trough can be used. Such a 
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trough has a cover extending out far 
enough so the sow cannot get at the 
feed, while the pigs can reach it beneath 
the cover. 

Creep-feeds are often called "pig 
starters.” Suitable mixtures for creep- 
feeding are given in Appendix Table 
VII. 

The purpose of creep-feeding is to 
supply the young pigs with as great an 
amount of nutrients as possible during 
this period of very efficient growth. 
Therefore the creep-feed should be highly 


supplement. There may be no advan- 
tage from including an antibiotic supple- 
ment in a pig starter for . pigs running 
with their dams on good pasture. 

Oat groats, or hulled oats, are very 
palatable to young pigs and are an ex- 
cellent ingredient in pig starters. Adding 
10 per cent of cane sugar or cane molasses 
to a complete starter usually increases the 
palatability somewhat. In some tests pel- 
leted starters have given slightly better 
results than starters in meal form, but not 
in other trials. 



A Colony House Arranged as a Creep 

Here the young pigs get additional feed and are also provided with shelter and shade. 


palatable to them. Several experiments 
have been conducted to compare the re- 
sults from various creep-feeds, or pig 
starters. 47 

These have shown that young pigs 
do not like a very fine, dusty mixture, 
and they prefer shelled or cracked corn 
to that which is ground fine. One good 
method of creep-feeding is to supply 
separately shelled corn and an efficient 
protein supplemental mixture, free- 
choice. Good ingredients in such a sup- 
plement are soybean oil meal, meat scrap, 
fish meal, and dried dairy by-products. 

For pigs not on pasture a pig starter 
should contain 2.5 to 5 per cent of high- 
quality alfalfa meal and an antibiotic 


Where skimmilk or buttermilk is 
available, little or no other protein sup- 
plements are needed. Shelled corn and 
sufficient of one of these dairy by- 
products make an excellent combination. 

1481. Weaning time. — When only 
one litter of pigs is raised a year, the pigs 
may run with their dam 10 to 12 weeks, 
or the sow may be allowed to wean the 
pigs herself. However, when 2 litters are 
raised yearly the pigs must be weaned 
not later than the age of 7 to 8 weeks, 
as sows do not commonly come in heat 
until after their pigs are weaned. 

When the litters are to be weaned 
at this age, the amount of concentrates 
fed the sows should be reduced for a few 
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days before weaning, in order to check 
the milk flow. If the sows and litters have 
been self-fed. on pasture, it is best to 
shut the sows away from the self-feeder 
by means S a creep 3 to 4 days before 
weaning. For this short period the sows 
will get enough nourishment from the 
pasture. If a sow's udder becomes un- 
duly distended with milk after she is 
taken away from her pigs, it may be 
necessary to return her to the pigs for 
a few minutes every second day until 
she dries off. 

It is especially important that clean 
pasture, free from contamination with 
round worms and other parasites, be pro- 
vided for the pigs after weaning. If there 
is much difference in the ages of the 
various litters, it is best to group them 
according to size, subdividing a pasture, 
if necessary. Pigs will do best if there are 
not over about 20 in a group, as there is 
then less crowding in the colony house 
on cold nights. However, a much greater 
number may be successfully kept in a 
large pasture, if self-feeders and colony 
houses are well distributed, instead of all 
being located at one point. 

Since the pigs no longer get their 
mother's milk, the ration after weaning 
should contain a larger proportion of 
protein-rich feeds than before. For wean- 
ling pigs in dry lot, the ration should 
have at least 18 per cent protein. (1388) 

Several rations for pigs after wean- 
ing and also at later ages are given in 
Appendix Table VII. These will serve 
as convenient guides in selecting suitable 
combinations under the conditions in any 
particular locality. 

Rations for weanling pigs should, if 
possible, include a protein supplement 
of animal origin, such as meat scrap, 
tankage, fish meal, or dairy by-products. 
A liberal amount of skimmilk or butter- 
milk, fed with grain, is unexcelled at this 
time. 

Where no fluid skimmilk or butter- 
milk is available, weanling pigs in dry 
lot will usually make slightly more rapid 
gains when a little dried skimmilk, dried 
buttermilk, or liver meal is added to such 
a ration as com and a trio mixture. ( 894, 
913) Owing to the usual high prices of 
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these feeds, such an addition may not 
be economical for pigs being raised for 
market, while it may be desirable in 
raising purebred breeding stock. 

As is shown in the preceding chap- 
ter, the gains of young pigs are gener- 
ally appreciably increased and the feed 
efficiency slightly improved when an 
antibiotic-vitamin B 12 supplement is 
added to a good ration. (1422) The 
needs of pigs for the various vitamins 
and the use of supplements supplying 
B-complex vitamins and other vitamins 
have been previously discussed in de- 
tail. (1406-1420) 

1482. Weaning pigs early. — Dur- 
ing recent years there has been con- 
siderable interest in weaning pigs before 
the usual age of 7 to 8 weeks. Under 
some conditions early weaning has defi- 
nite advantages, but it also has certain 
limitations and disadvantages. 

Weaning at 3 weeks of age is gen- 
erally successful with thrifty, vigorous 
pigs, if they are fed a special dry ration, 
and particularly if the care and manage- 
ment are much better than usual. 48 

Weaning at an earlier age is not 
practical under most conditions. 49 If pigs 
are weaned at only a few days of age, 
they must be fed an expensive milk re- 
placer in liquid form, and even then the 
results may be inferior to later weaning. 

Feeding the reconstituted milk re- 
placer requires additional bother and 
labor. Also, very strict cleanliness of 
troughs and equipment is essential. Most 
milk replacers contain considerable dried 
skimmilk or other dried milk by-products, 
and must be completely reinforced with 
vitamin and mineral supplements, as well 
as with an antibiotic-vitamin B 12 feed 
supplement. 

Weaning at 3 weeks of age aids in 
securing 2 litters a year, especially with 
sows that farrow late in the spring. With 
unusually careful management 5 litters 
may even be obtained in 2 years. When 
spring litters are weaned at 3 weeks, 
the sows to be sold can be marketed 
earlier in the season, when the price is 
often better than later. 

Pigs that are to be weaned at 3 
weeks should be creep-fed, while they 
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are with the sow s, the same dry mixture poorer growth and greater death losses 
that will be used later. This may con- than weaning them when 3 weeks old 
sist mostly of an efficient pig starter, but or more, 

at least one-quarter of the mixture should The formulas for certain milk re- 

be a more expensive, completely rein- placers which have given good results 
forced milk replacer. in experiment station trials are stated in 

In Minnesota trials pigs weaned at 3 Appendix Table VII. 
weeks made nearly as rapid gains as 1484. Pig hatcheries. — A few 

those which nursed the sows 8 weeks. 50 farmers have specialized in the Iarge*- 

Up to 8 weeks of age, the feed cost per scale production and sale of weaned pips, 

pound of gain, including the feed eaten usually about 8 weeks old. 53 Such enter- 

both by the pigs and by the sows, was prises are often called "pig hatcheries.” 
slightly higher for the early-weaned pigs. With excellent equipment and most 

In an Illinois experiment pigs expert care and management, the num- 
weaned at 20 days of age gained 0.32 lb. ber of pigs raised per litter may be con- 

a day to 7 weeks, in comparison with 0.41 siderably greater than on most farms, 

lb. for pigs which were not weaned until thus reducing the cost per weaned pig. 

that old. 51 The feed cost per pig, includ- Usually early weaning is practiced, so 

ing the feed of pigs and sows, was higher that at least 2 litters a year’ can be pro- 

for the pigs weaned early, duced per sow. 

1483. Milk replacers, or prestarters. The financial returns from pig 

— Many experiments have been carried hatcheries have varied widely. In some 
on during recent years in endeavors to cases such enterprises have been given 

develop milk replacers, or prestarters, up because of poor results due to serious 

which would successfully replace sow's disease outbreaks, or to lack of the skill- 

milk for early-weaned pigs. 52 A milk ful management necessary in such an 

replacer must be fed in reconstituted undertaking. 

warm liquid form, or as a gruel, at least 1485. Growing and fattening pigs. — 

during the first few days. To produce rapid and cheap gains, grow- 

The successful milk replacers com- ing and fattening pigs must receive well- 

manly contain a considerable proportion balanced rations that provide a sufficient 
of dried skimmilk or other dried dairy amount of protein and also protein of 
by-products, and also such cheaper feeds good quality. Likewise, care must be 
as ground oat groats (without the hulls), taken that their mineral and vitamin 
ground corn or other grain, dehydrated needs are fully met, which have been 
alfalfa meal, soybean oil meal, meat discussed in the previous chapter. Sev- 
scrap, fish meal, and other protein sup- eral example rations for pigs in dry lot 
plements. Often the mixture contains and also for those on pasture are given 
sugar (glucose, lactose, or cane sugar) in Appendix Table VII. The values of 
or cane molasses, and a small percentage the various grains and other concentrates 
of added fat. The milk replacer should are discussed in the chapters of Part III. 
be well fortified with complete mineral Whenever possible, good pasture 

and vitamin supplements and with an should be provided for growing pigs, on 
effective antibiotic. account of the advantages that have been 

Several of the larger formula feed emphasized previously. When pigs can- 
manufacturers make such milk replacers, not be on pasture, legume hay should be 
Because of the complexity of the for- included in their ration as insurance 
mulas, milk replacers are not adapted against a deficiency of vitamins, (1417) 
to mixing on the farm. For pigs not on pasture it is important 

The early weaning of pigs has been to use an efficient protein supplement, 
discussed in the preceding article. While such as discussed in the preceding chap- 
the removal of pigs from the sows at ter. (1418-1420) 

only a few days of age is sometimes Whether to fatten spring pigs for 

recommended, this is apt to result in market early in the fall by self-feeding 
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them concentrates on pasture, or to force 
them to consume more pasture by re- 
stricting their concentrate allowance, will 
depend on the relative prices of grain 
and pasture, and the prices for pork at 
the various times in the fall and winter, 
as has been shown previously. ( 1432 ) 

Detailed information has been given 
in the preceding chapter on the effects 
on the carcass and on the feed efficiency 
of feeding a limited ration to fattening 
pigs. (1429-1432) 

Pigs should always be provided with 
an abundance of fresh water in a trough 
or an automatic waterer. If self-feeders 
and automatic waterer s are used, it 
should be borne in mind that even with 
these labor-saving devices one cannot 
expect success if he does not give the 
proper attention to his pigs. One should 
see daily that the feeders and waterers 
are working properly and should clean 
them out when necessary. 

If the pigs are on first-class pasture 
and are fed such supplements as skim- 
milk, tankage, or fish meal, there is prob- 
ably little or no advantage in feeding 
any other mineral supplement than salt. 
However, for pigs not on good pasture, 
feeding a simple mineral mixture, such 
as has been recommended before, may 
be advisable, even when protein supple- 
ments of animal origin are used. 

1486, Artificial light. — Since artifi- 
cial light at night increases the egg pro- 
duction of hens in winter, it was sug- 
gested that it might increase the feed 
consumption and the gains of self-fed 
fattening pigs. However, in an Illinois 
trial and a Minnesota test, light turned 
on automatically for 2 periods at night 
did not significantly affect feed consump- 
tion or gains. 54 

1487. Raising breeding stock. — Pigs 
selected for the breeding herd, both sows 
and boars, should be fed so they will de- 
velop good size and strong bone, but 
should not be allowed to become as fat 
as pigs that are being finished for market. 
If the spring pigs are fed a limited allow- 
ance of concentrates on good pasture 
and receive a well-balanced ration, it 
may not be necessary to separate the gilts 
to be retained for breeding from the 


other pigs until full-feeding is started 
in the fall. 

On the other hand, if the pigs in- 
tended for the market are being fattened 
as they grow by self-feeding or by hand- 
feeding them all they will eat, it is best 
to separate the breeding stock soon after 
weaning, so they may be fed a ration 
suited to their needs. However, if the 
pigs are being fed a well-balanced ration 
and are of a growthy type, the gilts may 
be safely kept with the market pigs un- 
til they reach a weight of 125 to 150 
lbs. After this, the amount of concen- 
trates should be limited, so the gilts will 
not get too fat. 

Special care should be taken that the 
ration for pigs being raised for breeding 
stock contains sufficient protein and pro- 
tein of good quality, and that there is an 
abundant supply of calcium, phosphorus, 
and vitamins. Such pigs should be on 
good pasture during just as much of the 
year as is possible. This is the best in- 
surance against any lack of vitamins. 
When pasture is not available, 10 to 15 
per cent of legume hay should be in- 
cluded in the ration. 

Breeding swine may be raised with 
success on grain (even corn) as the chief 
concentrate, if the grain is properly sup- 
plemented and if the amount is limited 
so that the pigs do not get too fat. How- 
ever, most breeders prefer concentrate 
mixtures containing at least 25 to 30 per 
cent of such bulky feeds as ground oats, 
wheat bran, or standard middlings. If 
possible, some protein-rich feed of animal 
origin should be included in the ration, 
such as meat scrap, tankage, fish meal 
or dairy by-products. This is especially 
important if the pigs are not on first- 
class pasture. 

If plenty of skimmilk or buttermilk 
is fed, an excellent combination is one- 
half to two-thirds corn, barley, or grain 
sorghum, with the remainder oats or 
standard middlings and with pasture or 
legume hay in addition. 

Sows and boars of the larger breeds 
should reach a weight of 350 lbs. or 
more at one year of age, if properly fed 
and managed. 

In a Minnesota trial fall-farrowed 
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gilts were fed a limited ration in winter 
and also on pasture the next summer, in 
comparison with full-fed gilts. 55 When 
they farrowed in the fall, the limited-fed 
gilts weighed an average of only 304 
lbs. and had eaten 959 lbs. of feed per 
head, in addition to pasture. The full- 
fed gilts averaged 429 lbs. and had con- 
sumed 1,632 lbs. of feed. The liberally- 
fed gilts farrowed an average of 1.2 more 
pigs per litter, and their pigs weighed 4.2 
lbs. more per head at weaning. 

In Washington and Wisconsin ex- 
periments gilts raised on limited rations 
reached puberty slightly earlier than did 
those fed liberally. 56 

1488 . Age to breed gilts. — Gilts are 
generally bred so that they will farrow 
when about a year of age. However, 
purebred gilts that are intended for a 
show herd are often not bred until they 
are somewhat older, so that they will 
reach a larger size. 

It was proved many years ago by 
extensive experiments at the Missouri 
Station that breeding well-fed sows in 
successive generations to farrow at less 
than a year of age was not injurious and 
did not reduce their mature weights. 57 
Sows that were bred early were only 
slightly smaller at 20 months than later- 
bred sows, and they finally became fully 
as large. 

When early and frequent breeding 
was combined with scanty feeding, the 
sows did not reach normal size. This 
checking of growth was due to the heavy 
drain on the sows when they were fed 
scantily during lactation. 

The pigs in the first litters of young 
sows are slightly smaller at birth than 
those from older sows, and they also 
make a trifle less rapid gains. In com- 
mercial pork production this is much 
more than offset by the additional cost 
of, maintaining a later-bred sow for a 
longer period before she produces her 
first litter. 

1489 . Two litters vs. one litter a 
year. — Whether it will be more profitable 
to follow the two-litter-a-year method of 
pork production or to use the one-litter 
system will depend on the local condi- 
tions, especially on the winter climate 


and on the shelter and feed that can be 
provided. 

When the one-litter system is fol- 
lowed, the pigs are nearly all farrowed 
in the spring and few or no sows are 
bred for fall pigs. Commonly, gilts are 
used chiefly or entirely in this system, 
and in the summer after they have 
weaned their first litters they are fat- 
tened for market. Only gilts are used, 
because it does not pay to maintain an 
older sow an entire year to raise only one 
litter. 

Under the two-litter system; the 
sows are bred to farrow sufficiently early 
in the spring so that the fall litters can 
get a good start on pasture before cold 
weather comes on. Sows usually come 
in heat a few days after their litters are 
weaned, but not during the suckling 
period. Since the fall litters should be 
farrowed by September, this means that 
the spring litters must come not later 
than March. Raising two litters a year 
should therefore not be attempted in 
the North unless these early pigs can be 
given proper shelter and care. 

Even when an endeavor is made to 
raise two litters a year from all the sows 
possible, there will usually be more 
spring litters than fall litters. Often, some 
of the spring-farrowing sows will not be- 
come pregnant from the first service, and 
then it may be too late in the season to 
breed them again for fall litters. Under 
this system, however, it is easily possible 
to raise an average of three litters every 
two years. 

Where the climate is mild, the two- 
litter system is usually decidedly more 
profitable than the one-litter method. The 
fall litters should prove as satisfactory as 
the spring pigs, for they can be furnished 
pasture until late in the fall and in the 
southern states also in winter. Even in the 
northern states, excellent results are se- 
cured from fall pigs when they are prop- 
erly fed and cared for. 

In the corn belt the two-litter system 
has several advantages, as well as certain 
disadvantages. The chief advantages are: 
(1) A maximum use is made of capital 
invested in equipment; (2) the breeding 
herd may be improved more readily by 
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retaining sows that produce large litters 
of pigs that prove efficient in the feed 
lot; (3) there is a better distribution of 
labor; (4) under the two-litter system 
pigs can be marketed at the two times of 
the year when the prices are usually 
highest— in early fall and in spring; and 
(5) there is a better distribution of farm 
income. 

These advantages are offset to some 
extent by the fact that the death losses 
are usually higher in pigs farrowed early 
in the spring, as is necessary in the two- 
litter system, than they are in litters far- 
rowed later when the weather is more 
favorable. 

In cost studies on Illinois, Indiana, 
and Minnesota farms and in South Da- 
kota experiments during 5 years, the two- 
litter system was more profitable than 
the one-litter method. 58 The possibilities 
for increased profits with the two-litter 
system under careful management are 
well shown by the results of the South 
Dakota studies. On the average, the net 
return per sow was $110.70, in com- 
parison with only $42.14 per sow in the 
one-litter method. 

1490. Fall pigs. — Even in the 
northern states pigs which are farrowed 
early in the fall and which get a good 
start on pasture make satisfactory and 
economical gains. However, under poor 
conditions fall pigs are apt to be a dis- 
appointment where the winters are cold. 

In Minnesota trials fall pigs that 
were well housed and fed efficient ra- 
tions in dry lot from shortly after wean- 
ing required 404 lbs. of feed per 100 
lbs. gain; spring pigs fed in dry lot, 402 
lbs.; and spring pigs on pasture, 390 
lbs. not including the pasture eaten. 59 
Because of a higher price per hundred- 
weight, the net return was considerably 
greater from the fall pigs. 

In South Dakota experiments over 
a period of 5 years, fall pigs required 
an average of 446 lbs, of feed, including 
that eaten by the sows, per 100 lbs. of 
pork produced. 60 For spring pigs the 
requirement was 413 lbs. of concentrates, 
in addition to pasture. The net return 
per 100 lbs. of pork produced was higher 
tor spring pigs. 


In the South where pasture can be 
provided during all or most of the winter 
and where the weather is hot in summer, 
fall pigs may make more rapid and more 
economical gains than spring pigs. This 
was the case in Tennessee experiments 
with pigs which were either full-fed or 
fed limited rations on pasture. 61 Fall 
pigs also made more rapid gains than 
did spring pigs in Texas trials, but the 
fall pigs needed about 9 per cent more 
feed per 100 lbs. gain. 62 

Where the winters are cold, fall 
pigs should be farrowed early enough to 
be well started before the cold comes on. 
It is important that clean pasture be pro- 
vided for sows with fall litters, as this 
aids greatly in keeping the pigs thrifty. 
Where the climate is suitable, the pigs 
should also be on good pasture at wean- 
ing time and for as long afterward as 
possible. This will enable them to build 
up a store of vitamins in their bodies to 
help overcome any shortage during the 
winter. 

To keep fall pigs thrifty after the 
pasture season and to secure rapid and 
economical gains, they must receive ef- 
ficient rations. The importance has been 
emphasized in the previous chapter of 
feeding pigs in dry lot rations that pro- 
vide: (1) Plenty of protein; (2) protein 
of good quality; (3) ample minerals; and 
(4) an abundant supply of vitamins. As 
shown previously, it is especially im- 
portant to include well-cured legume hay 
as vitamin insurance in rations for grow- 
ing pigs not on pasture. 

Efficient supplemental mixtures for 
growing and fattening pigs in dry lot 
have been discussed in detail in the pre- 
ceding chapter (1418-1420) An anti- 
bio tic- vitamin B 12 feed supplement in- 
creases the gains and helps keep the pigs 
thrifty. (1422) 

If plenty of skimmilk or buttermilk 
is available, the ration for fall pigs may 
consist of only grain and the dairy by- 
product, with legume hay in addition. 
For pigs under 75 lbs. in weight it is ad- 
visable to add to a ration of corn, skim- 
milk, and legume hay a small amount of 
some other protein supplement, as young 
pigs full-fed on com will often not drink 
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enough milk to balance the ration com- 
pletely. 

Suitable, well-ventilated dry quarters 
must be provided for fall pigs, where 
they can be kept comfortable during cold, 
wet weather. They should be supplied 
with sufficient bedding, and this should 
be replaced when it becomes damp. 

1491. Sanitation and disease pre- 
vention. — Sanitation is fully as important 
as proper feeding in pork production. If 
hogs are raised on the same ground year 
after year with little or no regard for 
proper sanitation, there will be heavy 
losses from round worms and other para- 
sites and also from filth-borne diseases. 
As a result of these conditions, many pigs 
will die before they get to market, and 
others will become unprofitable. On the 
other hand, under an efficient system of 
swine sanitation, including the use of 
clean, uncontaminated pasture for the 
young pigs, such losses can be largely 
prevented. 

The common round worm of swine 
is one of the chief causes of death or lack 
of thrift among young pigs, and also is 
one of the most injurious parasites in 
older swine. Under usual conditions, 
probably one-third of the hogs of breed- 
ing age are infected to a greater or less 
extent with these parasites. 

It is difficult to control round worms, 
because the eggs, which are voided in 
the feces from infected swine, are re- 
sistant to freezing, thawing, or drying and 
also are not killed by most chemical dis- 
infectants. However, they are soon killed 
by exposure to sunlight in a dry place. 

The “McLean County System of 
Swine Sanitation,” developed by the 
United States Department of Agriculture, 
not only controls round worms but also 
largely prevents trouble from other in- 
ternal parasites and from filth-borne dis- 
eases, such as necrotic enteritis. 63 The 
effectiveness of this system is based upon 
the fact that when the round worm eggs 
are first passed out of the body of a hog 
in the feces they are not infectious. In 
a few weeks or longer, tiny worms de- 
velop in the eggs. If then swallowed by 
swine, the eggs will hatch and the worms 
will infect the swine. 



The eggs are of microscopic size and 
are present in the manure of infected 
hogs or in soil contaminated by such 
manure. One full-grown female worm 
may produce as many as 80,000,000 
eggs. The eggs may remain alive in the 
soil for a year or more. 

The incubated eggs which are swal- 
lowed by pigs hatch in the small intes- 
tine. The young worms, which are too 
small to be seen by the naked eye, then 
penetrate the wall of the small intestine ^ 
and are carried in the blood through the 
liver to the heart and lungs. In the lungs 
the small worms migrate through the ■ 
blood vessels and invade the lung tissues. 
From the air spaces in the lungs, 1 the 
worms are coughed up by the pigs into 
the throat and swallowed. The worms, 
which are now only one-fifteenth to one- 
twentieth inch in length, grow to adult 
size in the intestines in a period of 2 to 
3 months. 

The greatest injury to young pigs 
occurs when the worms are in the lungs. 

In case of a heavy invasion, many ab- 
c esses are produced, the pigs become un- 
thrifty, and many die from pneumonia. 
Common indications of infestation are 
coughing and difficult breathing, some- 
times known as “thumps.” In the later 
intestinal stages, the worms may also be 
decidedly injurious if many are present. 
This is especially the case when they in- 
vade the gall bladder and the ducts of' the 
liver. 

The following are the essentials of 
the McLean County system: 

1. The farrowing pens should be 
cleaned thoroughly, all dirt, dust, and 
bedding being removed. Then the floors 
and the walls for 2 feet from the floor 
should be scrubbed with boiling water, 
to each 30 gallons of which 1 lb. of lye 
has been added. After the pen has been 
scrubbed it is wise to spray it with a re- 
liable disinfectant. The lye does not kill 
the round worm eggs, but is necessary to 
loosen the dirt, and thus remove the 
eggs. The hot water kills some of the 
eggs and the lye and the disinfectant kill 
disease germs. 

2. Before the sow is put in the far- 
rowing pen, all dirt and litter should be 
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carefully brushed from her sides and legs, 
and her udder, legs, and feet washed with 
warm water and soap. A single small 
chunk of dirt remaining on the sow may 
contain enough round worm eggs to stunt 
a pig that swallows it. 

3. Until they are taken to pasture, 
the sow arid pigs must be confined to the 
farrowing pen, or to the pen and a paved 
a, jucent outside lot which has been simi- 
larly scrubbed. The sow and litter should 



Scrubbing the Pen 

In the McLean County system of sani- 
tation, the farrowing pen is scrubbed with a 
hot lye solution. 

be hauled (not driven) to a pasture 
where no pigs have been kept for at least 
a year, and which preferably has been 
cultivated since it was last used by hogs. 
If the pigs are driven over contaminated 
ground, they may pick up enough worm 
eggs on the way to lessen greatly the 
benefits from the system. 

4. The pigs should be kept on clean 
pasture until they are at least 4 months 
old, after which time they are much less 
susceptible to injury from round worms 
or other parasites, or to infection with 
necrotic enteritis or other filth-borne dis- 
eases. 

Where the soil is sandy and well- 
drained it may not be necessary to wash 
the sows before farrowing. Also, when 
sows farrow during the pasture season, 
they can be housed in portable colony 
houses located in the clean pasture where 
they are to remain after farrowing. The 


floor of the colony house should, of 
course, be cleaned and scrubbed as ad- 
vised in the case of the farrowing pen. 

The benefits from following an effi- 
cient system of swine sanitation are 
shown by studies which have been made 
of the cost of pork production on various 
farms. For example, on Illinois farms 
where the McLean County system was 
followed, 55 lbs. less feed was required 
per 100 lbs. gain than on farms where no 
sanitation system was used, and the total 
cost per 100 lbs. of hogs marketed was 
19 per cent less. 64 

Even when good sanitation is fol- 
lowed, some pigs may become infected 
with round worms. In all such cases a 
reliable worm expellant should be used. 
Care should also be taken to eradicate 
lice by greasing, spraying, or dipping 
swine with crude oil or waste crank case 
oil. Mange should be eradicated by treat- 
ment with crude oil, or kerosene mixed 
with lard or cottonseed oil, or lime sul- 
fur solution. 

Where hog cholera is common, the 
only safe plan is to immunize all swine by 
vaccination. 

1492. Shipment to market; shrink- 
age. — To reduce the shrinkage in weight 
of hogs during shipment to market cer- 
tain precautions should be taken. Indi- 
ana studies show that where hogs are 
trucked not over about 100 miles to mar- 
ket and can be fed after arrival, it is best 
to give them a normal feed the previous 
evening, but not to feed them at the 
farm the morning of shipment. 65 They 
should be hauled to market early in the 
morning and be given a corn and water 
fill at the market. 

Hogs shipped a longer distance 
should be fed grain before shipment. 66 
However, they should be given only a 
rather light feed, especially in hot weath- 
er, so they will be less apt to overheat. 

Because they are accustomed to un- 
ground corn, hogs that are finished on 
shelled corn or ear corn are apt to fill 
better on shelled corn and water at the 
market than those which have had 
ground feed. It is probably not advan- 
tageous to confine pigs that have been 
on pasture to a dry lot for a few days 
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before shipping them. This may reduce 
the shrinkage between home weights and 
market weights, but some shrinkage will 
have already occurred in the change from 
pasture to dry lot. If hogs have been 
fed slop, it may be wise to use dry feed 
for a few days before shipment. 

In driving or loading the hogs, care 
must be taken not to hurry or excite 
them, and they should not be beaten or 
bruised. Crippled hogs sell at a severe 
discount, and bruises also lower the sell- 
ing price, as they injure the carcass. 

When hogs are shipped by rail, they 
should reach the shipping station in 
plenty of time for them to become rested 
and cooled before they are loaded. The 
car should be thoroughly cleaned before 
loading and should be bedded with sand, 
as this furnishes better footing than straw 
or than no bedding at all. 67 In hot weath- 
er hogs should be sprayed with a hose 
before loading and also when possible at 
stopping points in transit. If the weather 
is very hot, suspending from the roof of 
the car sacks containing large cakes of 
ice, helps prevent overheating. In ex- 
treme winter weather it is a good plan to 
protect the hogs from cold winds by nail- 
ing a few strips of building paper on the 
inside of the car. 

Indiana experiments show that the 
shrinkage is increased when a car is 
loaded too full. 68 However, if there are 
not enough hogs to fill it comfortably 
when they are lying down, the shrinkage 
will also be greater, because of jostling 
around. 

The average percentage of shrink- 
age for hogs shipped by rail for various 
distances in the Indiana studies ranged 
from 1.35 per cent for those shipped less 
than 62 miles, to 1.89 per cent for those 
shipped 263 miles or more. The percent- 
age of shrinkage was somewhat greater 
for heavy hogs than for lighter ones, 
probably because heavy hogs cannot han- 
dle themselves so well and they tire more 
easily. Also, they may not fill so well at 
the market. 

In studies by the United States De- 
partment of Agriculture, the shrinkage 
was determined between the purchase 
weights of hogs bought by packers at 


shipping points in the country and the* 
shrunk weights after shipment to th|H| 
packing plants. 69 Hogs in transit 7 to 
hours shrank an average of 5.3 per 
in summer and 4.1 per cent in winS^BP 
Those in transit 55 to 60 hours sl ^jl pr 
8.9 per cent in summer and 7.9peFtata^^ 
in winter. 

Most of the shrinkage is due jgppB? 
cretion of feces and urine, but part : l|»ii^' 
to actual tissue shrinkage. It was ImJI 
mated that the tissue shrinkage was lesJ(| : 
than 1 per cent of the live weight for' , 
hogs in transit 7 to 12 hours, and about ^ 
3 per cent for hogs in transit 55 to 60 
hours. 

It was found in the Indiana studied 
that the shrinkage increased as the tem- 
perature rose, except that the shrinkage 
was also higher when the temperature 
was less than 18 to 27° F. The shrink- 
age was lowest in late fall and in winter 
when the hogs had been fattened on dry 
feeds. It was greatest in spring when pas- 
ture was lush, and in early fall when a 
large proportion of the hogs had prob- 
ably been finished on new corn. The per- 
centage shrinkage of hogs is considerably 
greater in mixed carloads of hogs and 
other stock than it is in straight carloads 
of hogs. 

In Illinois studies there was no 
marked difference in percentage of 
shrinkage when hogs were shipped the 
same distance by rail and by truck, 
though there was a tendency for the 
shrinkage to be slightly higher for truck 
shipment. 70 The losses by death and 
crippling were only about one-half as 
great in Indiana studies for hogs trucked 
(usually less than 75 miles), as they 
were for hogs shipped by rail (generally 
75 to 175 miles). 71 Part of this differ- 
ence was, of course, due to the greater 
distance of the rail shipments. 

1493. Cost of pork production. — 

The cost of producing pork will vary 
widely from year to year and also during 
the same year in various sections, de- 
pending chiefly upon the prices of feed. 

The cost of feed, including pasture, will 
commonly form 75 to 85 per cent of the 
total cost of producing 100 lbs. of mar- 
ketable hogs. Man labor, the next largest 








Under These Conditions Profits Cannot Be Expected 

Pigs which have no pasture and are in filthy, unsanitary quarters make expensive gains. 
Many become runts or die because of disease or infection with worms. 


live hogs. 72 This includes the feed eaten 
by the breeding herd, but does not in- 
clude hay or pasture consumed. Skim- 
milk fed on some of the farms has been 
reduced to an air-dry basis. 

In Illinois studies there were re- 
quired per 100 lbs. of marketable live 
hogs: 400 lbs. com, 73 lbs. other grain, 
7.7 lbs. miscellaneous concentrates, 2.0 
lbs. hay, and 1.5 lbs. minerals, or a total 
of 484 lbs., including hay. 73 In studies 
in southeastern Minnesota, a dairy dis- 
trict where skimmilk was fed on many of 
the farms, the average requirement per 
100 lbs. of marketable hogs was: 316 


Department of Agriculture when com 
was very cheap, the cost of producing 
100 lbs. of hogs was 15.2 times the farm 
price of com per bushel. 74 

On the Illinois farms the sows in 
the breeding herds consumed an average 
of 2,075 lbs. of feed per head in addition 
to pasture during the year. On many of 
the farms gilts were used solely or chiefly 
for breeding, and these were sold as soon 
as they could be fattened after weaning 
their first litters. 

In these studies approximately 30 
per cent of the total cost of producing 
pork was for the maintenance of the 


H ly less than 10 per cent of 
t. To the cost of feed and 
lust be added the expenses 
ractor labor, equipment and 
3st, veterinary services, and 
* items, including death 

siVe cosIj accounting studies 
various corn belt states 
\ to 505 lbs. of concentrates 
piired, on the average, in 
.ch 100 lbs. of marketable 


lbs. corn, 124 lbs. other grain, 14 lbs. 
other concentrates, and 459 lbs. skim- 
milk. 2 

In the Illinois studies the total cost 
of producing each 100 lbs. of marketable 
hogs was equal to 11.1 times the aver- 
age farm price of corn per bushel. This 
relationship, called the corn-hog ratio, 
varies considerably in various years, de- 
pending on the price of corn compared 
with the level of other costs. For ex- 
ample, in studies by the United States 
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breeding herd and 70 per cent for the the use of guard rails or pig brooders to 
growing and fattening pigs. protect the young pigs. 

1494. Reducing the cost of pork Other factors of prime importance 

production. — These cost studies and also m increasing the net returns from pork 
similar other investigations show clearly production, which have been empha- 
the ways in which the cost of pork pro- sized previously in this and the preced- 
duction may be reduced and the net re- mg chapter, are; Providing good pasture 
turns increased on the average farm. 75 throughout the growing season; efficient 

One of the most important factors control of internal parasites and certain 
is the average number of pigs raised per diseases by sanitation; the feeding of eco- 
litter. When the number weaned per lit- nomical well-balanced rations to growing 


Thrifty Pigs Raised under Sanitary Conditions 

These thrifty pigs on clean alfalfa pasture are a striking contrast to those in unsanitary 
quarters. 

ter is small, the pigs will start into the 
fattening period with a cost handicap that 
cannot be overcome by the most efficient 
feeding and care. In the Minnesota stud- 
ies, the average net return over cost of 
feed, per 100 lbs. of hogs marketed, was 
$1.70 on farms where an average of 7 
pigs or more were weaned per litter, and 
only 80 cents on farms where the aver- 
age number weaned was 5 or less. 2 

Large litters at weaning time can be 
secured only by a combination of effi- 
cient breeding and selection of breeding 
stock, the feeding of excellent rations to 
brood sows and young pigs, and proper 
housing and care of the sows, including 


and fattening pigs; and planning the 
swine enterprise so that the hogs are 
ready for market at the times of the year 
when prices are best. 

The importance of abundant good 
pasture for swine is shown by the records 
on 200 Illinois farms. 76 On the one-third 
of the farms where the most pasture was 
provided only 417 lbs. of concentrates 
were required per 100 lbs. of hogs mar- 
keted. On the farms having the least 
pasture, the requirement was 462 lbs. of 
concentrates. 

The best returns are, of course, se- 
cured by highly efficient farmers who ex- 
cel in all the ways of reducing the cost of 
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production. For example, in the Minne- 
sota studies farmers who excelled in all 
the factors necessary for low cost pork 
production, received a net income over 
cost of feed of $2.79 on each 100 lbs. of 
hogs marketed. 2 Those who excelled in 
only half the important factors received 
a net income of only $1.49 per 100 lbs. 
of hogs marketed, and those who were 
below average in all factors did not get 
enough income from their hogs to pay 
for the cost of feed. 

In a recent cost study of pork pro- 
duction on Iowa farms, only 58 per cent 
as much feed was required to produce 
100 lbs. of live hogs on the one-third of 
the farms that were most efficient as was 
needed on the least efficient one-third. 77 

QUESTIONS 

1. Discuss the importance of pasture for 

swine. 

2. What are the best pasture crops for 

swine in your region? 

3. What do the Minnesota cost studies 

show concerning the value of pasture? 

4. What results have been secured in ex- 

periments in which growing and fat- 
tening pigs on pasture have been 
compared with those in dry lot? 

5. What factors should be considered in 

selecting brood sows and boars? 

6. State 6 essentials in the feed and care of 

brood sows. 

7. What grains are most commonly fed to 

brood sows in your region? 

8. Discuss the feeding of brood sows on 

grain alone during pregnancy. 

9. Why is it important to feed legume hay 

to brood sows not on pasture? 

10. Discuss the use of legume hay as the 

only protein supplement for sows. 

11. Which protein-rich feeds are satisfactory 

as the only protein supplement for 
brood sows? Which protein supple- 
ments should be fed in combination 
with more efficient supplements? 

12. Discuss the use of com for brood sows. 

How do barley and oats compare with 
com in value for sows? 

13. Under what conditions should other min- 

eral supplements than salt be fed to 
brood sows? 

14. How would you regulate the amount of 

grain for pregnant sows? Is it gener- 
ally advisable to self-feed pregnant 
brood sows? 


. Discuss the importance of exercise for 
brood sows. 

. How should brood sows be fed during 
the summer? 

. Why is it advisable to “flush” sows 
shortly before breeding time? 

. State the most important points concern- 
ing the feed and care of the boar. 

. What are the advantages and disadvan- 
tages of gilts in comparison with older 
sows? 

. State briefly how you would feed and 
care for a sow: (a) Previous to far- 
rowing; (b) at farrowing time; (c) 
immediately after farrowing. 

. About how much milk does a good sow 
produce during a lactation period? 

. How are litters “evened up?” 

Discuss the feeding of sows that are 
suckling litters. 

, What sort of a feed should be used for 
creep-feeding suckling pigs? 

, Discuss the early weaning of pigs. 

What feeds and supplements should a 
milk replacer contain? 

Are there any pig hatcheries in your 
state? How successful have they been? 

Discuss the feeding and care of pigs and 
sows at weaning time. 

In what respect should the feeding of 
pigs which are being raised for breed- 
ing stock differ from that of pigs 
which are being fattened for mar- 
ket? 

What have experiments shown concern- 
ing the effects of breeding gilts at an 
early age? 

State the advantages and disadvantages 
of the two-litter-a-year method of pork 
production in comparison with the 
one-litter method. 

How do fall pigs compare with spring 
pigs in rate and economy of gains, 
when properly fed and cared for? 

What are the essentials for success with 
fall pigs? 

Discuss the importance of sanitation and 
disease prevention in pork produc- 
tion. 

Describe the McLean County system of 
round-worm control, stating the facts 
in the life history of the round worm 
upon which the effectiveness of the 
system depends. 

What precautions would you take to re- 
duce the shrinkage when hogs are 
shipped to market? 

Discuss the main factors in the cost of 
pork production. 

What are the ways in which the cost of 
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pork production may be reduced on 
the average farm? 
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CHAPTER XXXVI 

GENERAL PROBLEMS IN POULTRY PRODUCTION 


including trace minerals; and for vita- 
mins, including certain unidentified vita- 
mins, or factors. Numerous investiga- 
tions have also shown that the rate of 
gain and the feed efficiency of growing 
poultry can be increased by a suitable 
antibiotic feed supplement. High-energy 
rations have been developed, especially 
for broiler production, which consider- 
ably reduce the amount of feed required 


I. Nutrient Requirements of 
Poultry 

1495. Modern poultry production 
revolutionized by nutrition discoveries. — 
The discoveries in poultry nutrition dur- 
ing recent years have made possible revo- 
lutions in poultry production. Before 
these discoveries were made, attempts 
to raise chickens in confinement were 
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ods of poultry production, in which little 
or n6 range or pasture may be used. 
Sometimes hens are even confined dur- 
ing mpst of their lives in small individual 
compartments, or batteries. Although 
such 'i conditions are far different from 
those : natural for fowls, the hens thrive 
to a surprising degree, because their nu- 
tritive requirements are known and can 
be fully met. 


required per pound of broiler produced, 
with a range from 2.8 lbs. to 5,4 lbs. 4 

When broilers are fed, with expert 
management, the best possible high- 
energy rations, supplemented amply with 
minerals and vitamins and with an effec- 
tive antibiotic feed supplement, the gains 
can now be surprisingly efficient. For 
example, in a Maryland test recently 
completed with 7,860 birds of both sexes, 



A Faem Flock of Chickens 

Although modern, scientific methods have made possible intensive, large-scale poultry 
production, the majority of the chickens in the United States are kept in farm flocks, under 
more natural conditions. This flock has excellent pasture in summer. ( From New York State 
College of Agriculture, Cornell University. ) 


The great changes that have re- 
sulted from these recent developments 
are shown by the following: Only 10 
years ago, the average annual egg pro- 
duction per hen in the United States was 
about 110 eggs. 1 Now, in commercial 
flocks the annual egg production per 100 
hens is estimated at over 18,000 eggs, 
and above 20,000 eggs in some states. 2 

In cost accounting studies of broiler 
production only a few years ago, it was 
found that 4.2 to 4.8 lbs. of feed were 
required per pound of broiler marketed. 3 
In a study for 1951-1952 of the results 
of 80 New York broiler producers, an 
average of only 3.7 lbs. of feed were 


the broilers weighed an average of 2.83 
lbs. at 8 weeks of age and had required 
only 2.21 lbs. of feed per pound of 
weight. 5 

Large-scale intensive methods of 
poultry production are of great impor- 
tance in certain sections of the United 
States, but the majority of the chickens 
in the country are kept in farm flocks, 
under more natural conditions. Here they 
can get no small part of their feed by 
foraging during the growing season. Also, 
they utilize considerable feed that might 
otherwise be wasted, such as garbage and 
surplus vegetables. 

Of the total number of poultry in 
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the United States, over 90 per cent are 
chickens. Because of the great importance 
of chickens compared with other poul- 
try, the following discussions deal chiefly 
with them. Brief summaries concerning 
the production of turkeys, ducks, and 
geese are given in the next chapter. 

1496. Digestion in poultry. — The di- 
gestive systems of poultry are much dif- 
ferent from those of the larger farm ani- 
mals. 6 Poultry have no teeth with which 
to chew their food, the teeth and lips 
being replaced by the horny beak or bill. 
Such soft feeds as vegetables, green herb- 
age, or meat can be torn into pieces by 
the beak, but hard substances like grain 
are swallowed whole. Since no chewing 
is done in the mouth, abundant saliva is 
not needed, and the salivary glands are 
not well developed. 

From the mouth the food is forced 
down the gullet into the crop, a pouch- 
like enlargement of the gullet just before 
it enters the body cavity. The food is 
stored temporarily in the crop and soft- 
ened somewhat. From the crop it passes 
on in small quantities, as it can be ac- 
commodated for grinding in the gizzard. 

Such hard feeds as whole grain may 
remain in the crop 12 hours or more. In 
New York studies 30 to 40 per cent or 
more of the feed generally remained in 
the crop 12 hours after it had been 
eaten. 7 Within 24 hours practically all of 
it had passed out of the crop. 

There is little or no secretion of en- 
zymes in the crop. However, a little di- 
gestion may be produced by enzymes 
contained in the feed, by ptyalin of the 
saliva, and by bacterial action. 

From the crop the food passes 
through the second part of the gullet into 
the glandular stomach (called the pro- 
ventriculus), where the gastric juice is se- 
creted. The food does not remain here 
any appreciable time, but passes on, 
mixed with the acid gastric juice, into 
the gizzard, or muscular stomach (called 
the ventriculus). 

The gizzard is a powerful, muscular 
grinding apparatus, with a tough horny 
lining. In it the food is finely ground with 
the aid of grit or small pebbles. Though 
grit is not necessary for the grinding ac- 


tion of the gizzard, it enables chickens 
to make more efficient use of whole 
grains and coarse, fibrous feeds. (1514) 

From the gizzard the partly-digested 
food passes into the small intestine, in 
which the digestive processes are similar 
to those in other farm animals. Most of 
the gastric digestion takes place in the 
first part of the small intestine. Farther 
along, the food is acted on by the bile, 
the pancreatic juice, and the intestinal 
juice. 

The large intestine in poultry has 
but small capacity and is of minor im- 
portance in digestion. It consists of a 
short rectum and two ceca, or blind guts, 
at the juncture of the small intestine and 
the rectum. 

In poultry the urine and the feces 
are not voided separately, but both are 
excreted through a common chamber, 
called the cloaca. Most of the water in 
the urine is reabsorbed in the cloaca, and 
the urine is voided as a whitish paste 
with the feces. The nitrogenous waste is 
excreted chiefly in the form of uric acid 
and urates, instead of urea, as with mam- 
mals. 

1497. Digestibility of feeds by poul- 
try. — For feeds low in fiber, such as corn, 
wheat, or the grain sorghums, there is no 
great difference in the digestibility by 
poultry and by cattle or sheep. On the 
other hand, the digestibility by poultry 
of feeds high in fiber is low. This is be- 
cause they have little ability to digest 
fiber, except that in some green forages 
and in roots. 

Since tire urine is not voided sepa- 
rately by poultry, digestion trials cannot 
be conducted with them by the same 
methods that are used with the larger 
farm animals. To determine the approxi- 
mate digestibility of feeds by poultry, 
methods have sometimes been used to 
separate the feces from the urine, or to 
estimate the amount of nitrogen in the 
urine. 

1498. Feeding standards; nutrient 
allowances. — Feeding standards based 
upon digestible nutrients are not com- 
monly used in poultry feeding. This is 
because there is very little information 
concerning the actual amounts of digest- 
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ible nutrients furnished to poultry by 
various feeds. 

The standards for poultry are gen- 
erally stated in terms of total protein and 
of other required nutrients. Also, because 
of the small size of poultry, the standards 
are usually stated in terms of the amounts 


Council in a report entitled, “Recom- 
mended Nutrient Allowances for Poul- 
try” 8 These standards for chickens, 
which have been recently revised, are 
given in detail in the following table. 
The standards for turkeys are given in 
Chapter XXXVII. 


Nutrient requirements of chickens 1 



Starting 

chickens 

0-8 

Gi'owing 

chickens 

8-18 

Laying 

Breeding 


weeks 

weeks 

hens 

hens 

Total protein, per cent 

20 

16 

15 

15 

Vitamins 

Vitamin A activity ( U.S.P. Units ) 2 

1200 

1200 

2000 

2000 

Vitamin Da (International Chick Units) . 

90 

90 

225 

225 

Thiamine, me; 

0.8 

? 

? 

? 

Riboflavin, mg 

1.3 

0.8 

1.0 

1.7 

Pantothenic acid, mg 

4.2 

4.2 

2.1 

4.2 

Niacin, mg 

12 

? 

p 

? 

Pyridoxine, mg 

1.3 

? 

1.3 

1.3 

Biotin, mg 

0.04 

? 

p 

? 

Choline, mg. 3 

600 

? 

? 

? 

Folacin, mg 

0.25 

? 

0.11 

0.16 

Minerals 

Calcium, per cent 

1.0 

1.0 

2.25 4 

2.25 4 

Phosphorus, per cent 5 

0.6 

0.6 

0.6 

0.6 

Salt, per cent G 

0.25-0.50 

0.25-0.50 

0.5 

0.5 

Potassium, per cent 

0.2 

0.16 

? 

? 

Manganese, mg 

25 

? 

? 

15 

Iodine, mg 

0.5 

0.2 

0.2 

0.5 

Magnesium, mg 

220 

? 

? 

? 


1 These figures are estimates of requirements and include no margins of safety. 

2 May be vitamin A or carotene. 

3 May be partially replaced by betaine. 

4 This amount of calcium need not be incorporated in the mixed feed, inasmuch as calcium supplements 

fed free-choice are considered as part of the ration. 

5 At least 0.45 per cent of the total feed of starting chickens should be inorganic phosphorus. All of 

the phosphorus of non-plant feed ingredients is considered to be inorganic. Approximately 30 per 
cent of the phosphorus of plant products is non-phytm phosphorus and may be considered as part 
of the inorganic phosphorus required. A portion of the phosphorus requirement of growing chickens 
and laying and breeding hens must also be supplied in inorganic form. For birds in these cate- 
gories the requirement for inorganic phosphorus is lower and not so well defined as for starting 
chickens. 

6 This represents salt or sodium chloride added as such or in marine or fermentation products of high 

sodium chloride content. In the table published by the committee, the added salt requirement is 
given as 0.5 per cent for all classes of chickens. Because of the results secured in recent experiments 
with chicks, the author has given in this table a range of from 0.25 to 0.50 per cent of added 
salt in rations for starting chicks and for growing chickens. (1510) 


of the various nutrients required per 
pound of feed, instead of the allowances 
per head daily. For these reasons, feed- 
ing standards for poultry are not in- 
cluded in the feeding standards pre- 
sented in Appendix Table III, 

The standards used generally in this 
country are those prepared by a special 
committee of the National Research 


It is important to note that these 
revised standards are estimates of mini- 
mum requirements and do not include 
any margins of safety, such as there are 
in the feeding standards for other ani- 
mals, given in Appendix Table III. To 
provide for variations in the composition 
of feeds and differences in the require- 
ments of individual birds, the amounts 
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recommended of certain nutrients in the 
earlier standards were considerably above 
the estimated minimum needs. 

For example, the following margins 
of safety were provided in the earlier 
standards: Vitamin A for hens, over 60 
per cent; vitamin D, 50 per cent; B-com- 
plex vitamins, 20 per cent. 

In using the preceding table to for- 
mulate practical rations, it is therefore im- 
portant to see that the amounts of nu- 
trients provided are sufficiently above 
these minimum requirements to be safe 
under all conditions. 

The requirements of chickens for 
the various nutrients are considered in de- 
tail in the articles which follow. Infor- 
mation concerning the desirable propor- 
tions of various types of ingredients in 
poultry rations is given in the example 
rations presented in Appendix Table VII. 
These rations may readily be modified 
to meet the conditions in various re- 
gions. 

1499. Percentages of protein. — The 
protein requirements of poultry are com- 
monly stated in terms of the percentages 
of total protein (not digestible protein) 
which are needed in rations for good re- 
sults when the protein is of satisfactory 
quality. 

In the standards of the committee of 
the National Research Council, which 
have been given in the preceding table, 
not less than 20 per cent total protein is 
advised in a ration for chicks up to 8 weeks 
of age, and 16 per cent from 8 to 18 
weeks of age. For laying hens, including 
breeders, the minimum recommended is 
15 per cent. 

Chickens fed high-energy rations, 
which are discussed later, need a slightly 
higher percentage of protein than do 
those fed rations containing more fiber. 

( 1533) This is because a little less weight 
of feed is usually consumed on a high-en- 
ergy ration. For the birds to secure the 
proper amount of protein per day, the 
percentage of protein must be slightly 
higher. 

Formula feed manufacturers conse- 
quently give attention to the proportion, 
or ratio, between the Calories of net en- 
ergy, or productive energy, and the per- 




centage of protein in high-energy 
mashes. 9 (1531) 

Numerous experiments have been 
conducted to compare various levels of 
protein in rations for growing chickens. 10 
These experiments have shown that good 
gains are made on rations containing the 
percentages of protein stated in the table. 
However, the rate of gain may be slightly 
more rapid, especially for chicks of the 
heavier breeds, if the ration has at least 
21 per cent of protein for the first 6 to 
8 weeks, and then at least 17 per cent. 

In a recent New York experiment 
with Single Comb White Leghorn pullet 
layers fed a high-energy ration, 15 per 
cent of total protein was sufficient for a 
strain of birds that reached a mature 
average weight of 5 lbs. 11 Pullets of a 
smaller strain, which averaged about 4 
lbs. in weight at maturity, needed be- 
tween 15 and 16.5 per cent of protein in 
the ration. 

When hens are fed mash and 
scratch grain and consume about equal 
weights of each, the mash should have 
not less than 20 to 21 per cent of pro- 
tein. This will provide about 15 per cent 
of protein in the entire ration. 

Poultry on protein-rich pasture, 
such as alfalfa or Ladino clover, need 
considerably less protein in the concen- 
trates than do hens not on pasture. In ex- 
periments in Scotland, rations having 
only 11 to 12 per cent protein were ade- 
quate for hens on good pasture. 12 

1500. Quality of protein, — In poul- 
try rations it is fully as important to have 
protein of good quality as it is to have a 
sufficient amount of protein. (107-129) 
Rations in which the protein comes en- 
tirely from grain and grain by-products 
produce poor results, because of poor 
quality of protein, even if there are 
ample supplies of minerals and vitamins. 

Fish meal, meat scrap, tankage, and 
dairy by-products have a high value as 
protein supplements in poultry rations. 
(114, 121, 845, 905, 920) 

Fish meal and also skimmilk and 
other dairy by-products are very effi- 
cient in correcting the deficiencies in the 
proteins of the grains and the grain by- 
products. Meat scrap and tankage are 
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also effective protein supplements for 
the grains, except that in a ration con- 
sisting almost entirely of com and one of 
these supplements there may be a slight 
deficiency of tryptophan, as is pointed 
out later. ( 1503 ) 

Excellent results are secured when 
only these feeds of animal origin are used 
to balance grains and grain by-products 
in poultry rations, with whatever mineral 
or vitamin supplements are needed in ad- 
dition. However, it is generally cheaper 
and more economical to use much smaller 
amounts of these animal-protein supple- 


many different protein supplements are 
discussed in detail in the chapters of Part 
II. It is there emphasized that soybean 
oil meal which has been properly cooked 
in the manufacturing process ranks next 
to the protein supplements of animal ori- 
gin for poultry. (806) 

If the ration is properly supple- 
mented with calcium, phosphorus, and 
riboflavin, soybean oil meal gives excel- 
lent results when it replaces the major 
part of the animal-protein supplements 
needed to balance rations for chicks, 
growing pullets, or laying hens. 



Good Pasture Helps Meet the Nutrient Requirements 


Poultry on good pasture, such as this, have an abundance of most vitamins. Also, the 
pasture forage helps to meet the protein and mineral requirements. (From New York State 
College of Agriculture, Cornell University.) 


ments than would be required to balance 
a ration fully, and to supply a large part 
of the needed protein by protein supple- 
ments of plant origin. 

Part of the high value for poultry 
of the protein supplements of animal ori- 
gin is due to their richness in calcium and 
phosphorus and also in their content of 
vitamins. Therefore, when plant-protein 
supplements are used as the only or the 
chief protein supplements in poultry ra- 
tions, care must be taken to add what- 
ever mineral and vitamin supplements 
may be needed. 

The value and use for poultry of the 


If care is taken to supply proper 
amounts of minerals and vitamins, rea- 
sonably good egg production and growth 
of chicks can be obtained when soybean 
oil meal replaces all of the animal-protein 
supplements. However, for the best re- 
sults, a certain minimum amount of feeds 
of animal origin should be included in 
the ration. In the case of poultry that are 
confined, there is a greater benefit from 
including in the ration such supplements 
as meat scrap, fish meal, or dairy by- 
products, than there is for poultry which 
are on good pasture. This is due both to 
the quality of protein in good pasture 


fej . 
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forage and to the worms and insects they 
secure on pasture. 

Peanut oil meal probably ranks next 
to soybean oil meal as a substitute for 
animal-protein supplements. (841) Corn 
gluten meal is a satisfactory substitute 
for one-half of the meat scrap in poultry 
rations, but should not be used as the 
chief protein supplement, as the protein 
is not of high quality. (716) Similarly, 
corn distillers dried grains should be 
used only in combination with supple- 
ments which provide protein of good 
quality. (954) 

1501. Minimum proportions of ani- 
mal-protein supplements. — Numerous ex- 
periments have been conducted to deter- 
mine the minimum proportions of animal- 
protein supplements that are needed in 
poultry rations for optimum results. 13 

The example rations in Appendix 
Table VII indicate the percentages of 
feeds of animal origin commonly recom- 
mended in poultry mashes. For the best 
results, starting mashes for chicks should 
generally have at least 5 to 7 per cent of 
animal-protein supplements. Complete 
mashes for growing chickens and laying 
hens should contain not less than 3 to 4 
per cent of animal-protein supplements; 


mashes to be fed with grain to growing 
chickens and laying hens, 5 to 7 per cent; 
and breeding mashes to be fed with 
grain to hens producing hatching eggs, 7 
to 10 per cent. 14 

It should be remembered that these 
are the minimum percentages of animal- 
protein supplements recommended for 
optimum results. When there is a plenti- 
ful supply of feeds of animal origin >and 
the prices are not unduly high, somewhat 
larger proportions of these feeds are de- 
sirable in poultry rations. 

1502. Amino acid requirements. — 
The approximate percentage of each of 
the essential amino acids required in ra- 
tions for chicks has been determined by 
adding definite amounts of the particular 
pure amino acid to a diet low in this 
amino acid. Similar data have been se- 
cured for a few amino acids in experi- 
ments with laying hens. The require- 
ments for chicks and for layers are shown 
in the following table. The information 
concerning the amino acid requirements 
of turkey poults is summarized in Chap- 
ter XXXVII. 

The data in this table are mainly 
the requirements stated in the report of 
the committee of the National Research 


Essential amino acid requirements 

Arginine 

Glycine 1 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine . 


Starting 
chicks 
Per cent 
of ration 


Laying 
hens 
Per cent 
of ration 


Methionine , 2 plus 
Cystine 

Phenylalanine . . . 


Phenylalanine , 3 plus 
Tyrosine 

Threonine 

Tryptophan 

Valine 


1 The chick can synthesize glycine, but not at 

a rate sufficient for maximum growth. Gly- 
cine can be replaced by serine and par- 
tially by arginine. 

2 Cystine will replace part of the methionine. 


as long as the ration contains not less than 
the percentages of methionine shown. 

* Tyrosine will replace part of the phenylala- 
nine, as long as the ration contains not 
less than 0.9 per cent phenylalanine. 
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Council, which has been mentioned pre- 
viously. 8 Where more recent experiments 
have provided further information, 
changes have been made by the author 
in the requirements for certain amino 
acids. 15 

It should be borne in mind that this 
table shows the percentages of the amino 
acids needed in the entire ration. When 
chickens are fed both a mash and grain 
separately, the mash must supply suffi- 
cient of the essential amino acids to cor- 
rect the deficiencies in the protein of the 
grain, and provide the proper amounts 
in the entire ration. 

The numerous investigations on the 
amino acid requirements of chicks have 
shown that the only amino acids which 
may be deficient in practical, well-bal- 
anced rations are methionine, tryptophan 
and lysine. Since hens apparently need 
smaller percentages of the essential 
amino acids than do chicks, it is not 
likely that there will be a deficiency, 
even of these amino acids, in rations 
that are otherwise satisfactory for 
layers. 10 

1503. Correcting amino acid defi- 
ciencies. — Appendix Tables Villa and 
VILIb give the approximate percentages 
in important feeds of the essential amino 
acids, and also of cystine, which can par- 
tially replace methionine. Table Villa 
states the percentages of the amino acids 
in the various feeds, while Table VUIb 
states the percentages of the different 
amino acids there are in the protein of 
the particular feed. 

Since feeds differ very widely in 
protein content, the latter table best 
shows whether the protein of a given 
feed is a good source of any amino acid, 
or whether it is low in it. 

By the use of Table Villa, a for- 
mula feed manufacturer can determine 
whether or not a particular mash formula 
will provide sufficient percentages of the 
essential amino acids. It must be remem- 
bered that data concerning the minimum 
requirements of the different amino acids 
are still limited, and that various lots of 
the same kind of feed apparently differ 
considerably in content of the important 
amino acids. 

If a certain mash formula seems to 
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be deficient in lysine, tryptophan, or 
methionine, then the formula should be 
modified to correct the lack. This can be 
done by including in the mash a sufficient 
amount of a feed that is rich in the par- 
ticular amino acid which is in short sup- 
ply. 

As has been pointed out previously, 
methionine is the only pure essential 
amino acid which is at present available 
at a price that makes its use feasible in 
practical rations. In addition to pure 
methionine, certain related compounds, 
called methionine analogues, are avail- 
able commercially. These can be used in- 
stead of methionine, because they can be 
converted into methionine within the 
body. 

The following examples show how 
an amino deficiency can be corrected by 
the use of a feed rich in the particular 
amino acid. The protein in all of the 
cereal grains is low in lysine. Corn, milo, 
and barley are especially deficient. To 
correct this lack, a protein supplement 
rich in lysine must be included in the ra- 
tion. 

Peanut oil meal or degossypolized 
cottonseed meal does not provide suffi- 
cient lysine to correct the deficiency, if 
either of these feeds is used as the only 
or the chief protein supplement to corn 
or other grain. 17 The lack can be reme- 
died by using soybean oil meal, meat 
scrap, tankage, fish meal, dried skimmilk, 
or brewers" dried yeast to furnish enough 
of the protein in the ration. 

A combination of corn supplemented 
entirely by meat scrap or tankage may be 
a little deficient in tryptophan. 18 Soybean 
oil meal, fish meal, degossypolized cot- 
tonseed meal, dried skimmilk, sesame oil 
meal, and distillers dried solubles all have 
more than twice as much tryptophan per 
pound of protein as does meat scrap or 
tankage. (Appendix Table VUIb.) There- 
fore, the tryptophan lack can be cor- 
rected by including sufficient of one or 
mare of these feeds in the mash. Alfalfa 
meal and wheat standard middlings also 
have a good content of tryptophan. How- 
ever, because of their fiber content and 
bulk, only a small percentage of these 
feeds can be included in a chick 
mash. 
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There is commonly no lack of leu- 
cine in poultry rations. However, it has 
recently been reported that when all the 
grain in a ration for laying hens is wheat 
or barley, there may be a lack of this 
amino acid. 19 Corn and milo have more 
leucine than do wheat and barley. Corn 
gluten meal, sorghum gluten meal, fish 
meal, meat scrap, and tankage are rich in 
it, and cottonseed meal, distillers solubles, 
and dried skimmilk are good sources. 

The manner in which the deficien- 
cies in the protein in each of two feeds 
can be corrected when they are com- 
bined properly, is shown by the data in 
Appendix Table VUIb for corn gluten 
meal and for soybean oil meal. Com 
gluten meal protein is low in lysine, but 
it has considerably more methionine than 
does soybean oil meal. On the other 
hand, soybean oil meal protein has a good 
content of lysine and tryptophan, but is 
rather low in methionine. When these 
two feeds are combined, the amino acid 
deficiencies of each are corrected. 

1504. Methionine supplementation. 
— Rations for chicks in which soybean 
oil meal, peanut oil meal, or degossy- 
polized cottonseed meal is used as the 
only or the chief protein supplement may 
not supply quite enough methionine for 
the most efficient gains. This is of par- 
ticular importance in large-scale broiler 
production. 

Only a few feeds supply more 
methionine than do these protein supple- 
ments. Fish meal commonly has more 
than twice as much, and sesame oil meal 
and well-hulled sunflower-seed oil meal 
are good sources of methionine. There is 
as yet much less information concerning 
the content in feeds of cystine, which can 
partially replace methionine. 

Because of the few natural feeds 
that have a liberal amount of methionine, 
many experiments have been conducted 
recently, usually with broilers, to deter- 
mine the effects of adding pure methio- 
nine to the ration. While the results of 
the trials have differed decidedly, in the 
majority of the tests conducted by the 
experiment stations, the amount of feed 
required per pound of gain has been ap- 
preciably reduced by the methionine sup- 


plement. 20 In many trials this has oc- 
curred even when the rate of gain has 
not been increased. 

Whether there will be sufficient im- 
provement in feed efficiency to cover the 
cost of the added methionine will de- 
pend chiefly on the amount in the ration 
of fish meal or other good sources of the 
amino acid. * 

Usually only 0.5 to 1.0 lb. of methi- * 
onine is added per ton of mash. A methi- 
onine analogue should be used as di- 
rected by the manufacturer. More than 
the recommended amount of methionine 
supplement may be definitely detrimen- 
tal. 

1505. Fat. — Experiments in which 
chicks have been fed rations in which all 
the fat has been removed have shown 
that they may require very small traces of 
the highly unsaturated fatty acids dis- 
cussed in Chapter V. 21 (133) On the 
other hand, if hens need these fatty acids, 
they can apparently synthesize the neces- 
sary amounts in their bodies. 22 

Any practical poultry ration fur- 
nishes sufficient fat and enough of these 
unsaturated fatty acids for good results. 
Therefore, in feeding standards for poul- 
try, it is not necessary to state any mini- 
mum requirement of fat. 

In several trials the effects have 
been studied of feeding rations in which 
most of the fat has been extracted experi- 
mentally. Chicks made normal growth 
in Indiana experiments on a ration con- 
taining only 1 per cent fat, and in New 
Jersey studies the growth was nearly as 
rapid on a ration having only 0.1 per 
cent fat as on a normal ration. 23 In a 
Louisiana trial the growth of chicks was 
somewhat slower on a ration containing 
practically no fat, but the effect was 
overcome during later growth. 24 On a 
low-fat ration the body fat is harder than 
normal, since practically none of it comes 
from the feeds and nearly all is made 
from the carbohydrates. (276) 

In New Jersey experiments with lay- 
ing hens, reducing the fat content of the 
ration to 1.6 per cent had no unfavorable 
effect on egg production, fertility, hatch- 
ability of eggs, or mortality. 25 However, 
when a ration was fed which had prac- 
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tically no fat (containing only 0.07 per 
cent fat) the utilization of carotene was 
greatly decreased. The absorption of vi- 
tamin A was not reduced, but much less 
of the vitamin was stored in the liver 
than on a normal ration. These effects 
are probably due to the fact that caro- 
tene and vitamin A are both soluble in 
fat. 

In an Arizona experiment, egg pro- 
duction was nearly normal on a ration 
having only 0.8 per cent fat. 26 However, 
in a Louisiana trial a ration having prac- 
tically no fat decreased egg production 
and lowered hatchability. 27 

1506. Addition of fat to rations. — 
The addition of by-product animal fat to 
livestock rations has been previously dis- 
cussed in general. (134) Because of the 
surplus of such greases and tallows dur- 
ing recent years, the prices of these fats 
have fallen to levels that have made their 
addition to formula feeds practicable. 
Several experiments have therefore been 
conducted to find the effects of adding 
such fats to poultry mashes. 

The fat addition increases the en- 
ergy value of a ration, and consequently 
the birds generally eat a somewhat 
smaller weight of feed. It is therefore im- 
portant to have in the mash enough pro- 
tein, vitamins, and minerals to offset this 
lower feed consumption. Also, a fat 
should be used to which an effective 
antioxidant has been added, to prevent 
rancidity and vitamin destruction. Hy- 
drogenated fat with a very high melting 
point is not utilized well by poultry. 

In the experiments with broilers and 
other chicks, adding up to 8 or perhaps 
10 per cent of by-product grease or tal- 
low to a good mash has increased the 
feed efficiency in most cases. 28 Adding a 
greater percentage may be less desirable. 
Also, mash having as much as 12 per 
cent of added fat may tend to cake in 
cold weather. The effect of the fat addi- 
tion on rate of gain has differed, and in 
some cases the gain has not been in- 
creased. 

In these experiments the added fat 
has generally had a somewhat higher 
value per pound than would be expected 
from its energy value. This is commonly 


estimated at 2.25 times the energy value 
of a pound of starch. 

The addition of fat to the ration 
during the finishing period for broilers 
may be especially advantageous, because 
it tends to increase the fleshing and the 
fat content of the meat. 

In a New York trial with laying 
hens, the addition of 2.5 or 5 per cent 
tallow to a high-energy ration did not 
significantly increase egg production in 
fall, spring, or summer, 29 On the other 
hand, the fat addition consistently in- 
creased egg yield in winter. 

The addition of fat appreciably de- 
creased the weight of feed required per 
dozen eggs, the decrease being approxi- 
mately 2 per cent for each per cent of 
added fat. The added fat had a higher 
value than the usual estimated net-en- 
ergy value. 

1507. Minerals. — The requirements 
of poultry for calcium and phosphorus 
are greater than those of the larger farm 
animals. Special consideration must there- 
fore be given to the amounts of these 
minerals in making up poultry rations. 
Salt should be provided for poultry, but 
the requirement is relatively low. 

While it is not generally necessary 
to give any consideration to manganese 
in feeding other livestock, a very small 
amount of manganese supplement must 
often be added to poultry rations to pre- 
vent serious nutritive deficiencies. In io- 
dine-deficient areas, it is advisable to use 
iodized salt for poultry, instead of or- 
dinary salt, or to include in the ration 
some feed that serves as an iodine sup- 
plement. The requirements for these and 
other minerals and also the use of grit 
and of charcoal in poultry rations are 
discussed in the following articles. 

1508. Calcium. — Poultry need a 
much higher content of calcium in their 
rations than do other .farm animals. 13 
Laying birds need especially large 
amounts, because egg shells are com- 
posed almost entirely of calcium car- 
bonate. The calcium requirement for 
chicks and growing poultry is also high 
because of their rapid growth. 

It will be noted that in the nutrient 
requirements stated by the committee of 
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the National Research Council, 2.25 per 
cent of calcium is recommended in ra- 
tions for laying hens and 1.0 per cent in 
rations for chicks. (1498) Rations for 
growing turkeys should have about 2.0 
per cent of calcium. ( 1586 ) These rec- 
ommendations are based on numerous 
experiments that have been conducted to 
find the optimum calcium content of 
poultry rations. 

For laying hens, a common plan is 
to include in the mash only enough cal- 
cium supplement to provide part of the 
requirement, and to let the hens have 
access at all times to oyster shell or lime- 
stone grit fed separately. When both 
mash and grain are fed, from 1.0 to 2.5 
per cent of ground limestone or other 
calcium supplement is generally included 
in the mash. Even 2.5 per cent will sup- 
ply less than one-half of the requirement, 
as high-calcium limestone contains ap- 
proximately 38 per cent of calcium. 

For poultry there should be a suit- 
able proportion, or ratio, between the 
amounts of calcium and of phosphorus 
in the ration. This proportion is called 
the calcium-phosphorus ratio. (152) For 
chicks, it seems most desirable to have 
about 1.5 times as much calcium in the 
ration as there is of phosphorus. 30 The 
calcium-phosphorus ratio is then 1.5 : 1. 
However rations ranging from 1.0 : 1 to 
2.5 : 1 have been used in chick rations 
without decidedly detrimental results. 

Laying hens require a much larger 
proportion of calcium, because of the 
great amount in the egg shells. It will be 
noted that in the table of “Nutrient al- 
lowances for chickens,” for laying hens 
more than 3 times as much calcium is ad- 
vised as of phosphorus. ( 1498 ) 

The great need for calcium in egg 
production is well shown by a study in 
Scotland. 31 It was found that at the out- 
set of laying, a pullet's body contains 
25 to 30 grams of calcium. Each egg, in- 
cluding the shell, has about 2 grams. 
Thus, in producing 200 eggs, the pullet 
must have available more than 13 times 
as much calcium as there was in her 
body when she started laying. 

A decided deficiency of calcium in 
poultry rations produces serious results. 


The egg production of hens is greatly re-1 
duced, and many of the eggs have weattj 
shells. For example, in an Ohio expert, 
ment the percentage egg production oF 
pullets fell from a daily average of 4|f; 
per cent to 20 per cent in 2 weeks whitfi 
they were fed no calcium supplement 3 || 
During the entire 46 weeks of the trial;^ 
these pullets laid only one-half as many 
eggs as did pullets receiving ample ^cal- 
cium. Also, 76 per cent of their eggs had 
weak shells. 

It was found in South Carolina in- 
vestigations that even when the ration 
had an ample amount of calcium, hens 
steadily lost calcium from their bodies 
during the first few weeks after they 
started to lay. 33 As much as 25 pjjScent 
of the entire amount of calcium their 
bodies may thus be lost in 6 weekMLater 
the hens are able to utilize the cpcium 
in their feed more efficiently, and to re- 
gain the calcium store in their bodies 
without slackening egg production. 

An excessive amount of a calcium 
supplement should not be included in a 
poultry mash. A considerable excess of 
calcium interferes with the utilization of 
manganese, and it may reduce egg pro- 
duction and lower the hatchability of 
the eggs. 34 When the usual percentage 
of calcium supplements is included in the 
mash and hens are provided with oyster 
shell or limestone grit in addition, there 
is no danger of their eating an excessive 
amount of it. 

The calcium supplements used most 
commonly for poultry are high-calcium 
limestone and oyster or clam shell. Oys- 
ter shell is preferred by many poultry- 
men, but experiments have shown that 
high-calcium limestone is equally satis- 
factory, except perhaps in regions where 
there is a deficiency of iodine. 35 In such 
areas the iodine furnished by oyster shell 
may be beneficial, but iodine can also be 
supplied readily by using iodized salt in- 
stead of common salt. Dolomitic lime- 
stone, which is high in magnesium car- 
bonate, is not satisfactory for poultry. 
Other suitable calcium supplements are 
listed in Chapter VI. (157) The calcium 
in bone meal, defluorinated phosphate, 
or gypsum (calcium sulfate) can be used 
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efficiently for growth, but is definitely in- 
ferior to calcium carbonate for egg pro- 
duction. 

$ Interesting experiments have been 
jbnducted recently with radioactive cal- 
S%m and phosphorus to study the assimi- 
kiion of these minerals and their trans- 
ference to the egg and from the egg to 
the chick. 36 

*1509. Phosphorus. — It is shown in 
the table of “Nutrient allowances of 
chickens” earlier in this chapter that ra- 
tions containing 0.6 per cent total phos- 
phorus are advised for chicks, growing 
chickens, and hens. (1498) In recent ex- 
periments somewhat less phosphorus has 
beem satisfactory for growing chickens 
and lor hens, when there was a proper 
calcidp-phosphorus ratio and an ample 
amoiMi of vitamin D. 37 

•Ipor chicks, the greater part of the 
phosphorus should be in inorganic form, 
because they do not well assimilate phos- 
phorus in the form of phytin. (151) As 
stated in the footnote following the table, 
in a ration for chicks there should be at 
least 0.45 per cent of inorganic phos- 
phorus. 

As much as three-fourths of the 
phosphorus in the grains and the by- 
products of grains and other seeds may 
be phytin phosphorus. It is therefore im- 
portant that part of the phosphorus be 
supplied in readily available forms. 

Older chickens make somewhat bet- 
ter use of phytin phosphorus than do 
chicks, but a part of the phosphorus in 
rations for growing chickens and for hens 
should be in inorganic form. 38 However, 
the percentage of inorganic phosphorus 
they need has not been definitely deter- 
mined. 

As stated in Chapter VI, there is 
less difference in assimilation of phytin 
phosphorus when there is an abundant 
supply of vitamin D in the ration. Also, 
the assimilation of phytin phosphorus 
may be improved when the ration con- 
tains natural, unheated roughages, such 
as green forage or sun-cured alfalfa meal. 
Such roughage contains an enzyme which 
can split phosphorus off from the phytin. 

The phosphorus in meat scrap, tank- 
age, fish meal, and dairy by-products is 


largely in inorganic form and is readily 
available to poultry. 

When meat scrap, tankage, fish 
meal, and dairy by-products are used 
as the chief protein supplements in poul- 
try rations, there will usually be suffi- 
cient phosphorus, without the addition of 
any special phosphorus supplement. On 
the other hand, if soybean oil meal or 
other protein supplements of plant origin 
furnish most of the protein, it will be 
necessary to add phosphorus, as well as 
calcium. 

Some years ago bone meal was often 
added to chick mashes in which meat 
scrap, tankage, or fish meal was the chief 
or only protein supplement. Experiments 
proved, however, that the addition of a 
phosphorus supplement to such a ration 
was decidedly detrimental. Because of 
the excessive amounts of phosphorus and 
calcium, the manganese in the ration 
was rendered unavailable, and perosis, 
or slipped tendon, was produced. 

Information is given in Chapter VI 
concerning the value of various phos- 
phorus supplements, and about the in- 
jurious effects produced by rock phos- 
phate or other phosphates that contain 
a dangerous amount of fluorine. (158- 
169) 

Properly made bone meal is an ex- 
cellent phosphorus supplement for poul- 
try. In experiments to compare various 
sources of phosphorus, defluorinated 
phosphates and dicalcium phosphate 
have also ranked high in availability. 89 
When used as the only phosphorus sup- 
plement, ground rock phosphate or col- 
loidal phosphate (soft phosphate with 
colloidal clay) has been poorly utilized 
in some experiments. Colloidal phosphate 
may give better results when used in 
combination with bone meal. 

1510. Salt. — Salt is needed by poul- 
try, but the requirement is relatively 
small. In the report of the committee of 
the National Research Council on the 
nutrient requirements of chickens, the 
addition of 0.5 per cent of salt to rations 
for chickens was recommended. (1498) 

However, New York experiments 
with chicks have shown that the addi- 
tion of only 0.25 per cent salt to an or- 
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dinary ration for chicks was sufficient. 40 heavy breeds apparently require more 
Including 0.5 per cent of salt tended to manganese than do White Leghorns, 
make the droppings moist. A range of Only mere traces of manganese are 

0.25 to 0.5 per cent in added salt is needed in rations to prevent any deficien- 
therefore given in the table presented cies. It will be noted in the table of “Nu- 
earlier in this chapter. trient requirements of chickens ” on a 

If hens or growing chickens are fed previous page of this chapter, that only 
scratch grain and mash separately, the 25 milligrams of manganese are needed 
mash should contain about 1 per cent of per pound of feed in starting rations for 
salt. When meat scrap, tankage, or fish chicks and 15 milligrams per pound of 
meal is used as the chief protein supple- feed in rations for breeding hens. ( 1498 ) 
ment, only 0.5 per cent of salt need be These allowances are equivalent to 55 
added to the mash, because these feeds parts and 33 parts of manganese per mil- 
contain more salt than do the grains or lion parts of feed. 

the by-products of grains and other seeds. It has been pointed out previously 

Too great an amount of salt is in- that when a ration is high in calcium and 
jurious to poultry. In a Pennsylvania trial phosphorus, the supply of manganese 
adding 5 per cent of salt to a ration for must be greater than otherwise, because 
chicks caused high mortality, and in a the assimilation of manganese is reduced. 
North Dakota test a ration having 4 per This is apparently because of the forma- 
cent was detrimental to turkey poults. 41 tion of compounds in which the manga- 
In this test rations with 6 per cent or nese is unavailable. It is believed that 
more of salt caused heavy death loss. these recommended allowances are 
1511. Manganese; prevention of ample, even when there is a liberal sup- 
perosis, or slipped tendon. — It has been pty of calcium and phosphorus in the ra- 
shown in Chapter VI that poultry have tlon - 

special needs for manganese. (180) A A deficiency of manganese is not 

deficiency of manganese is the chief a pt to occur when there is considerable 
cause of perosis, or slipped tendon, in wheat bran or wheat middlings in the 
chicks, in which the legs are deformed ration, for they have a good content of 
by the slipping of the Achilles" tendon the mineral. Rice bran is very high in 
from the proper position. Usually only manganese, and fish meal, soybean oil 
one leg is affected, but sometimes both nieal, and alfalfa meal have much more 
are deformed. The deficiency also causes than do com, barley and the grain sor- 
a shortening and thickening of the long ghums. 

bones of the legs and wings. To guard against a possible defi- 

Perosis may also be caused by a ciency of manganese, one-quarter pound 
deficiency in experimental rations of cer- °f manganese sulfate is now generally 
tain B-complex vitamins — choline, biotin, added to each ton of formula mash to be 

or folic acid. fed without additional grain, and one- 

Manganese is needed for egg pro- half pound per ton to mashes to be fed 

duction and good hatchability. Experi- with grain. 

ments have shown that if hens are fed a 1512. Iodine.— In areas deficient in 

ration deficient in manganese, egg pro- iodine, goiter (enlarged thyroid gland) 

duction is decreased, the strength of the may occur in poultry, but egg produc- 

egg shells is lowered, and the hatchabil- tion and health of the fowls are not gen- 

ity of the eggs is greatly reduced. 13 Many erally affected appreciably. (170) How- 

chicks that fail to hatch are characteris- ever, in such areas, it is wise to use 

tically deformed, with parrot-like beaks iodized salt instead of common salt for 

and short legs and wings. poultry, or to include in the ration a feed 

Deficiencies of manganese are most such as fish meal, - that serves as an io- 

apt to occur in poultry kept in strict con- dine supplement. 

finement, with no access to pasture or It will be noted that in the table of 

sunlight. Plymouth Rocks and other “ Nutrient requirements of chickens w an 

m 
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allowance of 0.5 milligram of iodine per Because of the small amount of hard grit 
pound of feed is recommended. (1498) consumed, the addition resulted in a ma- 
This is only 1.1 parts of iodine per mil- terial saving in the cost of egg produc- 
Jion parts of feed. In recent experiments tion. If an all-mash ration is fed layers, 
by die Indiana Station a very much grit may not be necessary. Screened 

smaller trace of iodine (only 0.07 part gravel of suitable size is a satisfactory 

per million parts of feed) produced nor- form of grit. 

mal growth of chicks. 42 Experiments have shown that there 

Several experiments have been con- is little or no advantage in supplying grit 

ducted in this country and in Europe to for chicks up to 4 to 8 weeks of age 

find whether there was any advantage in when they are fed the usual type of 
adding iodine to ordinary poultry rations ground mash. 45 After that, there was 
in other regions than those known to be some benefit from supplying grit, espe- 
deficient in iodine. Ewing concludes from dally if the mash was coarsely ground, 
a review of such experiments that in the and it was desirable to supply hard grit 
experiments conducted in this country in addition to limestone grit or oyster 
there has been no evidence of a benefit shell. 

to poultry from such an addition of io- 1515. Charcoal.— Years ago it was 

dine and that m European experiments a common practice t0 add charcoal to 
the data have been conflicting .« Feed- ouIt rations as an absorbent of gases 
ing a ration high m iodine definitely in- and a corrective of diarrhea. Experi- 
creases the iodine content of eggs. ments ha ve shown, however, that there 

1513. Other minerals. — The re- is no advantage from adding it to ordi- 
quirements of chicks for potassium and nary rations. 13 

magnesium are stated in the table of In fact, because of the absorptive 

“Nutrient requirements of chickens ” and adsorptive power of charcoal, add- 
(1498) However, there is no lack of ing it to a ration may produce a vitamin 
either of these minerals in ordinary poul- deficiency, unless the ration contains a 
try rations. Neither does there seem to be very abundant supply of vitamins. (182) 
a deficiency of cobalt, iron, copper, or Also, because of this effect, charcoal 
sulfur in practical poultry rations. tends to absorb xanthophyll and other 

It is pointed out later that recent yellow pigments in the feed, and to pro- 
experiments have shown that one of the duce pale shanks and skin. 

unidentified factors required by chicks is 1516. Vitamins. Except for poul- 

an unrevealed trace mineral or a com- tl y w hich are on good pasture or which 
bination of such minerals. ( 1528 ) are £ ec j plenty of fresh green forage, it 

1514. Grit. — Grit aids in the grind- it necessary to give much more attention 
ing of whole grain or other coarse feed to their vitamin requirements than in 
in the gizzard. Also, crushed oyster shell feeding cattle, sheep, or horses. This is 
or limestone grit furnishes calcium as it due to four factors. 

dissolves. Some limestone is too soft to First, rations for poultry consist 

be an effective grinding agent. Insoluble chiefly of grains and other concentrates, 
grit, such as granite or quartz grit, serves with very little roughage. Second, there 
as grinding material, but not as a cal- is but little synthesis of B-complex vita- 
cium supplement. mins in the digestive tract of poultry. 

Experiments have shown that grit Third, the vitamin requirements of poul- 
should be supplied laying hens, and that try, especially for vitamin A, vitamin D, 
it is best to furnish hard grit in addition and riboflavin, are much greater, per 
to limestone grit or oyster shell. In Ohio pound of live weight, than those of other 
experiments, supplying layers with hard farm animals. Fourth, in addition to the 
grit in addition to limestone grit or oys- vitamins which have been identified, 
ter shell increased the egg production poultry require certain unidentified vita- 
9.6 per cent and reduced the feed re- mins or factors. 

quirement per dozen eggs 7.1 per cent. 44 The requirements of poultry for the 
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various vitamins and for the unidentified 
vitamins or factors are discussed in the 
articles which follow. 

1517. Vitamin A and carotene. — A 
liberal supply of vitamin A or carotene 
is needed for normal growth, also for 
health, even of mature fowls, and for sat- 
isfactory egg production. Poultry are 
about equal to rats in the efficiency with 
which they utilize carotene as a source of 
vitamin A. One U.S.P. Unit (United 
States Pharmacopoeia Unit) supplied in 
the form of carotene therefore has ap- 
proximately the same value as an I.U. 
supplied in the form of vitamin A. ( 194 ) 
As has been pointed out previously, other 
farm animals use carotene less efficiently 
than they do vitamin A. 

A part of the vitamin A value in 
poultry rations is often supplied by fish 
liver oils or other animal sources that 
furnish true vitamin A. For this reason 
and also because of the approximately 
equal value of an International Unit in 
the form of vitamin A and of carotene, 
the requirements of poultry are generally 
stated in terms of International Units of 
vitamin A value. On the other hand, the 
requirements of other livestock are com- 
monly given in milligrams of carotene, 
since carotene usually furnishes all the 
vitamin A value in their rations. 

It will be noted in the table of 
" Nutrient requirements of chickens ” that 
the committee of the National Research 
Council gives the vitamin A requirement 
of chicks and growing chickens as 1,200 
U.S.P. Units per pound of feed. (1498) 
The requirement of laying hens and of 
hens producing hatching eggs is given as 
2,000 U.S.P. Units per pound of feed. 

It is important to bear in mind that 
in this revised statement of requirements 
by the committee no margins of safety 
are included, to cover losses of vitamin 
value during feed processing and stor- 
age and to cover variations in vitamin A 
content of various lots of the same kind 
of feed. In making up poultry mashes, it 
is necessary to provide a considerably 
higher initial vitamin A content, to make 
up for the considerable loss of the vita- 
min A value that may occur in storage 
of feed. ( 195 ) This loss is much reduced 



by including an approved antioxidant in 
the mash. 

In the previous report of the com- 
mittee of the National Research Council, 
instead of stating the minimum require- 
ments, recommended allowances were 
given, which included considerable mar- 
gins of safety. In that report, allowances 
of 2,000 U.S.P. Units of vitamin A value 
per pound of feed were recommended 
for starting and growing chicks, and 
3,300 U.S.P. Units per pound of feed for 
hens. These allowances seem to provide 
a sufficient margin of safety in making up 
practical rations. Roosters apparently 
need much less vitamin A value than do 
layers. 

Numerous experiments have been 
conducted to determine the minimum or 
the optimum amounts of vitamin A value 
for chicks, growing chickens, and for lay- 
ing hens. 13 In these studies a vitamin A 
content somewhat lower than the re- 
quirements now stated by the committee 
has generally been satisfactory, except 
for hens producing hatching eggs. For 
example, the actual requirement of chicks 
to 8 weeks of age has been only 500 to 
800 U.S.P. Units of vitamin A value per 
pound of feed. 

Laying hens require a higher con- 
tent of vitamin A value in their feed in 
very hot weather than when it is cooler. 46 
This is chiefly because they then con- 
sume less feed. 

It is especially important to have an 
ample supply of vitamin A in the rations 
of breeding hens, because the amount of 
vitamin A in eggs depends on the vita- 
min A value of the ration. If the hens 
are supplied with only a sufficient amount 
for satisfactory market egg production, 
the vitamin A content of the eggs may 
not be great enough to provide an opti- 
mum supply for the developing chicks. 
For this reason, some investigators rec- 
ommend a more liberal supply for breed- 
ing hens than is needed for the produc- 
tion of market eggs. 

From the standpoint of the con- 
sumer, rations haying an ample supply 
of vitamin A are highly desirable for all 
laying hens, because of the higher vita- 
min content of the eggs. 
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If poultry are on pasture or are sup- the carotene that is assimilated by poul- 
plied with fresh green feed, they will try is converted in the body to vitamin 
have an abundance of vitamin A, be- A, which has but very little yellow color, 
cause of the high carotene content of Carrots and sweet potatoes, which are 
green forage. (196) When they get no rich in carotene but which have rela- 
fresh green feed, care must always be tively little xanthophyll, do not there- 
taken to provide sufficient vitamin A fore have a marked effect on the color 
value. of egg yolks or body tissues. 

To insure an adequate supply of vi- The condition in poultry is therefore 

tamin A, a sufficient amount of carotene much different from that in cattle, in 
or vitamin A supplement should be in- which yellow color in body fat or in milk 
eluded in poultry mashes. Alfalfa meal is due to unchanged carotene assimilated 
of good quality not only supplies caro- from the feed, and not to xanthophyll. 
tene, but it also furnishes vitamin K and Experiments have shown that a 

it helps furnish B -complex vitamins, in- marked yellow color in egg yolks and 
eluding one of the unidentified vitamins, body tissues is produced by green feeds, 
( 1228 ) by good alfalfa hay or other legume hay, 

Synthetic vitamin A is now the and by yellow corn and by-products 
cheapest source of vitamin A for formula made from yellow com, such as corn 
feed manufacturers, but it does not sup- gluten meal, corn gluten feed, and horn- 
ply the other vitamins furnished by iny feed. The other grains and the other 
alfalfa meal. Fish liver oils and concen- common concentrates which are not 
trates commonly furnish not only vita- made from yellow corn tend to produce 
min A, but also vitamin D 3 . light-colored yolks and body tissues. Yel- 

When chicks are fed a ration se- low pigmentation is decreased by cod- 
verely deficient in vitamin A, symptoms liver oil and certain other fish oils, and 
of the lack will begin to appear in about also by meat scrap, fish meal, soybean 
3 weeks. Growth is greatly retarded, and oil meal, charcoal, or sulfur in the ra- 
the chicks show general weakness, ema- tion. 

ciation, staggering gait, and ruffled plum- Because of the difference in the ef- 

age. The eyes also become watery and feet of various feeds, it is possible to reg- 
inflamed. The resistance to infection is ulate the color of egg yolks and of the 
reduced and mortality is greatly in- shanks and skin of market poultry to suit 
creased. In older birds the eye symptoms the local demands, which vary in dif- 
often become more acute, and in ad- ferent regions. For example, light-colored 
vanced stages the sight may be destroyed, yolks are preferred in the New York 
A deficiency of vitamin A often causes City market. Though alfalfa meal tends 
symptoms resembling roup, the trouble to produce a yellower color in egg yolks, 
being called “nutritional roup.” In this the yolks are not too yellow, if not over 
there is a sticky or cheesy discharge from 5 per cent of alfalfa meal is used in the 
the eyes and a sticky discharge from the laying mash. 

nostrils. Certain feeds produce an undesir- 

1518. Effect of feed on color of egg able color in egg yolks. If a ration for 
yolks and body tissues.— Certain yellow laying hens has more than about 5 per 
substances which are transferred from the cent of ordinary cottonseed meal, the 
feed greatly affect the color of egg yolks yolks are apt to develop an olive-green 
and of the shanks, beaks, skin and body or brown color on storage, or to have 
fat of poultry. The effect is chiefly pro- dark spots. (819) A greater amount of 
duced by xanthophylls, which are some- low-gossypol cottonseed meal can be in- 
what similar to carotene, but which have eluded in a ration without producing this 
no vitamin A value. (197) discoloration. Also, adding 0.5 per cent 

Xanthophyll is transferred to egg of an iron salt to the feed seems to pre- 
yolks and to body tissues to a much vent it. (812) Shepherd’s purse and 
greater extent than is carotene. Most of penny cress, weeds which are members 
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of the mustard family, tend to produce 
olive-green yolks. 

1519. Vitamin D; sunlight. — Poul- 
try need much greater amounts of vita- 
min D than do the larger farm animals, 
per pound of liveweight or per pound of 
feed consumed. A deficiency of vitamin 
D causes poor growth, lameness, and 
other characteristic symptoms of rickets 
in chicks. (153) The first symptom of 
vitamin D deficiency in laying hens is the 
production of thin-shelled eggs, followed 


On the other hand, vitamin D s , which S 
the form in fish liver oils and in activated 
animal sterol, is equally effective for 
poultry and for other animals. 

Sufficient exposure to the ultra-violet 
rays of sunlight which has not passed 
through window glass is effective in 
meeting the vitamin D requirements of 
poultry, just as in the case of other live- 
stock. (201) When poultry do not have 
ample exposure to direct sunlight, it is 
essential to include a vitamin D supple- 



The thrifty chicks in the upper illustration were raised in confinement, but cod-liver oil 
was included in the ration to furnish vitamin D. The chicks in the lower illustration received 
no cod-liver oil. They grew poorly, and many are severely affected with rickets. Some are 
paralyzed. (From Heuser and Norris, New York Station.) 


Effect of Lack of Vitamin D on Chicks 


very shortly by decreased egg produc- 
tion. Hatchability is also greatly reduced. 
In laying hens suffering from vitamin D 
deficiency, the breast bone becomes soft 
and rubbery, because of withdrawal of 
calcium and phosphorus. Also, the bones 
of the legs and wings become fragile and 
are easily broken. Fowls may lose the use 
of their legs and squat in a characteristic 
manner, sometimes called “egg paraly- 
sis.” 

As has been explained in Chapter 
VII, the form of vitamin D in sun-cured 
forage and irradiated yeast, called vita- 
min D 2 , has a very low efficiency for 
poultry, in comparison with the efficiency 
for man or four-footed animals. (202) 


ment in the ration, or possibly to furnish 
the vitamin by irradiating the birds with 
ultra-violet light. 

The vitamin D requirements of poul- 
try are expressed in International Chick 
Units (I.C.U.) of vitamin D 3 . In the 
table of “Nutrient requirements of chick- 
ens 7 given earlier in this chapter, the 
requirement per pound of feed is 90 
I.C.U. for starting chicks and growing 
chickens and 225 I.C.U. for hens. These 
are the estimated minimum requirements 
and do not include any margin of safety. 

Experiments have shown that good 
growth and satisfactory egg production 
are secured on these amounts of vitamin 
D in rations when chickens have no ex- 
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posure to sunlight, provided that there 
are proper amounts of calcium and phos- 
phorus. 13 However, rapid-growing strains 
of chicks seem to need considerably more 
of the vitamin for maximum gains and 
feed efficiency. 47 

Because of this and to provide ample 
margins of safety, in most of the rations 
recommended by the agricultural college 
poultry scientists greater amounts of vita- 
min D are included. 48 In mashes for 
chicks 270 to 300 or more I.C.U. per 
pound of feed are generally advised, and 
in mashes for laying hens, to be fed with 
grain, 500 to 800 I.C.U. per pound of 
mash. 

Vghen hens are fed, free-choice, 
mash and whole grains, especially corn 
or whe;at, they sometimes eat so much 
of the grain that a deficiency of vitamin 
D occurs, unless the mash is well fortified 
twith the vitamin. 49 When egg production 
strops for no other apparent reason, or 
when there are a considerable number 
of weak-shelled eggs, a deficiency of 
vitamin D may be suspected. If the 
trouble is due to this lack, it can be cor- 
rected within 3 weeks by supplying an 
ample amount of vitamin D supple- 
ment. 

To avoid danger of a fishy flavor in 
meat, it is desirable to omit fish oils 
from rations for chickens during at least 
the last 2 weeks before they are sold for 
meat, and for not less than 8 weeks in 
the case of turkeys. 

Instead of using a vitamin D sup- 
plement in rations for confined poultry, 
the vitamin may be supplied by expos- 
ing the birds to irradiation with ultra- 
violet light produced by sunlamps. Ex- 
periments have shown that sufficient ir- 
radiation with such lamps is as effective 
as adding a vitamin D supplement to 
the ration. 50 Which method will be more 
economical will depend largely on the 
local rate for electricity. 

Relatively short exposure to direct 
sunlight may provide enough vitamin D 
for chicks. In Texas trials, only 1 hour 
of direct sunlight per week furnished 
sufficient vitamin D for chicks fed ra- 
tions having ample calcium and phos- 
phorus. 51 


Sometimes glass substitutes which 
permit the passage of more or less ultra- 
violet light are used in poultry houses in- 
stead of window glass. Unless carefully 
handled most such substitutes are short 
lived, and unless they are kept clean and 
taken out in summer they lose their 
effectiveness. 

1520. Riboflavin. — Riboflavin is by 
far the most important of the B-complex 
vitamins in feeding poultry. This is be- 
cause poultry have very high require- 
ments for it. Also, there is not much 
synthesis of riboflavin by bacteria in the 
digestive tract, such as occurs in rumi- 
nants. 

A deficiency of riboflavin causes poor 
growth of chicks and a characteristic 
paralysis of the legs and feet, known as 
“curled toe paralysis,” or “nutritional 
paralysis.” A chick suffering from this 
paralysis is shown in the illustration on 
Page 137. In laying hens a deficiency of 
riboflavin results in low hatchability of 
eggs. Considerably more riboflavin is 
needed for good hatchability than is re- 
quired for egg production and mainte- 
nance of health. 

It will be noted that the table of 
“Nutrient requirements of chickens ' ” gives 
the following requirements of riboflavin 
per pound of ration: For chicks up to 
8 weeks of age, 1.3 milligrams per pound 
of feed; for growing chicks from 8 to 18 
weeks, 0.8 milligram; for laying hens, 
1.0 milligram; and for breeding hens 
producing hatching eggs, 1.7 milligrams. 

( 1498 ) These amounts are the estimated 
minimum requirements and do not in- 
clude any margins of safety. 

The riboflavin content of various 
feeds is discussed in Chapter VII. (212) 
The amounts of riboflavin in all impor- 
tant feeds are shown in Appendix Table 
V, so far as data are available. 

Poultry on good pasture have plenty 
of riboflavin, for all fresh green forage 
has an abundant amount. For poultry not 
on pasture, care must be taken to sup- 
ply enough riboflavin. This may be done 
by using feeds rich in riboflavin, such as 
milk by-products, alfalfa meal, or dis- 
tillers solubles, or by adding to the ration 
a special vitamin supplement, such as 
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certain fermentation by-products or syn- 
thetic riboflavin. 

Experiments have shown that syn- 
thetic riboflavin, which is now produced 
commercially, is just as effective as the 
natural riboflavin in feeds for supplying 
riboflavin. 13 However, synthetic ribofla- 
vin does not furnish other B-complex 
vitamins or unidentified vitamins, which 
are supplied by such feeds as milk by- 
products and alfalfa. For the best results, 
synthetic riboflavin should therefore be 
used in combination with feeds that fur- 
nish ample amounts of these other vita- 
mins. 

1521. Thiamine. — Thiamine is re- 
quired by all poultry, but ample amounts 
are supplied by ordinary rations. A de- 
ficiency of thiamine in restricted rations 
causes loss of appetite, emaciation, poor 
digestion, general weakness, heart ab- 
normalities, and frequently convulsions 
because of nerve degeneration. (211) 

1522. Niacin. — Young chicks re- 
quire more niacin per pound of feed than 
do older chicks or hens. This is appar- 
ently due to some synthesis of niacin by 
bacterial action in the digestive tract of 
older birds. 

The committee of the National Re- 
search Council gives the requirement of 
niacin for chicks up to 8 weeks of age as 
12 milligrams per pound of feed. (1498) 
Most rations for chicks that are otherwise 
satisfactory contain fully as much niacin 
as this. 

In recent Wisconsin studies chicks 
from 6 weeks to 10 weeks of age were 
found to require only 3.5 to 6.0 milli- 
grams of niacin per pound of feed. 52 The 
requirements of older chickens have not 
yet been determined. Since niacin can be 
formed in the body from tryptophan, a 
diet containing ample tryptophan reduces 
the niacin requirement. 

A deficiency of niacin in purified 
experimental diets for chicks causes 
“black tongue,” characterized by inflam- 
mation of the tongue and mouth cavity. 
Also, growth is retarded, feather devel- 
opment is poor, and occasionally scaly 
dermatitis of the feet and skin result. In 
turkey poults and sometimes in chicks, 
an experimental diet deficient in niacin 


causes a hock di; 

1523. Vitan 
essential for the growth of chicks and 
for hatchability of eggs. However, only 
an exceedingly small amount of the vita- 
min is needed. The special committee of 
the National Research Council in their 
report on “Nutrient Requirements of 
Poultry " states the tentative requirement 
of chicks to 8 weeks of age as only 0.004 
milligram of vitamin B 12 per pound of 
feed. 8 The tentative requirement of 
breeding hens producing hatching eggs 
is given as 0.002 milligram per pound of 
feed. 

If hens receive a ration adequate in 
vitamin B 12 , there is a marked carry-over 
of the vitamin in the egg to the chick. 53 
On the other hand, when hens receive a 
ration deficient in vitamin B l2 , it may 
cause high mortality in very young chicks. 

More vitamin B 12 is needed by hen^ 
kept on wire than for hens on litter, be- 
cause the vitamin is synthesized by bac- 
terial action in the feces in the litter. 
Heavy breeds of hens seem to require a 
larger amount of the vitamin than do 
Leghorns. 

It has been pointed out in Chapter 
VII that much of the benefit from adding 
a supplement of animal origin to an all- 
plant-product ration for poultry is due 
to the vitamin B 12 thus supplied. (220) 

Before vitamin B 12 was discovered 
and identified, the term animal protein 
factor was used for the factor or factors 
supplied by such supplements as fish 
meal, fish solubles, meat scrap, tankage, 
and dairy by-products. It is now known 
that these supplements furnish not only 
vitamin B 12 , but also unidentified vita- 
mins or factors, which are discussed 
later. (1528) 

The approximate amounts of vita- 
min B 12 in various feeds are stated in 
Appendix Table Vb, so far as data are 
available. Concentrated vitamin R 12 feed 
supplements and antibiotic-vitamin B 12 
feed supplements are available commer- 
cially, which contain guaranteed amounts 
of vitamin B 12 . 

1524. Other ^-complex vitamins. — 
Pantothenic acid, choline, pyridoxine, 
folic acid (or folacin), and biotin are all 


rder similar to perosi; 
i B 10 . — Vitamin B,„ is 
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required by poultry. These vitamins are 
discussed in some detail in Chapter VII, 
and the effects of a deficiency in experi- 
mental rations are stated. 13 (214-219) 
The amounts of each of these vitamins 
required by young chicks are stated in 
the previous table of “Nutrient require - 
rri&nts of chickens,” (1498) The require- 
ments of hens are also given in this table, 
so far as data are available. 

Fortunately, most poultry rations 
that are adequate in other nutrients fur- 
nish sufficient amounts of each of these 
vitamins. 

Pantothenic acid and choline sup- 
plements are added to some formula 
mash§§ for chicks, for broilers, or for hens 
producing hatching eggs, to make sure 
there will be no possible deficiency of 
these vitamins. As stated in Chapter VII, 
betaine can partially replace choline in 
^the diet. (218) 

1525. Yeast. — Brewers" dried yeast 
and other forms of yeast are rich in ribo- 
flavin and other B-complex vitamins, and 
may be used to supply these vitamins in 
poultry rations. 

In most of the experiments in which 
dry yeast has been added to poultry ra- 
tions containing an ample supply of ribo- 
flavin and other B-complex vitamins, or 
in which such rations have been fer- 
mented with yeast, there has been no 
benefit from the use of yeast. 54 

1526. Vitamin E.— Detailed infor- 
mation is given in Chapter VII concern- 
ing vitamin E, or tocopherols, in live- 
stock feeding. (223) As there stated, a 
lack of vitamin E in experimental rations 
purposely made deficient in the vitamin 
causes the disease called nutritional en- 
cephalomalacia, or ‘*crazy chick disease.” 
The chick suddenly becomes prostrated, 
lying with legs outstretched and toes 
bent. The head is drawn back and often 
twisted to the side. Before the final stage, 
its movements are frequently incoordi- 
nated. 

In mature fowls, a prolonged vita- 
min E deficiency in an experimental ra- 
tion causes lowered hatchability of eggs 
and sterility of males. 

The definite requirements of poultry 
for vitamin E have not yet been deter- 


mined accurately, because most good 
rations seem to supply a sufficient amount 
of the vitamin. According to Titus, the 
requirement of vitamin E by chicks is 
probably not less than 6 milligrams per 
pound of feed, and a satisfactory allow- 
ance is 9 milligrams. 55 

In Connecticut experiments chicks 
fed an experimental ration having only 3 
milligrams of vitamin E per pound made 
good growth and no nutritional enceph- 
alomalacia developed. 56 However, add- 
ing 2 per cent of fish oil to this ration 
as a stress factor produced heavy mor- 
tality from this disease. This was due to 
the destruction of vitamin E by the 
highly unsaturated fats in the fish oil. 

The nutritional encephalomalacia 
was prevented when 0.05 per cent of 
an antioxidant ( diphenyl-p-phenylenedia- 
mine, DPPD) was added to the ration, 
along with the fish oil. This prevented 
the destruction of vitamin E. 

New York studies have shown that 
on a ration low in vitamin E, White Leg- 
horn chicks are more resistant to nutri- 
tional encephalomalacia than are Rhode 
Island Red or Barred Plymouth Rock 
chicks. 57 

Information is given in Chapter VII 
concerning the occurrence of vitamin E 
in different kinds of feeds. ( 223 ) The ap- 
proximate content in various feeds is 
given in Appendix Table Vd, so far as 
data are available. If there has been 
trouble from nutritional encephalomala- 
cia on a practical ration, a feed should 
be added that is rich in vitamin E, or 
else a tocopherol concentrate. DPPD or 
another suitable antioxidant should also 
be included in the mash, to prevent the 
destruction of vitamin E during storage. 

1527. Vitamin K; hemorrhagic dis- 
ease. — The need by chicks for vitamin 
K to preserve the clotting power of the 
blood is discussed in detail in Chapter 
VII. (225) A lack of this vitamin in the 
feed of chicks greatly delays the clotting 
time of the blood and may produce seri- 
ous hemorrhagic disease. Chicks fed a 
ration deficient in vitamin K may bleed 
to death from any injury or bruise which 
causes rupture of blood vessels. In severe 
vitamin K deficiency, hemorrhages may 
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occur in any part of the chick's body, action in the intestine. However, if hem 
These hemorrhagic conditions seem to be or turkeys producing hatching eggs are 
the only symptom of the lack of the vita- continuously fed a ration deficient in 
min. these substances, the chicks or poults 

Although this trouble is readily pro- from their eggs will be depleted in these 

duced in chicks fed an experimental ra- compounds. They will then not make 

tion low in the vitamin, symptoms of normal growth unless their ration has 

deficiency are not caused when hens are ample amounts of these unidentified sub- 
fed the same ration. This is probably stances. 

because more vitamin K is synthesized For this reason, in the investigations 

by bacterial action in the intestine of the to study these mysterious substances, 

older birds. However, if hens are fed a chicks or poults are generally used which 

ration deficient in vitamin K, chicks are from dams that have been fed ra- 

hatched from their eggs may bleed seri- tions lacking these vitamins or factors, 

ously from minor wounds, such as wing Chicks or hens kept on wire show a much 

banding. greater need of these substances than do 

In the report on “Nutrient require- those kept on litter, especially deep lit- 
ments of chickens ” the special committee ter. This is undoubtedly because of the 
of the National Research Council gives synthesis of these compounds in the 
the tentative requirement of vitamin K litter. \ 

for chicks to 8 weeks of age as 0.18 milli- Painstaking experiments have shown 

gram per pound of feed. 8 Only 1 to 2 that at least 3 or 4 unidentified vitamins 
per cent of alfalfa meal of good quality seem to be required by chicks. 59 In a.ddi- f 
usually furnishes ample vitamin K in tion, an unknown trace mineral or corn- 

poultry rations, even for chicks. 58 bination of minerals is evidently needed. 

However, as is stated in Chapter One of the unidentified vitamins, 

VII, the requirement of the vitamin is called the fish solubles factor, or the 
considerably increased if there is added liver factor, is supplied in largest amounts 
to the ration a high level of certain drugs, by fish solubles, fish meal, liver meal, 

such as sulfaquinoxaline (for coccidiosis penicillium mycelium meal, and some 

control) or arsonic. acid derivatives (as other fermentation products. 60 Meat scrap 

a growth stimulant). Hemorrhagic trou- has somewhat less, and there is a still 
ble may then occur in chicks on a ration smaller amount in dairy by-products, 
that would be otherwise satisfactory. A second unidentified vitamin, called 

In such cases the trouble can be the distillers solubles factor, is furnished 
pi evented by increasing the percentage by grain or molasses distillers solubles 
of alfalfa meal, by adding green feed, or and yeast. 61 

by adding to the ration menadione or A third, called the grass juice factor 

menadione sodium bisulfite (a water- or the alfalfa factor, is supplied by fresh 
soluble form of menadione). Such an green forage, dairy by-products, brewers' 
addition should also be made to a high- dried yeast, and alfalfa meal 69 Soybean 
eneigy ration for chicks which contains oil and grain or molasses fermentation 
no alfalfa meal, or an insufficient amount solubles have small amounts, 
to pievent hemorrhagic disease. Whey apparently furnishes both the 

1528. Unidentified vitamins or fac- grass juice factor and the fish solubles 
tors. — Recent investigations have shown factor. Some investigators consider that 
that in addition to the known and identi- the factor present in dried whey, other 
fied vitamins, certain unidentified vita- dairy by-products, and certain other feeds 
mins or factors are also required by is a distinct factor. 63 
chicks and turkey poults. These have In recent New York and Texas stud- 

been discussed in Chapter VII. ( 222) ies chicks from hem fed a ration deficient 
Older birds have less need of these in unidentified vitamins or factors were 
vitamins or factors, probably because cer- given purified experimental diets sup- 
tain amounts are synthesized by bacterial plying ample amounts of all known nu- 
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mtive essentials. 64 The chicks were kept 
on wire to prevent their obtaining the 
unidentified substances from the feces. 

The addition of dried distillers solu- 
bles produced a marked increase in 
growth rate of these chicks. Surprisingly, 
when the ash of distillers solubles was 
added to the experimental diet, the 
growth was also increased, although to 
a considerably less extent than by the 
distillers solubles. This indicated that 
part of the benefit from the addition of 
distillers solubles was due to some trace 
mineral or to a mixture of minerals sup- 
plied by the distillers solubles. In the 
New York studies, this effect was not 
produced by the addition of any of the 
recognized essential trace minerals, or 
of several other minerals tested. 

In a recent Illinois experiment the 
ash of fish meal improved the growth 
rate of chicks fed a purified diet lacking 
^unidentified vitamins or factors. 65 On 
the other hand, in another Illinois trial 
the ash of distillers solubles did not 
consistently increase the growth of chicks 
fed such a diet, while distillers solubles 
itself uniformly improved growth. 66 

The greatest improvement in growth 
of chicks is apparently not produced un- 
less all of the unidentified vitamins or 
factors are present in the diet. It is there- 
fore important to see that a mash for 
chicks has sufficient amounts of the feeds 
or supplements that furnish these essen- 
tials. 

The amounts of these unidentified 
vitamins or factors required for maximum 
growth by chicks have not been deter- 
mined, because these substances have 
not been separated and identified. The 
example rations for poultry in Appendix 
Table VII show the approximate amounts 
needed of the feeds which supply these 
vitamins or factors. 

1529. Anti-gizzard-erosion factor. — 
Sometimes the lining of the gizzard of 
chicks becomes eroded in spots, appar- 
ently because of a nutritive deficiency. 67 
Unless the erosions are severe, the growth 
of the chicks does not seem to be affect- 
ed. 

If the ration contains sufficient of 
certain feeds, this trouble is largely pre- 


vented. The anti-gizzard-erosion factor is 
supplied by alfalfa meal, green forage, 
wheat bran and wheat middlings, oats 
and oat hulls, and liquid skimmilk, but- 
termilk, or whey, but apparently not by 
dried dairy by-products. Bile and cholic 
acid, a bile ingredient, are especially rich 
in the factor. There seems to be less of 
the trouble if the ration has ample vita- 
min B 12 . 

1530. Net-energy values, or produc- 
tive-energy values. — The only extensive 
experimental data concerning the net- 
energy values of feeds for poultry were 
secured by Fraps and associates at the 
Texas Station some years ago in investi- 
gations with chicks. 68 These experiments 
were conducted by the carcass-analysis 
method described in Chapter II. (72) 
In this method the bodies of chicks are 
analyzed after being fed the experimental 
rations for several weeks. From the 
amounts of protein and fat stored in 
the body, the storage of energy is deter- 
mined, and to this amount of energy is 
added the net energy used for mainte- 
nance. 

In this manner the net-energy values 
of a considerable list of feeds were de- 
termined directly. From the data thus 
secured, Fraps computed production co- 
efficients for computing the net-energy 
values of feeds from the chemical com- 
position, and published a table giving 
these net-energy values for many feeds. 
He used the term productive energy in- 
stead of net energy for these values, 
which are the same as net-energy values. 

For poultry feeding, net-energy or 
productive-energy values are now most 
commonly stated in terms of Calories 
(large calories) per pound of feed. For 
other stock, net-energy values are usually 
expressed in terms of therms per 100 lbs. 
of feed (1,000 Calories equal 1 therm.) 

Recently, Titus has computed and 
published productive-energy values for 
the important poultry feeds, by using 
Fraps’ data and later data concerning 
the composition of feeds and their di- 
gestibility by poultry. 69 

The original Fraps’ productive- 
energy values for the most important 
poultry feeds and the revised values com- 
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puted by Titus are given in Appendix 
Table XI. 

The investigations by Fraps and 
associates showed that corn, wheat, the 
grain sorghums, and barley had even 
higher productive-energy values for 
chicks than these grains have for rumi- 
nants. Thus, ground dent corn of Grade 
No. 2 had a productive-energy value of 
1,092 Calories per pound, ground wheat 
a value of 1,013 to 1,024 Calories per 
pound, and ground grain sorghums fully 
as high values as that of com. 

In contrast to these grains, which are 
low in fiber and high in digestibility, 
were feeds high in fiber or otherwise 
poorly digested by poultry. Thus, oat 
hulls or cottonseed hulls supplied no 
productive energy to chicks. Alfalfa meal 
furnished only 261 Calories per pound, 
and alfalfa stem meal but 185 Calories 
per pound. 

Though dried beet pulp is not very 
high in fiber, its carbohydrates are di- 
gested poorly by poultry, and it supplied 
but 220 Calories of productive energy 
per pound. The productive-energy value 
of wheat bran was only 478 Calories 
per pound, while that of white shorts was 
983 Calories, and that of wheat red dog 
1,020 Calories. 

Most of the protein-rich supplements 
had much lower productive-energy values 
than did the cereal grains. The produc- 
tive-energy value of 43-per-cent-protein 
soybean oil meal was 674 Calories per 
pound; of 43-per-cent-protein cottonseed 
meal, 694 Calories; and of 50-per-cent- 
protein meat-and-bone scrap, 724 Cal- 
ories. Though dried skimmilk and dried 
buttermilk have a high value for poultry 
because of the excellent quality protein 
and the vitamin content, their productive- 
energy values were surprisingly low, 
being only 525 Calories per pound for 
dried skimmilk and 707 Calories for dried 
buttermilk. 

The productive-energy values, or 
net-energy values, determined by Fraps 
should be considered as only very ap- 
proximate. This is because the investiga- 
tions were conducted before the modern 
knowledge had been gained concerning 
the vitamin requirements of chicks. It 



seems possible or probable that some df 
the experimental diets used in these 
studies were deficient in some of the vita- 
mins now known to be essential for maxi- 
mum growth of chicks. 

It has not yet been determined 
whether various feeds have approximately 
the same productive-energy values for 
laying hens as for chicks. >' 

1531. Calorie-protein ratio. — It has 
been pointed out previously in this chap- 
ter that chickens fed a high-energy ra- 
tion need a slightly higher percentage of 
protein than do those fed a ration lower 
in energy. (1499) Formula feed manu- 
facturers therefore give attention to the 
ratio, or proportion, between the Calories 
of productive energy, or net energy, and 
the percentage of protein in high-energy 
mashes. 

For example, a chick mash furnish- 
ing 900 Calories of productive ener gy. 
per pound and containing 20 per cent 
total protein has a Calorie-protein ratio 
of 45.0 : 1. 

From his experiments at the Uni- 
versity of Maryland and the results of 
other investigations, Combs recommends 
that broiler starter rations should have a 
Calorie-protein ratio of approximately 
42 : 1, and a broiler finishing ration, a ra- 
tio from 48 to 50 : l. 70 For hens laying 
about 200 eggs a year, he advises a 
Calorie-protein ratio of 62 : 1, and for 
hens laying 300 eggs a year, a ratio of 
56 : 1. 

1532. Metabolizable energy. — Me- 
tabolizable energy values of poultry ra- 
tions or feeds can be determined much 
more easily than productive-energy val- 
ues, or even total digestible nutrients. All 
that is necessary is to find the gross energy 
content of the daily ration, and to subtract 
from the gross energy the amount of 
energy excreted daily in the feces. In 
poultry there is no appreciable loss of 
energy in combustible gases produced in 
the digestive tract, as in the case of 
cattle. (76) Therefore no correction is 
necessary for this loss. 

In recent New York experiments by 
Hill and Andersoii the metabolizable en- 
ergy values of several feeds and rations 
have been determined in experiments 
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Mth chicks, and also the productive- 
energy values of certain rations have been 
ascertained by the Fraps* slaughter 
method. 71 In these studies it was found 
that in various experiments the produc- 
tive energy of the same ration differed 
widely in different tests. On the other 
hand, there was good agreement in the 
metabolizable-energy values determined 
y in different experiments with the same 
ration. 

These studies indicate that metabo- 
lizable-energy values are more reliable 
than productive-energy values for chicks. 
Therefore, in the future they may prove 
more useful. Thus far, however, produc- 
tive energy has been used chiefly by poul- 
try scientists in estimating the energy 
values <pf feeds or rations for poul- 
try. 

Appendix Table XI gives the me- 
tabolizable-energy values for certain 
weds, as determined in these New York 
experiments. Also, this table gives the 
metabolizable-energy values of other im- 
portant poultry feeds, computed by Titus 
from data by Fraps and others. 69 

1533, High-energy rations. — High- 
energy rations are now commonly used 
by commercial poultrymen for chicks and 
broilers, because more rapid growth is 
produced and less feed is required per 
pound of gain. The high-energy, or high- 
efficiency, rations were first developed 
by Singsen and Matterson of the Uni- 
versity of Connecticut for broiler produc- 
tion. 72 Such rations are now widely used 
not only for broilers, but also for layers 
and often for rearing pullets. 

High-energy mashes for chicks and 
broilers generally provide 900 or more 
Calories of productive energy per pound. 
In order to secure this high-energy con- 
tent, 50 to 60 per cent or even more of 
the mash usually consists of corn or corn 
and wheat. Grain sorghums can be used 
in place of these grains, with suitable 
vitamin A supplementation. 

Only high-grade, low-fiber dehy- 
drated alfalfa is used in such mashes. To 
reduce the fiber content and thus in- 
crease the energy value, no alfalfa is in- 
cluded in some high-energy broiler mash- 
es. The vitamins that would be supplied 


by alfalfa must then be furnished by spe- 
cial vitamin supplements. 

Since corn is low both in niacin 
and in tryptophan, supplementary niacin 
is needed, unless sufficient is furnished 
by the other feeds. In the Connecticut 
high-energy formulas for broiler mashes, 
choline is also added. 

Although high-energy broiler mashes 
necessarily cost more per ton than mashes 
lower in productive energy, numerous 
experiments have shown that they are 
generally more economical and profit- 
able. 73 This is because the gains are 
more rapid on such a ration, considerably 
less feed is required per pound of gain, 
and superior carcasses are produced. The 
surprising efficiency that can be secured 
in broiler production on modem high- 
energy rations, completely supplemented, 
has been cited previously in this chapter. 
(1495) 

Experiments have also shown that 
high-energy rations are superior to ra- 
tions lower in energy for high egg pro- 
duction, especially in cold weather. 74 
When it is cold, hens fed a low-energy 
ration cannot consume enough feed to 
obtain sufficient energy for continued 
high egg production and maintenance of 
their weights. 

In recent New York experiments, 
compared with a high-energy ration sup- 
plying 930 Calories of productive-energy 
per pound, a decrease of 100 Calories 
per pound in productive-energy increased 
the amount of feed required per dozen 
eggs by 12 per cent. 75 

Most experiments have shown that 
high-energy rations are efficient for rais- 
ing replacement pullets, 76 

Formulas of high-energy mashes for 
chicks, broilers, and hens are given in 
Appendix Table VII. 

1534. Fiber. — Because all chickens 
have very limited ability to digest fiber, 
their rations must be relatively low in it. 
Under usual conditions, the fiber con- 
tent of rations should not be more than 
about 5 per cent. 77 High-energy mashes 
generally do not contain more than 4 
per cent of fiber. 

The growth of chicks fed an ex- 
perimental diet containing practically no 
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fiber is increased by adding to it a small 
percentage of fiber. 78 

Experiments have shown that when 
as much as 30 per cent of a feed very 
high in fiber, such as finely-ground oat 
hulls or peanut hulls, is added to a ra- 
tion, chicks will eat much more feed 
and may make nearly normal gains. 79 
However, the amount of feed required 
per pound of gain is greatly increased. 
Also, on the high-fiber ration consider- 
ably less fat is deposited in the body, 
thus reducing the energy content of the 
flesh. 

If a bulky, high-fiber mash is pel- 
leted, the density is much increased, and 
the birds can consequently consume 
more of it. Normal growth can therefore 
be secured on a pelleted ration which is 
higher in fiber than would produce good 
gains, if it was not pelleted. However, 
much more feed will still be required per 
pound of gain than on a high-energy ra- 
tion. 

On rations very low in fiber there is 
more tendency for feather-picking or can- 
nibalism to develop than on rations having 
more fiber. Including in the ration cer- 
tain feeds rather high in fiber, especially 
oats, reduces this tendency, but it of 
course lowers the energy value. 

On high-energy, low-fiber rations it 
is sometimes necessary to prevent feather- 
picking by such measures as darkening 
the house and using ruby-light, or by 
debeaking the birds (removing the tip 
of the upper mandibles of the beaks). 

1535. Antibiotic feed supplements. 
— A general discussion of antibiotic feed 
supplements has been given in Chapter 
XXIII. ( 966 ) It is there pointed out that 
most of the antibiotic supplements on 
the market not only contain an antibiotic 
or a mixture of antibiotics, but also sup- 
ply vitamin B 12 . A supplement of this 
kind is called an antibiotic-vitamin B 12 
feed supplement. The effect of such a 
supplement may be due, of course, both 
to the antibiotic and also to vitamin B 12 . 

A great number of experiments have 
been conducted to determine the effects 
on chickens and also upon turkeys of an 
antibiotic supplement or of an antibiotic- 
vitamin B 12 feed supplement. Most of 



the studies have been with chicks or 
broilers, but several experiments have 
been with hens or growing pullets. Sev- 
eral tests have been conducted with 
turkeys, but much less information has 
been secured with ducks or geese. 

The increase in growth rate of young 
birds produced by an antibiotic supjije- 
ment is greatest for turkey poults^ some- 
what less, but still important for chicks || 
and goslings, and least for ducks. 80 The 
use of antibiotic supplements for turkeys, 
ducks, and geese is discussed in the 
next chapter. 

1536. Antibiotic supplements for 
chicks and broilers. — In most, but not 
all, of the experiments with chicks and 
broilers, the addition to a ration of an 
antibiotic supplement or an antibiotic- 
vitamin B 12 feed supplement has pro- 
duced an appreciable increase in thO 
of growth. 81 The effect has been mcltf 
marked up to about a month of age. 

The growth stimulation has generally 
been greatest when the supplement has 
been added to a ration containing no pro- 
tein supplements of animal origin, or to 
a ration low in vitamin B 12 and the un- 
identified vitamins or growth factors. 
However, significant growth increases 
have usually resulted from adding such 
a supplement to an already excellent ra- 
tion, containing some fish meal, fish solu- 
bles, meat scrap, or dairy by-products. 

When the antibiotic supplement has 
improved the gains, the increase has 
generally not been more than 10 to 15 
per cent. The feed efficiency, or the 
amount of feed required per pound of 
gain, has been affected much less than 
the rate of gain, but it is commonly im- 
proved slightly. 

The probable causes of the growth 
stimulation by an antibiotic supplement 
have been discussed previously. 82 (966) 

The antibiotic supplements that 
have been most commonly used for poul- 
try are procaine penicillin, aureomycin 
(chlortetracycline), terramycin (oxy tet- 
racycline), and bacitracin. Streptomycin 
has been somewhat less effective in most 
of the tests in which it has been com- 
pared with these other antibiotics. 83 Less 
information is available concerning the 


GENERAL PROBLEMS IN POULTRY PRODUCTION 


effect of t other antibiotics. Some others 
have been much less effective than those 
mentioned, and certain ones have pro- 
duced no growth stimulation or have even 
depressed gains. 

In using an aureomycin, terramycin, 
or ’bacitracin feed supplement, usually 
sufficient is added to the ration to supply 
abaht 10 grams of the antibiotic per ton 
|| of feed. Less procaine penicillin is 
needed, only about 4 grams of the anti- 
biotic per ton of feed being enough. To 
control disease, sometimes a high level 
of an antibiotic supplement is used (50 
grams or more of the antibiotic per ton 
of feed). 

Although an antibiotic supplement 
hp the most marked effect on chicks up 
to ^bout a month of age, in broiler pro- 
do, mu, where rapid gains are important, 
the 'supplement should be fed continu- 

«Wy. 

It has been mentioned earlier that 
in certain recent experiments chicks kept 
under practical conditions have respond- 
ed much less, or not at all, to an anti- 
biotic supplement, while in previous years 
the growth increase on similar rations 
had been marked. 84 ( 966 ) This difference 
in results may be explained by a reduc- 
tion in harmful bacteria brought about 
by the continued use of an antibiotic 
supplement in the previous years. 

In some experiments chicks raised 
in new quarters, where there have been 
no birds before, have shown no growth 
stimulation from an antibiotic supple- 
ment 85 In these trials the antibiotic 
supplement has increased the growth of 
other chicks fed the same rations in old 
quarters. These quarters apparently car- 
ried some contamination with undesir- 
able bacteria. 

A combination of antibiotics has 
been no more effective than a single ef- 
fective antibiotic in most of the experi- 
ments in which such a comparison has 
been made. 86 However, some poultry 
scientists believe there are fewer failures 
to obtain a beneficial effect when a com- 
bination of antibiotics is used under prac- 
tical conditions. 87 

The growth of chicks has not been 
increased in certain trials by implanting 


an antibiotic pellet under the skin, in- 
stead of including the antibiotic in the 
feed. 88 

1537. Antibiotic supplements for 
hens or growing pullets. — The results 
have differed decidedly in the various 
experiments in which an antibiotic sup- 
plement has been added to rations for 
layers. In most of the trials the egg pro- 
duction has not been increased by adding 
an antibiotic to a ration which was nutri- 
tionally complete. 89 

On the other hand, if hens are fed 
an all-vegetable-product ration, an anti- 
biotic-vitamin B lg feed supplement may 
appreciably increase both egg produc- 
tion and hatchability. These effects may 
be due more to the additional B 12 sup- 
plied, than to the antibiotic. 90 

Also, if the egg production of well- 
bred pullets or hens has declined to an 
unsatisfactory level on a supposedly ade- 
quate ration, an antibiotic supplement 
may bring a marked increase in egg 
yield. 91 In such a case, using a high 
level of the antibiotic supplement is de- 
sirable. 

The early growth of chicks may he 
increased when an antibiotic supplement 
is added to the ration for rearing pul- 
lets. 92 This may also result when a ra- 
tion for hens that is low in vitamin B is 
supplemented with an antibiotic. 93 

1538. Arsonic supplements. — In the 
discussion of arsonic supplements in 
Chapter VII, it was explained that cer- 
tain derivatives of arsonic acid have gen- 
erally had an effect somewhat similar to 
that of an antibiotic, when added to a 
good ration for chicks or poults. 94 (967) 
In some cases the arsonic supplement 
even stimulates growth slightly when 
added to an efficient ration containing an 
effective antibiotic supplement. Also, the 
amount of feed required per pound of 
gain is usually reduced very slightly. 

An arsonic supplement may not be 
beneficial if the level of harmful bacteria 
or of disease is very low. For example, 
there was no benefit from adding either 
an arsonic supplement or an antibiotic 
to rations for chicks in recent Wisconsin 
tests. 95 In previous trials these supple- 
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ments had increased the growth when 
added to similar rations. Apparently, the 
continued use of the supplements had 
reduced the level of harmful bacteria 
so that a benefit was no longer secured 
from either type of supplement. 

Although the increase in rate of 
gain and in feed efficiency produced 
under usual practical conditions by us- 
ing an arsonic supplement is commonly 
small, . adding the supplement may be 
profitable. This is because of the very 
small amount of the supplement needed 
in the ration. For example, a common 
rate of addition of certain arsonic sup- 
plements is only 0.1 lb. per ton of feed. 
This addition costs only about 40 cents 
per ton. 

Arsonic supplements commonly add- 
ed to commercial feeds are arsanilic acid 
(4-aminophenyl arsonic acid), “3-nitro” 
(3-nitro-4-hydroxyphenyl arsonic acid), 
and 4-nitrophenyl arsonic acid. (967). 

Since the arsonic compounds are 
toxic in excessive amounts, proper care 
should be taken to secure even mixing. 
When properly mixed, meat will not con- 
tain excessive amounts, although regula- 
tions require that arsonics must not be 
fed for 5 days prior to slaughter. 

Additions of these compounds to ra- 
tions of growing pullets or of hens has 
given varied results. In some trials no 
benefit was secured, while in others, pul- 
lets have come into production a few 
days earlier and hens laid a few more 
eggs. 96 Eggs from hens fed such com- 
pounds contain only trace amounts of 
arsenic, well below toxic levels. 

1538 ( a ) . Furazolidone. — Signifi- 
cant improvements in egg production, 
with no effect on hatchability and fertil- 
ity were secured in Arkansas experiments 
by the addition of dietary furazolidone 
(N.F. 180) to laying and breeder hen ra- 
tions, often with a reduction in feed re- 
quired per dozen eggs. Disease levels 
present as well as management proce- 
dures coupled with the economics of the 
situation will dictate whether or not such 
additions are practical. 

1538 ( b ) . Enzymes, water treatment 
of grains. — A recent development is the 
finding that soaking or adding enzymes to 


certain cereal grains, such as barley^^H 
pearled barley, oats and rye, imprpve|3 
their value for poultry according to worMfc 
by Washington and Oregon. This disco gjj| 
ery is still too new to properly evaluat^^S| 

1539. Surfactants. — Several tj^^ g 
have been conducted during receM^A^^H 
to find whether adding certain stS^JS 
tants to a ration for chicks 

crease the growth. 97 As has been stated^ 
in Chapter VII, in most of the tests sur- * 
faetants have not stimulated growth, or 
else have been less effective than a suit- 
able antibiotic. (967) In trials where the 
growth has been increased, the effect 
has usually been after the chick^^|^ ( / 
5 to 8 weeks old. 98 

1540. Hormones. — The 

that has been used most widely ®pc- ^ 
tical poultry production is diethyUtilbes- 
trol, a synthetic female sex hormorr. 
(54) Administering this hormone, comfr 
monly called stilbestrol, to cockerels or 
roosters a few weeks before slaughter 
has a feminizing effect. 99 It increases the 
fatness and tenderness of the meat and 
improves the market finish. Sometimes 
the hormone is used for broilers of both 
sexes during the finishing period. 

Cockerels treated with the hormone 
have some of the characteristics of ca- 
pons, and are called “caponettes,” or 
“hormonized fryers” 

The stilbestrol is administered by 
implanting under the skin of the head 
or upper neck a pellet or else a paste 
which contains the proper dose of the 
hormone. The hormone is absorbed 
slowly and therefore only one treatment 
is needed. 

To hasten the fattening, sometimes 
not only are the birds implanted with 
stilbestrol, but also 0.15 to 0.20 per cent 
of thiouracil is added to the ration dur- ,, 
ing the finishing period. This drug slows 
down the action of the thyroid gland. It 
thus reduces the rate of metabolism in 
the body and increases fat deposition. 

The feeding of stilbestrol, by adding 
it to the ration as in the case of fatten- 
ing cattle, is apparently less effective . 
with poultry than' implantation. Such use 
of stilbestrol has not been authorized by 
the Food and Drug Administration. 
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A Simple Arrangement for Watering Chickens 

The platform covered with wire mesh prevents the litter becoming wet around the 
waterer. (From New York State College of Agriculture, Cornell University.) 


bestrol broke up the broodiness in most The watering arrangement should 

cases. 101 be so constructed that the birds cannot 

Adding thyroprotein , or iodinated roost upon it and foul the water with 
casein, to poultry rations has sometimes their droppings, and should be high 
been recommended to increase body enough to prevent litter being scratched 
metabolism. (54) However, in most of into it. For chicks a vacuum fountain is 
the experiments which have been re- desirable. The simplest form of such a 
ported, this supplement has not increased fountain is simply a jar filled with water 
egg production or produced a significant and inverted in a shallow pan. As the 
increase in the growth of chicks. 102 Thy- chicks drink the water from the pan, air 
roprotein supplementation may increase enters the jar and water flows out into 
the thickness of the egg shells, but it the pan until the water level rises, 
tends to reduce the body weights of hens. Poultry consume about 2 to 3 lbs. 

1541. Water. — A constant supply of of water per pound of air-dry feed eaten, 
fresh, clean water is an essential for all The water consumption is greater on a 
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ration high in protein than on one lower 
in protein. 104 Also, it is greater on a ra- 
tion containing meat scrap, fish meal, or 
dried whey than on an all plant-product 
ration. 105 

The daily water consumption of lay- 
ing hens will depend on the rate of egg 
production and the air temperature. 
Heavy layers require considerably more 
than poor layers. Hens may drink twice 
as much water a day in summer as in 
winter. The amount of water consumed by 
hens in a year has ranged from about 116 
lbs. to 175 lbs. or more in tests that have 
been conducted. 10 ® 

II. Other Problems in 
Poultry Husbandry 

1542. Preparation of feed. — Poul- 
try, except young chicks, can utilize 
whole grain efficiently. Therefore the 
most common method of feeding laying 
hens and growing pullets is to feed whole 
grain separately, in addition to a mash 
made up of ground grain and protein, 
mineral, and vitamin supplements. 

Sometimes layers are fed ear corn or 
small grain in the bundle, to save shelling 
or threshing or to force the hens to take 
more exercise. When grain is thus fed, it 
is, however, more difficult to know just 
how much grain the birds are getting, 
and often they are underfed. 

For feeding as scratch grain or in 
hoppers, corn is often cracked, instead of 
being fed whole. Heuser advises that 
when whole corn is to be fed to layers, 
the growing pullets should be accus- 
tomed to whole corn on the range in 
summer. 30 

Grain should be ground to only a 
medium degree of fineness for use in 
poultry mashes. Fine grinding makes the 
mash less palatable, especially in the 
case of wheat or rye, which become 
pasty when finely ground. Finely-ground 
mashes were compared with coarser 
mashes in Ohio and Utah experiments 
with laying hens. 107 The feed consump- 
tion and egg production were greater 
with the coarser mashes, and also in the 
Ohio trials the mortality was less. Very 
finely ground mash sometimes causes 


in chicks, because of feed adhering' To 
the beak. 108 * 

1543. Wet mash. — Before modern, 
efficient rations were developed for poul- 
try, the feeding of mash in wet form to 
laying hens was much more commo^J&in 
at present. Chiefly because of the 6$p|*g 
in labor, the most common practice Mw 
is to supply dry mash at all times, and to 
feed wet mash in addition to laying hens 
only when it is necessary in order to 
stimulate feed consumption. (1566) 

Feeding wet mash is a frequent prac- 
tice in fattening poultry, as is pointed out 
in the next chapter. Wet mash is also 
sometimes used for ducks, 

1544. Pellets; crumbles.— Pellets or 
crumbles are often used for poultry, ( 91 ) 
Crumbles, also called "granules” or 
"crackles,” are made by breaking large 
pellets into smaller pieces by a m^dbine. 
The cost of making crumbles is lesJPthan 
that of making the very small pellets 
needed for feeding chicks. 

The chief advantage of pelleted or 
crumbled feed is that there is less wast- 
age by feed being blown out of outdoor 
feeders, or being scratched or billed out 
of the feeders by the birds. This ad- 
vantage is more or less offset by the 
higher cost of such feed. 

Also, if the entire ration is pelleted, 
or a large part of it, the trouble from 
feather-picking or cannibalism is often 
much increased. To avoid this, it may 
be necessary to "debeak” the birds, or 
use other measures to prevent the trouble. 

There is usually more advantage in 
pelleting a ration high in fiber than in 
the case of a high-energy ration. This is 
because the density is much increased, 
and the birds can eat more of the feed. 
For example, in a California trial with 
layers and in a Canadian experiment with 
broilers, pelleting rations consisting large- 
ly of barley, improved the results. 109 

Several experiments have been con- 
ducted to determine the value of pellets 
or crumbles for poultry. 110 The results 
of the trials with chicks, broilers, or grow- 
ing pullets have differed. 111 In some 
cases the gains and the feed efficiency 
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}'r\e be&i slightly better on pellets or 
crainblest than on mash rations. How- 
*' ever, in other tests the results from mash- 
feeding have been just as good. 

*, * For laying hens, only the mash for 
feeding with scratch grain may be pel- 
ted, or the complete ration may be 
t&s processed. Sometimes, hens fed ra- 
tions of mash and grain or all-mash are 
given a mid-day supplemental feeding of 
pellets to stimulate feed consumption. 

In the experiments with hens, there 
has usually been no difference, or only 
a very slight difference in egg produc- 
tion when pellets have been fed instead 
of mash. 112 The hens fed pellets may 
eat somewhat more feed and therefore 
maintain their weights better. 

1545. Methods of feeding poultry. 
— Severaljpifferent methods of feeding 
poultry are used successfully by practical 
pouJgffeen. The results secured with 
various methods of feeding laying hens 
and growing birds are discussed in the 
following chapter. 

The most common method of feed- 
ing laying hens is to full-feed a laying 
mash in hoppers or troughs, and to feed 
in addition the desired amount of whole 
or cracked grain. This is either fed as 
scratch grain in the litter, or else a lim- 
ited amount of grain is fed in troughs 
or hoppers. When it is considered desir- 
able to stimulate feed consumption, a 
wet mash may also be hand-fed once a 
day. 

In the all-mash method of feeding 
layers, the entire ration is full-fed as a 
mixture in hoppers or troughs. Another 
method is the “cafeteria method” in 
which mash and grain are self-fed sepa- 
rately. When fed by this method, hens 
eat much more grain than mash. There- 
fore, to balance the ration, it is neces- 
sary to use a mash which is considerably 
higher in protein and richer in vitamins 
than is needed in the other methods. As 
mentioned previously, sometimes the 
mash is fed in the form of pellets, or 
cubes. 

Chicks are usually full-fed their en- 
tire ration in mash form for the first few 
weeks. Chick-size scratch grain is then 


often fed in addition. In the fattening of 
poultry, the entire ration is generally fed 
as a wet mixture. A wet mash is also 
often used for ducks. 

1546. Pasture versus confinement 
or bare range. — With the development 
of modern complete rations that fully 
meet all the nutritive requirements, it 
has become possible to raise poultry to 
maturity in confinement and without any 
access to range or to fresh green feeds. 
Likewise, laying pullets and hens can 
be kept successfully in confinement dur- 
ing the winter season and even through- 
out the year. Finally, the extreme in con- 
finement has been reached in the battery 
method, in which laying fowls are con- 
fined individually in batteries made up 
of small compartments. 

Extensive experiments have been 
conducted to compare good pasture, or 
range, with confinement or bare range 
for growing pullets 1X8 or for laying 
hens. 114 These experiments have shown 
that pullets which have been raised on 
fresh, uncontaminated pasture are usu- 
ally more thrifty than those raised in 
confinement. Therefore, even when the 
fowls are to be confined during egg pro- 
duction, they should, if possible, be raised 
on good pasture. Raising pullets in con- 
finement is, however, preferable to rear- 
ing them on a range that is badly con- 
taminated with parasites and diseases. 

Numerous experiments have shown 
clearly that for farm flocks of small or 
moderate size, it is more economical to 
provide clean, uncontaminated pasture 
during the growing season than to keep 
the layers in confinement. In the south- 
ern states, pasture makes an even great- 
er saving than in the North, because 
good forage can be readily furnished dur- 
ing all or most of the winter. 

In large-scale poultry production it 
is often difficult or impossible to provide 
good pasture for the layers. It then be- 
comes necessary to keep them confined 
and to use great care in feeding a ration 
that fully meets all their nutritive re- 
quirements. 

Good pasture for raising the pullets 
will usually save at least 5 to 10 per cent 
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of the total mash plus grain required, in is succulent and tender. To provide good 
comparison with feeding an efficient ra- pasture, the crop must therefor# be kept 
tion in confinement. There will be an growing actively over a long season. For 
even greater saving in cost, because there this reason, the best poultry pasture is 
is a greater reduction in the amount of furnished by Ladino clover or other clo- 
mash, which is more expensive, than in vers, by alfalfa, by other legumes, orjf|y 
grain. such combinations as alfalfa and biWml- 

In addition, a much cheaper mash grass or Ladino clover and grass. Tfafe 
may be fed than is necessary without pas- various pasture crops are discussed ijgtdb- 
ture. This is because good pasture is rich tail in Chapters XVI and XVIII. To stim- 
in protein and because pasture and direct ulate new growth, the pasture should be 
sunlight combined fully meet all the vi- mowed when necessary. (375) 



Good Pasture Important for Raising Pullets 


In addition to the saving of feed by the use of good pasture, pullets raised on fresh, 
uncontaminated pasture are usually more thrifty than those reared in confinement. (From 
Hurd, New York State College of Agriculture, Cornell University.) 

tamin needs. Information is given in the Ladino clover or a combination of 

following chapter and in the example ra- Ladino clover and grass is unexcelled for 
tions of Appendix Table VII concerning poultry pasture. (477) The crop is liked 
simple rations that are satisfactory for especially well by poultry, and it pro- 

growing pullets and for laying hens vides succulent pasturage over a long sea- 
which are on good pasture. son. 115 In tests in the southern states. 

In most of the experiments with lespedeza, kudzu, and Dallis grass are 
hens, the egg production has been higher among the pasture crops that have been 
on good pasture than in confinement or very satisfactory. 116 
on bare range, and often the mortality Kentucky bluegrass provides excel- 

has been less. In addition, there is a lent pasturage in spring and fall, when it 
marked saving of feed by providing good can be kept growing actively, but it often 
pasture, and a cheaper mash, which con- furnishes little forage in midsummer. In 
tains less protein and vitamin supple- Kentucky experiments laying hens re- 
ments, may be used. quired about 20 per cent less concen- 

1547. Pastures for poultry. — Poul- trates on young bluegrass pasture in 
try will not eat much pasturage unless it spring than was needed for hens in a dry 
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htW 0$ the other hand, hens ate so 
litp* mature bluegrass that there was no 
appreciable saving of concentrates when 
hens were on such pasture. 

, 1548; Clean, uncontaminated pas- 

| tim essential. — To avoid serious infec- 

I ti6n with parasites and diseases, it is 

* important to follow a careful pasture rota- 
tion system. The best plan is to provide 
* pasture each year that has not been used 
by poultry the previous year, or even 
better, for two years. It is especially im- 
portant to raise young stock on clean, un- 
contaminated pasture, from which the 
older poultry are fenced out. 

''||*.tis a good plan to move the colony 
housJjj-'on pasture once a week to pre- 
vent lulling out the pasture plants under- 
neath/ Another method is to move the 
feeders,, waterers, and any range shelters, 
but not the colony houses. 

An acre of good pasture should be 
sufficient for about 300 growing chickens 
or for 200 adult birds. 

1549. Alfalfa meal or hay and sub- 
stitutes. — The value of alfalfa meal or 
hay as a vitamin supplement for poultry 
has been discussed in Chapter XVI and 
also previously in this chapter. (465, 
1407, 1517, 1527, 1528) Detailed infor- 
mation is given in Chapter XVI concern- 
ing the use of other kinds of legume hay 
in poultry rations. 

Well-cured alfalfa hay and other 
legume hay not only supply carotene to 
meet the vitamin A requirements, but 
also help furnish B-complex vitamins and 
vitamins K and E, and one or more of the 
unidentified vitamins. In formula poultry 
mashes alfalfa meal is generally included 
as a vitamin supplement. 

Although alfalfa or other legume hay 
is usually included in poultry rations in 
the form of meal, legume hay is some- 
times supplied separately to farm flocks. 
In such cases it is generally fed as 
chopped hay, cut into one-half to one inch 
lengths and fed in wire baskets or con- 
tainers. 

Alfalfa or other legume chaff that 
accumulates where hay is pitched from 
a mow can be substituted for alfalfa 
meal. It may be fed dry, or it may be 
soaked and mixed with a wet mash. 


Dehydrated young cereals or dehy- 
drated vegetable wastes may be used as 
a substitute for alfalfa in poultry rations. 
(586,644) 

1550. Green feeds. — Before the use 
of alfalfa meal as a vitamin supplement 
became common, green feeds were often 
supplied poultry to furnish vitamins. 
When suitable pasture cannot be pro- 
vided during the growing season, it may 
be beneficial to feed palatable green for- 
age to laying hens and growing poultry, 
even when an efficient dry ration is 
used. 

Green alfalfa, clover, or other leg- 
umes are excellent green feeds. Lawn 
clippings likewise rank high in vitamin 
content and palatability. Kale is used ex- 
tensively for poultry in the Pacific Coast 
states. Rape is also often fed to poultry, 
but gives a dark color to the egg yolks. 
The waste parts of vegetables, such as 
cabbage leaves and carrot or beet tops, 
are good green feed for poultry. In the 
fall and winter, cabbage is often used as 
green feed. Cabbage is well liked by 
poultry, but it is not so rich in vitamins 
as green thin-leaved plants. Though cab- 
bage is a rather expensive feed when 
grown for this purpose, the small and 
unmarketable heads make cheap feed for 
poultry. 

Before modern poultry rations were 
developed, roots were used much more 
frequently than now for the winter feed- 
ing of poultry. Roots are well liked by 
poultry, but with the exception of car- 
rots, they will not replace legume hay 
as a vitamin A supplement. Also, roots 
are much lower than legume hay in R- 
complex vitamins. In addition, they are 
usually an expensive source of nutrients 
in this country. (627) 

When fresh green feed is fed to 
poultry, it is usually supplied at noon in 
such an amount as the birds will eat be- 
fore night. A common allowance is 4 to 
6 lbs. a day per 100 hens. 118 If hens are 
given all the palatable green feed that 
they will eat throughout the day, they 
may eat more than twice this amount. 
However, such a large allowance may 
make the egg yolks too deep in color to 
meet the demands of some markets. 
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1551. Silage. — Hay-crop silage, or 
so-called "grass silage,” may be used in- 
stead of alfalfa meal as a vitamin supple- 
ment for poultry. (441) On tlie dry-mat- 
ter basis, well-preserved hay-crop silage 
is even richer than good legume hay in 
carotene content. (437) Com silage or 
sorghum silage is not generally fed to 
poultry, as it is too coarse and bulky. 

When a ration for hens contains the 
usual amount of alfalfa meal, the egg 
production will not generally be raised 
by supplying hay-crop silage, but it does 
tend to increase the hatchability of the 

eggs. 

As pointed out in Chapter XV, feed- 
ing more than 3 lbs. of hay-crop silage 
daily per 100 hens may produce dark- 
colored or greenish egg yolks. (441) 

1552. Shelter. — To be healthy and 
profitable, poultry need quarters that are 
dry, well ventilated, well lighted, and 
free from drafts. 119 The poultry house 
need not be expensive, but should pro- 
vide these essentials. Before building a 
poultry house, one should secui'e infor- 
mation from the state agricultural college 
or the local county agent concerning the 
type that is best adapted to the climatic 
conditions in the particular region. 

On farms where poultry husbandry 
is an important enterprise, the laying 
hens are commonly kept in laying houses, 
and separate buildings are used for the 
young stock. These include brooder 
houses, movable colony houses, and 
range shelters. The simplest laying house 
is a one-story building with only one pen. 
For larger flocks laying houses with mul- 
tiple pens are used. These are either long 
continuous one-story houses or multiple- 
story houses of two or more stories. 

The laying house should be located 
on well-drained high ground, where the 
air movement will aid proper ventilation. 
Trees near the house will provide sum- 
mer shade and also some protection from 
winter winds and storms. Unless the lay- 
ers are to be kept in confinement, there 
should be ample range adjacent to the 
laying house. 

In the house, about 3 square feet of 
floor space should be allowed for each 
hen of the smaller breeds, such as Leg- 


horns, and 3% to 4 square feaj: pei%h£n 
for the larger breeds. If the hen;* are c^JX* 
fined in the laying house duriifg the hot 
summer months, it is best to increase fee 
allowance of floor space about one-lilf 
square foot per fowl. The normal; jb 
crease in size of flock from culling^fefd* 
mortality will often take care of this. ^ 

The house should be so arranged * 
that it will be convenient to care folHhe % 
poultry and with a minimum amount of 
labor. It is important that the house and • 
all the fixtures be easy to disinfect. Th<| 
fixtures — nests, perches, dropping boards, 
coops for broody hens, feed hoppers, etc# 
— should therefore be simple and, remov- 
able. At least once a year and preferably 
twice a year, the house and alHfixtures 
should be thoroughly disinfected,;, 

1553. Air temperature andh^umid- 
ity. — California and Kansas expSSmentj 
showed that an air temperature of. 'about 
65° F. is most favorable for high egg pro- 
duction. 120 A much higher or lower 
temperature tends to reduce the yield. 

Poultry suffer from very hot 
weather. 121 (233) Feed consumption 
and egg production are much reduced. 
Also, the strength of the egg shells is 
lessened. High humidity increases the in- 
jurious effects of high air temperature. 

In hot climates a method of cooling 
the birds is sometimes used. In California 
studies, with an air temperature of 90° F., 
mist-spraying laying hens for 30 seconds 
every 60 to 90 minutes was effective in 
reducing the body temperature. 122 

Shade in the pastures and good ven- 
tilation in the poultry houses are impor- 
tant in reducing the effect of hot weather. 

1554. Litter. — The poultry house 
should be bedded with suitable litter, and 
this should be renewed when it becomes 
damp or filthy. Cut straw is used most 
often for litter. Other common kinds of 
litter are cut or shredded corn or sor- 
ghum stover, sawdust or wood shavings, 
ground corn cobs, peanut shells or hulls, 
cottonseed hulls, peat moss, and cane lit- 
ter. 

In Delaware studies various kinds of 
litter were given the following ranks for 
brooder houses: Peanut shells, first; fol- 
lowed in order by ground corn cobs, peat 
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moW '‘sugji ar cane litter, sawdust, shav- 
' cottonseed hulls, and com stover. 123 
Various kinds of mineral litter were less 
satisfactory, 

^ Largely through investigations by 
&|nnard, Chamberlin, and associates at 
•tj© 6hio Station over several years, the 
^Tise of “compost litter,” or “built-up lit- 
ter,” has become common. 124 Other ex- 
periments have corroborated, in the main, 

* their conclusions. 125 An important ad- 
vantage of compost litter is that it makes 
*it unnecessary to clean the house more 
than once a year, thus saving labor. Lit- 
ter is also saved. Several broods of broil- 
ers, for; example, can be raised on the 
same lifer. 

Tfefcompost litter is started in the 
fall with 4 to 6 inches of fresh litter fully 
coveriMMhe clean, dry floor. The litter 
is stinjM . ; up and leveled off about twice 
a weeK* and additional litter is added un- 
til tlf&‘ litter is 8 to 12 inches deep. It is 
important to stir the litter to prevent it 
from caking over the surface, and to mix 
the fresh droppings with the material be- 
low, which has been sanitized by bac- 
terial action. 

In cold, damp weather, it is bene- 
ficial to scatter hydrated lime, ground 
limestone, superphosphate, or gypsum 
over the surface before stirring it up. This 
keeps the litter drier and in better con- 
dition. Adding superphosphate also de- 
creases the loss of nitrogen from the lit- 
ter. 

Any wet spots of the litter should 
be removed, as needed, and replaced by 
fresh material. Otherwise, none is re- 
moved until it may be necessary to take 
off some to prevent it becoming too deep 
for convenience. 

Besides the saving of labor in using 
compost litter, there is a nutritional ad- 
vantage. In the bacterial action that takes 
place, there is a considerable synthesis 
of B-complex vitamins, including vita- 
min B 12 . Except when the ration has an 
ample supply of these vitamins, the 
growth of chicks or the egg production 
of hens may be appreciably increased by 
keeping them on compost litter. A dis- 
advantage of compost litter is that some- 
times there may be more trouble from 
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coccidiosis or from round worms on such 
litter. 126 Also, inflammation of the cornea 
of the eye may occur in young chicks 
started on old compost litter, especially if 
it is damp. This is caused by ammonia 
in the litter. 

1555. The egg. 127 — In several re- 
spects, an egg is similar to a grain, such 
as a kernel of corn. In each there is a 
germ, from which the new life develops, 
and each contains food for the nourish- 
ment of this germ. In the grain the stored 
food material is starch, fat, and protein, 
while in the egg the nutriment is stored 
in the form of protein and fat. While the 
grain must absorb much water for ger- 
mination, the egg contains sufficient for its 
own development. Moreover, a much 
higher temperature is required for the 
hatching of the egg than for the germina- 
tion of a seed. 

An egg consists of five parts: (1) 
The shell; (2) the shell membranes; (3) 
the albumen; (4) the yolk; and (5) the 
germ. The shell makes up about 12 per 
cent of the weight of the entire egg. 
There are 2 layers of shell material, com- 
posed chiefly of calcium carbonate. On 
the outside of the shell is a thin protec- 
tive coating, the cuticle, which protects 
the egg against bacterial invasion. This 
is similar in composition to the shell mem- 
branes inside the shell. 

The shell membranes consist of 2 
parchment-like layers, the inner one be- 
ing the thinner. At the large end of the 
egg these layers separate, forming the 
air sac. 

The albumen , or the white of the 
egg, which forms about 56 per cent of 
the weight, contains about 12 per cent 
dry matter, this being nearly all protein. 
When an egg is cooked, this albumen 
coagulates, or hardens. 

The yolk , forming about 32 per cent 
of the egg, is enclosed in a delicate mem- 
brane which keeps it spherical in shape. 
The yolk contains an average of 48.7 per 
cent water, 16.6 per cent protein, 32.6 
per cent fat, 1.0 per cent carbohydrates, 
and 1.1 per cent mineral matter. 

The germ in the fresh-laid egg is a 
white speck about one-eighth of an inch 
in diameter on one side of the yolk. 
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The standard weight of liens’ eggs 
is 2 ounces each, or 24 ounces to the 
dozen. Eggs weighing less than this sell 
at a discount on most markets. Those 
that weigh up to 26 ounces per dozen 
may sell at a premium, but extremely 
large eggs are not desired, as they are 
more apt to break when handled in or- 
dinary containers. 

QUESTIONS 

1. Give an example of the increase in effi- 

ciency of production through modem 
rations and methods. 

2. Tell how the digestive system of poultry 

differs from those of other farm ani- 
mals. 

3. Why are not rations for poultry com- 

monly computed on the basis of di- 
gestible nutrients? 

4. In what terms are feeding standards for 

poultry generally stated? 

5. What percentages of protein are recom- 

mended in rations for: (a) Chicks up 
to 8 weeks of age; (b) chicks 8 to 18 
weeks of age; (c) laying hens? 

6. Discuss the importance of quality of pro- 

tein for poultry. 

7. Why should at least a small amount of a 

protein supplement of animal origin 
be included in a poultry ration, if pos- 
sible? 

8. Which amino acids may be deficient 

in practical, well-balanced rations for 
chicks? 

9. Give an example of the way an amino- 

acid deficiency can be corrected. 

10. Which pure amino acid is sometimes 

used as a supplement to practical ra- 
tions? 

11. Discuss the fat requirements of chickens. 

12. What results have been secured by add- 

ing by-product animal fat to poultry 
rations? 

13. Which minerals need special considera- 

tion in poultry rations? 

14. Discuss the requirements of chickens for: 

(a) Calcium; (b) phosphorus; (c) 
salt; (d) manganese; (e) iodine. 

15. Of what importance is grit for poultry? 

16. Is it advantageous to add charcoal to 

poultry rations? 

17. Discuss the requirements of poultry for 

vitamin A and carotene. 

18. What is the effect of feed on the color 

of egg yolks and body tissues? 

19. Discuss the vitamin D requirements of 

poultry, stating the form of vitamin D 
that is used efficiently by poultry. 


3. Which of the B-complex vitamins 'ij^ost 
important in feeding poultry? W^it 
supplements are used to supply this 
vitamin for poultry not on good pas- 
ture? 

L. Discuss: (a) Niacin; (b) vitamin Bj?; 

(c) other B-complex vitamins. / 
l . Is it generally beneficial to add yeast to 
poultry rations containing an ample 
supply of B-complex vitamins? 

5. What disease is caused by an experi- 
mental ration deficient in vitamin E? 
L Discuss the importance of vitamin K for 
poultry. 

>. Name 4 unidentified vitamins or factors 
that are needed by poultry and state 
a feed that supplies each of these^i 
>. Discuss the importance of net-eill|gy 
values, or productive-energy vMpin 
poultry feeding. j£3|9 

r . What is meant by Calorie-prote^^Mio? 
I. What advantages do 

energy values have over pro|Bpve- 
energy values? W 

i. Discuss high-energy rations for: (a) 
Chicks and broilers; (b) layers, 
i. Discuss antibiotic feed supplements in 
rations for: (a) Chicks and broilers; 
(b) hens or growing pullets. 

. What effects have generally been pro- 
duced by adding an arsonic supple- 
ment to a ration for chicks or poults? 

. Have surfactant additions to poultry ra- 
tions usually been beneficial? 

. How should water be supplied poultry? 

. Discuss the preparation of grain for poul- 
try. 

. What is the chief advantage of pelleted 
feed for poultry? What is the disad- 
vantage? 

. What different methods of feeding are 
used for laying hens? 

. Discuss the results from pasture versus 
confinement or bare range for poultry. 

. What are the best pastures for poultry in 
your region? 

. Why is it important to follow a careful 
pasture rotation system for poultry? 

. Discuss the use of alfalfa hay in poultry 
rations. What substitutes can be used 
instead of alfalfa? 

, To what extent are fresh green feeds 
used for poultry in your region? 

, What kind of silage may be useful for 
poultry? 

Discuss the requirements of poultry for 
shelter. 

What is the effect of very hot weather on 
chickens? How can these effects be 
reduced? 
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* 4ok Wlf'utjkinds of litter are used for poultry 
Ljjjf in *our region? Describe the method 
of *ising built-up litter. 

46. Describe the structure of an egg. 
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I. Feeding and Caring for 
Laying Hens 

1556. Essentials in rations for lay- 
ing hens. — In order to produce eggs eco- 
nomically, a high rate of egg production 
must be maintained in a flock of laying 
hens. To secure this, the hens must be 
fed a ration which is complete and well- 
balanced and which meets fully the 
nutritive requirements that have been dis- 
cussed in the preceding chapter. It is 
also essential that the hens eat large 
quantities of feed. The ration must there- 
fore be palatable and be fed in a manner 
that stimulates high feed consumption. 

Detailed information has been given 
in the preceding chapter concerning the 
nutrient requirements of layers. Also, the 
ways have been explained by which 
these requirements can be fully met in 
practical rations. In Appendix Table VII 
several example rations are presented 
that are adapted to conditions in various 
regions. 

1557. Grains for poultry. — All of 
the cereal grains can be used satisfacto- 
rily in rations for laying hens and for 
other poultry. Information about the use 
and relative value of the different grains 
for poultry is given in Chapters XX and 
XXI. 

In most parts of the United States 
corn is the chief grain fed to poultry, 
and it gives excellent results when used 
in properly balanced rations. (705) Yel- 
low corn aids in meeting the vitamin A 
requirements, and it also produces yel- 
low color in egg yolks and body tissues. 
(1518) When other grains replace all 
or much of the yellow corn in a poultry 
ration, their lack of vitamin A value must 
be corrected by an ample supply of the 
vitamin from other sources. 

Though oats are considerably lower 
than com or wheat in net-energy value 
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for poultry, they are desirable iiwpouF* 
try rations for certain special qullitiesL 
(726) Because of the oat hulls, including 
oats in poultry rations tends to prevent 
feather picking and cannibalism. The 
hulls also seem to provide a factor that 
improves growth and feather develop- 
ment in chicks and reduces mortality. 

Heavy, plump oats should, if pos- 
sible, be used for poultry, as light-weight 
oats have a low value for them. For use 
in a mash, oats should be ground fine 
enough to prevent the birds from picking 
out the kernels and leaving the hulls. 

Wheat is liked the best of all the 
grains by poultry and is equal or slightly 
superior to corn in value per 100 lbs, 
(738) Though wheat is not at all essen- 
tial in poultry rations, a limited amount 
is often fed, even when other grains are 
cheaper, because of the palatability of 
wheat and to furnish greater variety. If 
hens are fed, free-choice, all the wheat 
they will eat, and also mash, free-choice, 
they will usually eat a much greater 
amount of wheat than of mash. It may 
therefore be necessary to restrict the 
amount of wheat, in order to get them 
to eat enough of the mash to balance 
the ration properly. 

Barley is a satisfactory substitute 
for corn or wheat in poultry rations. 
(761) It is somewhat less palatable than 
these grains to poultry, but they soon 
become accustomed to it. Because of the 
hulls, the feeding value of barley for 
poultry is appreciably less per pound 
than that of corn. For this reason, a 
large proportion of barley cannot be in- 
cluded in high-energy mashes. 

The grain sorghums are widely used 
for poultry in the sorghum-belt, and are 
nearly equal to com in value per pound. 
(779) Rice, emmer, hog millet, or buck- 
wheat can also be used in poultry ra- 
tions. (783, 788-790) Hominy feed is a 
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The estimates for light breeds are 
for such breeds as Leghorns, and those 
for heavy breeds, for such breeds as 
Rhode Island Reds, New Hampshires, 
or Plymouth Rocks. 

Approximate daily amount of 
feed for 100 laying hens 


Hate of egg 

Light breeds 

Heavy breeds 

production 

(av. wt. 4 lbs.) 

(av. wt. 51/2 lbs. 

Per cent 

Lbs. 

Lbs. 

30 

22 

25 

40 

23 

26 

50 

24 

27 

60. 

25 

28 

70 

26 

29 

80 

27 

30 


1562. Methods of feeding laying 
hens. — In almost all methods of feeding, 
laying hens are full-fed a mash which 
contains protein, mineral, and vitamin 
supplements. Sometimes all or part of 
the mash is fed in pelleted form. (1544) 

Except in the all-mash method, the 
hens are fed grain separately, in addi- 
tion. Generally, this grain is given in a 
limited or controlled amount, and fed 
either as scratch grain in the litter or in 
the proper amount daily in open hoppers 
or troughs. 

Sometimes the cafeteria, or free- 
choice, method is used, in which both 
dry mash and grain are full-fed, sepa- 
rately in hoppers. The hens are allowed 
to eat as much of each as they wish. An- 
other method is the use of an all-mash 
ration. In this method the proper pro- 
portion of grain (usually ground or 
cracked) is included in the mash, which 
is full-fed in hoppers. 

Laying hens should not be changed 
quickly from one method of feeding to 
another, as this is apt to reduce feed con- 
sumption. 

1563. Mash-and-scratch-grain meth- 
od.— A common method of feeding lay- 
ing hens is the mash-and-scratch-grain 
method. In this method a laying mash 
that contains 20 to 23 per cent of pro- 
tein is full-fed dry in hoppers. In addi- 
tion, a limited amount of scratch grain 
is fed by scattering it in the litter, so the 
birds will get exercise in scratching for 
it. The scratch grain is commonly a mix- 


ture of whole grains, though tie Wj'. 
sometimes cracked coarsely. 

In this method the aim is to have 
the hens eat approximately equal weights 
of grain and mash, so that their total ra- 
tion will have the proper percentag^>| 
protein and also sufficient amounts 3 *!)® 
minerals and vitamins. 1 

The mixture of grain is ordinarily 
more palatable to the fowls thaw the 
mash. Therefore, they will clean the 
grain up and then eat enough mash to 
satisfy their appetites. To build up the 
bodies of the birds or to increase^ the 
total feed consumption, the amp^w of 
grain should be increased, whi<||Jfeto- 
matically reduces the amount h 

eaten. To stimulate egg productmJJP i^e 
amount of grain is reduced, 
will eat more of the mash, .c^nHpxrg 
the protein supplements. In cold tvo|B|r, 
when there is a greater need for energy 
and when feed consumption is 
the proportion of grain may be higher 
than when it is warmer. At no time 
should the hens eat more than 2 lbs. of 
grain for each pound of mash of the 
usual type. 

In order to get the hens to eat 
enough mash, only a light feeding of 
scratch grain is given in the morning 
(about one-fourth of the total daily 
amount). In the late afternoon, the hens 
are given all the scratch grain they will 
clean up, so they will go to roost with 
full crops. 

The birds should be examined oc- 
casionally after they have gone to roost, 
to see whether they have had enough 
grain. At night it is better to feed a 
little more than will be eaten than not 
to feed enough. However, the morning 
feed must be light enough so that the 
grain will be entirely cleaned out of the 
litter before the afternoon feeding. Dur- 
ing cold weather a small feeding of 
scratch grain is sometimes given at noon 
to keep the birds active. 

Unless the hens are of an especially 
well-bred strain, the egg production is 
apt to be appreciably higher in this 
method than when grain is full-fed. An- 
other important advantage of the scratch- 
grain method is that it keeps the litter 
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and dry. Feeding at least some 
grain in the litter is essential in using 
“built-up litter,” (1554) 

•A disadvantage of this method is 
gt it requires somewhat more skill and 
erience on the part of the poultry- 
nan than in the free-choice method or 
^the all-mash method. 


troughs, the litter is apt to become 
packed down and badly soiled. To pre- 
vent this, some grain can be scattered in 
the litter in the morning. 

1565. The free-choice, or cafeteria, 
method. — In the free-choice, or cafeteria, 
method, mash is full-fed at all times in 
open hoppers, or feeders. Grain is also 


Hens Eating Laying Mash from a Feed Hopper 


Note the guard above the hopper to prevent the hens from getting into it. ( From Ogle, 
New York State College of Agriculture, Cornell University.) 


1564. Mash with limited grain in 
hoppers. — Instead of feeding scratch 
grain in the litter, sometimes a limited 
amount of grain is fed in hoppers or 
troughs, in addition to the full-feeding 
of dry mash. The consumption of grain 
can be regulated in this method, just 
as in the scratch-grain method. 

Generally, the grain is given sepa- 
rate from the mash, but sometimes it is 
distributed on top of the mash. If disease 
is present in the flock, it may spread less 
with this method than when scratch grain 
is fed in the litter. 

When all of the grain is fed in 


full-fed, free-choice, in separate feeders. 
The hens are allowed to eat whatever 
proportion of mash and grain they de- 
sire. If more than one kind of grain is 
fed, the different kinds may be mixed 
together, or each kind may be supplied 
in separate feeders. A modification of 
this method is to feed some of the grain 
by hand in the litter, so that the birds 
will work over the litter and keep it 
loose and dry. 

If corn or wheat is full-fed by this 
method, the hens are apt to eat much 
more grain than mash. Unless the mash 
is higher than usual in protein and also 
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in mineral and vitamin supplements, the 
ration will be too low in these nutrients. 
To aid in preventing this, a mash is often 
used which has 26 per cent or more of 
protein and also a higher content of 
mineral and vitamin supplements. Mashes 
that contain 26 to 30 per cent of pro- 
tein are often called “supplements” and 
those containing 32 per cent or more of 
protein, “concentrates.” 

This method saves labor, and it is 
well suited for an inexperienced poultry- 
man. It is better adapted to a flock which 
has an inherited capacity for high egg 
production than to a flock which is less 
well bred. It is also most successful 
when moist mash is fed in addition to 
the dry feed, or when the mash is sup- 
plemented with liquid or condensed skim- 
milk or buttermilk, or with pellets. 

Several experiments have been con- 
ducted with laying hens to compare the 
free-choice feeding of grain and of mash 
with the feeding of a limited amount of 
grain and unlimited mash. 2 In some tests 
the results have been just as satisfactory 
with the free-choice method. However, 
in other trials the egg production has 
been lower and cannibalism and mortal- 
ity have been greater with this method 
than when only a limited amount of 
grain was fed in addition to mash. 

For example, the results have been 
decidedly better from limited grain feed- 
ing of pullets in tests during 7 years at 
the Ohio Station. 3 It was concluded 
from these experiments that rather than 
to full-feed grain separately, it was better 
to mix the whole grain and mash together 
in proper proportions, and then full-feed 
the mixture. This mixture may be fed 
once or twice daily in the amount that 
will be eaten before the next feeding 
period. 

1566. Wet mash. — Since the de- 
velopment of modern poultry rations that 
fully meet the nutritive requirements, 
the feeding of mash in wet form to lay- 
ing hens has become much less common 
than some years ago. Satisfactory feed 
consumption can generally be secured 
when a good dry mash is full-fed with 
grain in addition. 

If the hens do not eat the desired 
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amount of dry feed, it may stimu^v 
consumption to feed some of the mash in 
wet form once or twice a day, supply- 
ing only as much as will be entirely 
cleaned up. However, feeding wet mash 
requires more labor. In 3 North Dak A 4 
experiments with laying pullets, there 1 
was no advantage from the regular feed- 
ing of wet mash in addition to dry ^rnash 
and grain. 4 1 ^ ,, 

Often, supplemental wet mash is fed 1 
to layers in hot summer weather, in order 
to keep up feed consumption and to aid 
in keeping the hens from going into a 
molt. In 3 Oregon trials with yearling 
hens, such supplemental feeding of wet 
mash delayed molting and increased the 
net returns. 5 ^ 

1567. All-mash method. — In wB 
mash method of feeding laying hqifJBP’ 
single mash mixture is used, . whieir in- 
cludes all the grain as well ag^Sthe sup- 
plemental feeds. In addition, the hens 
may be given free access to a calcium 
supplement and grit, or the entire 
amount of calcium supplement needed 
may be included in the mash. 

This method has become much more 
common in recent years with the use of 
automatic feeding equipment in large 
scale poultry enterprises, and with the 
extensive adoption of laying batteries in 
some areas. It is used less frequently for 
layers housed in floor pens. 

Except where automatic feeders are 
used, the mash is fed dry in hoppers, to 
which the hens have access at all times. 
The grain is usually all ground, which 
slightly increases the cost. The mixture 
should not be too fine, or it will be less 
palatable. Sometimes whole grain, such 
as oats, is included in the mash. 

An all-mash ration must include the 
proper proportion of protein and vita- 
min supplements. Usually such a ration 
has about half as much of these supple- 
ments as a mash for feeding with scratch 
grain. 

If there is considerable trouble from 
disease in the flock, there may be an 
advantage in this method, because the 
feed is not contaminated by the litter, 
as may occur in the feeding of scratch 
grain. Also, the color of the egg yolks 
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Sn be controlled more uniformly with 
tiie all-mash method, because all of the 
hens must eat the same mixture of feeds. 

The all-mash method gives very 
satisfactory egg production when a high- 

? <mergy mash is used. If a bulkier mash 
l||ed, containing more fiber, it is difficult 
-- to maintain high egg production and 
keep up th& body weights of the birds, 
especially in cold weather. In recent New 
T York experiments, high egg production 
and satisfactory maintenance of body 
weight were secured on a high-energy, 
all-mash ration in winter, without sup- 
plemental feeding of pellets. 6 

In some experiments comparing the 
all-mash method with feeding whole 
grain in addition to mash, the results 
Mttge&een just as satisfactory from the 
JBftfsh rations, especially with high- 
■■ ' ipirgy mashes. 7 In tests with mashes hav- 
ing less productive energy, the egg pro- 
duction has often been appreciably 
lower with the all-mash method, even 
when pellets were fed in addition. 

A disadvantage of an all-mash ra- 
tion is that the litter is apt to become 
packed down and wet. More frequent 
cleaning of the pens is therefore often 
needed. Also, there is an added cost for 
grinding all the grain. 

When an all-mash ration is fed in 
fresh feed should be added 


hoppers, 

daily, and the feed should preferably be 
stirred up several times a day. 

1568. Use of artificial light. — Many 
poultrymen use electric lights to provide 
additional light in the laying house dur- 
ing the fall and winter, in order to 
lengthen the hours of light and thus 
secure more eggs when the price is usu- 
ally highest. Numerous experiments have 
been conducted to determine the effects 
of using artificial light for laying hens. 8 

The experiments have shown that in 
fall and winter, when the days are short, 
the egg production is appreciably in- 
creased by lengthening the time when 
it is light. However, the annual egg pro- 
duction is generally not increased, be- 
cause the hens do not lay so many eggs 
during the following spring and summer. 

It was originally believed that the 
increase in production thus secured was 


due to the lengthening of the time dur- 
ing which the hens were able to feed. 
Investigations have shown, however, 
that the additional light has a stimulat- 
ing effect on the pituitary gland and 
steps up its hormone secretion. 9 (54) 
This increases egg production, even when 
the hens are not allowed to eat additional 
feed. 

Generally, lights are used for a suf- 
ficient period each day to provide, to- 
gether with the daylight, about 13 to 
14 hours of light. In the most common 
method, the lights are turned on by an 
automatic clock device some hours be- 
fore daybreak, and then turned off when 
daylight comes. This method is about 
as effective as any. Where electricity is 
cheap, lights are sometimes used all 
night. 

A 40-watt bulb gives enough light 
for a pen of 50 to 100 hens. The light 
should be placed in the center of the 
pen, over the feeders and waterer. It 
should have a broad reflector to throw 
the fight toward the floor. 

When fights are used, the feeding 
schedule should be so arranged that the 
birds will have plenty of feed during 
the entire time that it is fight. For ex- 
ample, when fights are used early in 
the morning, grain for the morning feed- 
ing should be scattered in the fitter or 
be put in the feed hoppers in the eve- 
ning after the birds have gone to roost. 
It is important to regulate the feeding 
so that egg production will not be stimu- 
lated so much that the hens run down 
in condition. 


1569. Points in feeding and caring 
for hens. — The advantages of providing 
good pasture for poultry have been em- 
phasized in the previous chapter. ( 1546 ) 
Wherever it is possible, suitable uncon- 
taminated pasture should be provided 
for the laying flock. This will not only 
save feed, but will also make possible 
the use of a cheaper mash. 

The combination of good pasture 
and exposure to sunlight will largely 
take care of the vitamin requirements. 
Also, legume pasture or even young 
grass pasture helps meet the protein re- 
quirements. Therefore, less protein and 
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vitamin supplements are needed in a 
mash for hens on good pasture. Further- 
more, when hens have free range on first- 
rate pasture, no protein supplements of 
animal origin are necessary. The protein 
supplements can then be entirely soy- 
bean oil meal combined with other sup- 
plements of plant origin. 

When range is provided for the 
layers during the winter season, it is ad- 
visable during wet or rainy weather to 
keep the flock in the house until one 
o'clock in the afternoon, in order to re- 
duce the number of dirty eggs. The eggs 
should be gathered before the fowls are 
turned out. 

Plenty of fresh water should always 
be provided laying hens. (1541) As 
stated in the preceding chapter, grit 
should also be supplied. (1514) 

When laying hens are confined in 
laying cages or batteries, instead of being 
housed in the usual manner, special care 
is necessary to feed a ration that com- 
pletely meets their nutritive require- 
ments. The all-mash method of feeding 
is generally used. Fresh feed should be 
supplied each day, and feeders and water 
troughs must be kept clean. 

In a flock on a general farm it is 
generally best to use pullets instead of 
mature hens for egg production. On the 
other hand, the use of mature hens is 
highly desirable in constructive breed- 
ing. 

Pullets generally produce more eggs 
in a year and more eggs in the fall than 
do mature hens, but the eggs of pullets 
are smaller. If not enough good pullets 
are raised to replace the entire flock, 
good production can, however, be se- 
cured from carefully culled mature hens. 
In Michigan tests, the egg production 
per bird and the cost per dozen eggs 
were about the same for pullets and for 
selected mature hens. 10 

To save feed and reduce the cost 
of egg production, it is important to cull 
the flock carefully not later than March 
1. By examining each bird, an experi- 
enced poultryman can cull out the non- 
layers, as well as any birds which are dis- 
eased or injured. 

1570. Costs in egg production. — 

: ' ' if 1 r V* ; ^ 
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Feed is by far the largest item of 
pense in egg production. The cost f- 
feed will generally be slightly more than fj 
one-half of the total gross cost. Man 
labor is next in importance, forming 
about one-fourth of the total expensg. 
To the cost of feed and man labor 
be added the other expenses, inplucBig t 
the charge for the use of buildings, land, 
and equipment, the cost of chicks or 
hatching eggs purchased, expen JP^or 
tractor or horse labor and for use of auto- 
mobile and truck, interest on capital used 
in the enterprise, and miscellaneous ex- 
penses. r 

The cost of producing eggs will, of 
course, vary widely, depending ch illy 
on the prices of feeds and the co$j|rof 
labor. The cost per dozen eggs will fcte 
much less when the annual egg prodj* 
tion per hen is high than in a 'flock with 
poor egg production. Labor-saving equip- 
ment and efficiency in the use of labor 
are important in reducing the cost. 
Where egg production is the chief source 
of income or an important source, enough 
hens must be kept to utilize equipment 
and labor efficiently. 

The most extensive studies of the 
costs of egg production in commercial 
flocks have been by the N.Y. (Cornell) 
Station. 11 For many years costs have 
been determined on a large number of 
commercial poultry farms in the state. 
During this time the average annual egg 
production per hen has increased stead- 
ily, because of improved nutrition, breed- 
ing and management. 

For example, in 1926 the average 
was only 126 eggs per hen on the farms 
studied. By 1935, the average yield had 
increased to 150 eggs a year, by 1945 to 
172 eggs, and in 1952 to 188 eggs. 

In 1952, 113 lbs. of feed were con- 
sumed per hen a year, and 1.7 hours of 
labor were needed. Per dozen eggs, 7.2 
lbs. of feed and 0.11 hour of labor were 
required. 

The cost of feed was 60.4 per cent 
of the total cost; labor, 17.0 per cent; 
flock depreciation, 11.3 per cent; and 
other costs, 11.3 per cent. 

From these studies, a formula was 
developed for estimating the cost of 
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"jjodudng market eggs at any time in 
s^fnis area. 12 According to this formula, 
the average cost per dozen eggs is esti- 
mated as follows: Add together the cost 
lbs. of feed, 0.11 hour of labor, 
3.5 per cent of the farm value per 
(this item to cover flock replace- 
ments^ Increase this 

total by* 13; per cent to cover the other 
costs*: h 


the net returns per hen and per hour of 
labor in this study were decidedly greater 
from the Leghorn flocks than from the 
flocks of heavy breeds. 

The cost of raising pullets for re- 
placement was the same with the heavy 
breeds when straight-run chicks of both 
sexes were used, as it was in Leghorn 
flocks with sexed female chicks. 14 How- 
ever, when sexed female heavy-breed 
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A Well-Arranged Laying PIouse 

The equipment is arranged so that only the minimum amount of labor is needed in 
feeding and caring for the flock. (From Ogle, New York State College of Agriculture, 
Cornell University. ) 


In studies for 1950-51, Leghorn 
flocks producing market eggs averaged 
1,099 layers per flock, yielded 203 eggs 
per hen, and required 6.8 lbs. of feed 
per dozen eggs. 13 Flocks of heavy breeds 
averaged 820 layers per flock, yielded 
192 eggs per hen, and consumed 7.6 
lbs. of feed per dozen eggs. 

In the Leghorn flocks, the hens dis- 
posed of for meat averaged 4.7 lbs. in 
five weight and brought an average of 
$1.07. In the heavy-breed flocks, the 
hens sold averaged 6.5 lbs. and brought 
$1.98. 

Considering all costs and the re- 
turns for both eggs and for birds sold, 


chicks were reared, the cost per pullet 
was 9 per cent higher. The difference 
was due to good returns from the male 
chicks, sold as broilers, from the straight- 
run heavy-breed chicks. 

II. Raising Chickens 

1571. Selection of breeding stock. — 
Just as is the case with other livestock, 
good returns cannot be expected from 
poultry unless one has a flock of birds 
that have high productive capacities and 
strong constitutions. The feeding of an 
ideal ration and the best of care will not 
compensate for a lack of inherited pro- 
ductive capacity. 
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It is outside the scope of this volume 
to discuss the principles and methods of 
livestock breeding and selection. Only 
certain summary statements can there- 
fore be made concerning the selection of 
poultry for breeding. The fowls should 
be carefully selected for the following 
characteristics: 

The strain should produce strong, 
vigorous chicks that make rapid growth 
and mature early. The pullets should be- 
gin to lay in the fall and continue a high 
rate of production steadily through the 
winter, without any 4 winter pause.” The 
eggs should be of good size, shape, and 
color and of high hatchability. The strain 
should be resistant to disease, should not 
have a tendency toward cannibalism, and 
should be long lived. 

It will pay every poultryman who 
saves his own eggs for hatching to follow 
some method of banding throughout the 
year, in order to identify the hens that 
have these desirable characteristics. He 
will then be able to separate the best 
hens in the flock and to save eggs for 
hatching only from them. A close ob- 
server can usually distinguish between 
hens that are layers and those that are 
not. However, the breeder who wishes 
to build up a high-producing flock should 
not rely on observation alone, but he 
should install trap nests and find out 
not only which hens are laying, but also 
how many eggs each lays. 

Yearlings or older hens are much 
preferable to pullets for the production 
of eggs for hatching. They have proved 
their ability to live through the first year 
as layers, and have been retained for an- 
other year because they were good pro- 
ducers. Chicks from hens’ eggs are gen- 
erally larger than those from pullets’ 
eggs. Also, in Ohio tests, the mortality 
during the first year of pullet layers 
hatched from yearling hens’ eggs was 
considerably less than of pullets hatched 
from eggs produced by pullets. 15 

When chicks are purchased from a 
hatchery, one should be sure that they 
come from healthy, vigorous birds that 
have been bred for high production. 

1572. Feeding and management of 
breeding hens. — To secure eggs of high 


hatchability which will produce stroi^* 
vigorous chicks, the breeding hens muai i 
be fed a complete, well-balanced ration. 16 f 
Any deficiency, no matter whether of ; 
protein, minerals, or vitamins, is apt .to/ 
lower the hatchability seriously or to jjftgv 
suit in weak and unthrifty chicks, 
the production of high-quality hatching ' 
eggs, the breeding flock must not only 
be fed properly during the hatching sea- 
son, but also for some time previously. 

The hatchability is generally better ^ 
when the hens are fed a ration contain** 
ing a fair proportion of protein supple- 
ments of animal origin, such as jgllcby- 


ments of animal origin, such as jMpHby- 

products, meat scrap, and fish 

when it contains only plant-pmlefi^Bp- 

plements. It is stated in 

chapter that for breeding hens 

to be fed with - grain should »dJ|HL7 

to 10 per cent of animal-prof eirf^Rjj^Bi 

ments. ( 1501 ) For layers, 

hatching eggs, 5 to 7 per cent 

protein supplements is satisfactory^]! a 

mash to be fed with grain. 

In the production of eggs for hatch- 
ing, care must be taken to meet the 
mineral needs. Experiments have shown 
that a lack of calcium decreases hatch- 
ability. Also, as shown in the preceding 
chapter, 15 milligrams of manganese 
per pound of feed is needed in a ration 
for breeding hens to secure good hatch- 
ability. (1511) 

A deficiency of vitamins is prob- 
ably the factor that most frequently low- 
ers hatchability. An ample supply of 
vitamin A and of vitamin D is essential. 
However, no greater allowances of these 
vitamins are considered necessary for 
breeding hens than for hens producing 
market eggs, (1498) On the other hand, 
larger amounts of riboflavin, pantothenic 
acid, and folic acid are advised for breed- 
ing hens. 

Sunlight which has not passed 
through window glass provides vitamin 
D. In addition, certain experiments indi- 
cate that even when there is plenty of 
vitamin D in the ration, the hatchability 
is improved when hens are exposed to 
direct sunlight. 

Supplying breeding hens with fresh 
green feed tends to increase hatchability. 
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§\{hen this is not available, it is impor- 
tant to include in the ration a sufficient 
4motmt of alfalfa hay, alfalfa leaf meal, 
$4 a satisfactory substitute. 

„.* fTo secure high hatchability, the 
Ail Aiust be kept in good physical con- 
fdmmn. Before they can produce satisfac- 
tory eggs for hatching, yearling hens 
need a rest * period after heavy produc- 
tion in their pullet year. During this rest 
period, they molt, grow a new set of 
^feathers, regain any lost weight, and 
build up stores of nutrients in their 


3 months should be allowed 
for r^t period and for getting the 
into full production. The 
' ■ mH BK ? i is generally not satisfactory 
unl^^Ks have reached a good level of 
* s usuaI1 y higher for high 
&9H^P^:man for poor layers, 
j; T^p^pWaving eggs for hatching. — 
' To injure high fertility of eggs for hatch- 
ing, a sufficient number of well-bred, vig- 
orous roosters should be placed with the 
hens. With vigorous males, one is gen- 
erally provided for each 15 to 20 hens 
of the egg breeds, and for each 10 to 15 
hens of the general-purpose breeds. 

Although some fertile eggs may be 
produced about 24 hours after males have 
been placed with the hens, a satisfactory 
level of fertility is not likely to be reached 
until after about a week, and for maxi- 
mum fertility, 10 days may be needed. 

Medium-size eggs are best for hatch- 
ing. 17 The hatchability is usually lower 
from very small or from extremely large 
eggs. 

Care must be taken to keep eggs 
clean that are to be hatched. Eggs may 
be held, without any apparent loss of 
hatchability, for a week or even some- 
what longer at a temperature of 50 to 
55° F. before they are incubated. When 
eggs are thus- held, it is a good plan to 
stand them on the small end in ordinary 
egg case fillers. If eggs for hatching are 
held for more than a week or 10 days, 
they should be turned once a day. A 
simple way to turn eggs sufficiently in 
an ordinary egg case is to tilt the case 
daily by placing a block under one end 
of the case. 


1574. Best time for hatching 
chicks. — In order to secure the best re- 
turns from egg production, it is im- 
portant that the chicks be hatched early 
enough in the spring so that the pullets 
will lay well in fall and early winter, 
when egg prices are ordinarily highest. 
Too often, at this time the pullets in farm 
flocks have not begun to lay, and the 
old hens are not laying, but are molting. 

Pullets of the lighter breeds, such as 
Leghorns, should come into laying 
when 5 to 6 months old, and those of 
the heavier breeds, when 5% to 6% 
months old. 

Another advantage of early-hatched 
chicks is that those which are hatched 
late generally do not do so well as early 
chicks, because of the hot weather in 
summer. A third advantage of early- 
hatched chicks is that the males may be 
sold as broilers early in the season when 
prices are usually slightly higher than 
later. 

In commercial poultry plants, some 
pullets are often reared at other seasons 
of the year. This makes it possible to 
replace birds that die or are culled out; 
to secure more uniform egg production 
throughout the year; to make more effi- 
cient use of labor and brooding equip- 
ment; and to secure a greater number of 
offspring from the fowls of outstanding 
merit. 

In a New York survey of the results 
on large-scale poultry farms, it was found 
that fall-hatched pullets, put into the lay- 
ing house in April, produced a greater 
net return than spring-hatched pullets. 18 
However, where the winter chmate is 
cold, unless excellent facilities are pro- 
vided for raising fall-hatched pullets, 
they are apt to be much less satisfactory 
than those hatched in the spring. 

1575. Hatching the chicks. — In all 
intensive poultry districts of the United 
States, incubators have replaced hens for 
hatching chicks. However, in some sec- 
tions of the country a considerable per- 
centage of the chicks are still hatched by 
hens. 

Modem incubators are easy to operate, 
if the directions furnished with the ma- 
chine are carefully followed. After each 
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hatch, the incubator should be thor- 
oughly cleaned and disinfected to pre- 
vent the spread of disease. Before put- 
ting in the eggs, the temperature should 
be checked for at least a day to see that 
the regulator is adjusted. 

The eggs are tested during incuba- 
tion, and all infertile eggs and those 
with dead embryos are removed. The 
hatch should be completed by the end 
of the twenty -fir st day of incubation. 
None of the chicks should be taken out 
of the incubator until they have dried 
off and are “fluffed out.” When they are 
removed, they should be placed where 
they will not be chilled. 

At elevations of 5,000 feet and 
above, the hatchability of eggs is com- 
monly much lower than at low eleva- 
tions. In recent experiments it has been 
found that this is due to the reduced 
oxygen content of the air at the high 
elevations . 10 By increasing the oxygen 
in the incubator air approximately to the 
percentage at sea level and also con- 
trolling the carbon dioxide content, nor- 
mal hatchability is secured. 

1576. Hatching eggs with hens. — 
When eggs are hatched with hens, clean 
nests should be prepared in a dark, cool, 
well-ventilated, and quiet place. The 
nest should be about 16 inches square. 
It should be of such depth that the 
chicks cannot fall out at hatching time, 
while it is shallow enough so that the 
hen will not have to jump down into 
the nest. It is best to place the nest box 
on the floor so the hen can get into it 
readily. 

Oat straw is the best nesting ma- 
terial, and wheat straw, hay, or leaves 
are preferable to shavings. The straw or 
hay should be cut into 6 -inch lengths if 
it is too long. It is well to place a 
hollowed-out sod or some soil in the 
bottom of the box, to provide moisture. 
The straw should be put over this and 
rounded into a nest shape, with the 
nest a trifle deeper in the center than 
it is at the sides, to keep the eggs from 
rolling out. 

The hens should be examined care- 
fully for lice. If any are found, the hens 
should be dusted thoroughly with sodium 


fluoride powder before setting them, 
again after 10 days. This will rid tne 
hens of lice and prevent the chicks*-., ber 
coming infested. 

After /placing 2 or 3 nest eggs in 
each nest, the hens are moved .togjL 
nest just at dark. The next day' 
should be taken off and given feed and 
water. If they do not return ’ to the 
nests in 20 to 30 minutes, the$? must be 
driven back or caught and confined to 
the nest. As soon as the hens settle down* 
they should be given the eggs. Until 
hatching starts, the hens should betaken 
off or allowed to come off daily. * 

The hens should be fed whole or 
cracked grains, such as com or wheat, 
and occasionally some green feed. *~he 
feed should be kept near, so that 3 
hens will not have to leave their 
for a long time to get feed. Grit 
fresh water should be placed where 3 
hens can get them when they come off 
the nests daily. 

1577. Artificial brooding. — When a 
large number of chicks are raised, brood- 
ers are generally used instead of rearing 
the chicks with hens . 20 By this method the 
chicks can be raised at any desired time, 
and much labor is saved. Brooders are 
of three types — portable brooders, con- 
tinuous brooder houses, and battery 
brooders. Except in very large poultry 
plants, the portable brooders are most 
common. These can be moved to fresh, 
uncontaminated ground each year, so 
that the chicks can be raised under the 
most favorable conditions. Brooders are 
usually heated by coal, oil, or electricity. 

Before the chicks are put into the 
brooder, the house, the hover, and all 
utensils should be carefully cleaned and 
disinfected, if the brooder has been used 
before. One should be sure that the house 
is free of mites. 

Chicks are generally left in the in- 
cubator 24 to 36 hours after hatching, 
before they are removed to the brooder. 
This should have been in operation for 
2 to 4 days before the chicks are placed 
in it, in order to see that the temperature 
is regulated properly. 

The first day, the brooder is kept at 
a temperature of 94° or 95° F. The 
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temperature may then be lowered uni- with fine litter, such as cut straw, shav- 
forjti^ly about 0,8° F. a day until it ings, cut alfalfa or clover hay, peat moss, 
reaches 70° F. or finely ground corn cobs. Sometimes 

, .'\.The heat is usually discontinued sand is used. Combustible litter must be 
.^h^n'the chicks are well feathered. Early kept away from the stoves. An advan- 
^®he spring it nyiy be needed for 8 to tage of using cut alfalfa or clover hay 
F if. weeks in the northern states, and for for the first 3 or 4 days is that it is partly 
only 4 to 6 fveeks later in the season. digestible and is not apt to cause im- 
^Jaejchlcks should have chick starter paction if the chicks eat it. 
and watfi or milk available as soon as For disease control, it is important 

they are placed in the brooder house. To to keep the litter dry. A layer of 2 to 3 


A Simple Electric Brooder 

The chicks are in a clean house with clean litter. Note the chick guard around the hover, 
the waterer in the right foreground, and the feeders for the chick starter. ( From Ogle, New 
York State College of Agriculture, Cornell University.) 

keep them from straying away from the inches of litter is enough at first, but by 

hover to the corners of the house, a the time the chicks are 8 to 10 weeks 

guard of one-half inch wire mesh should old, the litter should be 4 or 5 inches 

be placed around the hover and 2 or 3 deep. The litter should be stirred up 

feet from its edge. This may be covered daily to keep it dry. Any wet litter 

with burlap sacking at first to protect around the drinking fountain should be 

the chicks against cold floor drafts. The replaced with fresh material or with dry 
space inside is gradually enlarged, and litter from other parts of the floor, 
the guard is usually removed when the In suitable weather at 5 to 6 days 

chicks are about a week old. Pieces of of age, when the chicks have learned 

wire mesh or else boards should be where to go to get warm, they may be 

placed across the corners of the house to allowed to run out into a small outdoor 

prevent the chicks from crowding into yard. A sloping runway should be made 

the corners and some being smothered by piling dirt in front of the chick door, 

by the piling up. so the chicks can readily get in and out 

The floor of the brooder under and of the brooder house. After the chicks 

around the hover should be covered learn how to find their way back to the 
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house, the enclosure can be removed and 
the chicks allowed to range at will. 

Low roosts should be placed in the 
brooder house when the chicks are 3 to 
4 weeks old, so that they will learn to 
roost at an early age. This will prevent 
them from crowding together on the 
floor at night, and becoming overheated 
or even smothered. In hot weather good 
ventilation of the house is essential. 

It is best to separate the males 
which are to be sold as broilers by 8 
weeks of age, if they can be identified. 
They can then be fed a broiler mash until 
they are sold, while the pullets are fed 
a growing mash and otherwise managed 
for the production of layers. 

1578. Brooding chicks with hens. — 
In rearing chicks with hens, the essen- 
tials are few. A quiet, motherly hen 
should be placed in a portable coop 
which will allow the chicks free range 
but in which the hen can be confined if 
desired. The coop should protect the 
hen and the chicks from the weather 
and from enemies, and should be located 
on a grassy, shady range. Early in the 
season, it is usually best to have board 
bottoms in the coop, but later in the 
season and in dry weather this is not 
necessary. When board bottoms are 
used, they should be covered with cut 
litter or sand, which should be changed 
at least once a week. When no bottoms 
are used, the coop should be moved to 
a fresh spot at least every other day. 
This will prevent killing the grass and 
will fertilize a larger area. 

As soon as the chicks are 10 days 
old, the mother hen may be turned 
loose toward night and allowed to run 
with the brood. She can be given her 
liberty during the day when the chicks 
become accustomed to following her. On 
most farms, the hens with their broods 
can be moved to some field where they 
can find a large part of their living. 

As soon as the chicks are old enough 
to look out for themselves, which will 
be in 4 to 6 weeks in warm weather, 
the hen may be removed. The chicks 
will do better by themselves, and the 
hen will start laying sooner if separated 
from the chicks. 


When the chicks are hatched ip 
incubators or are purchased from hatch- 
eries, broody hens are sometimes tiled 
to raise the chicks. They are each given 
a couple of chicks to test them out ju$t 
at dark, and early the next morning Jjf£r 
best mothers are selected and Jlch \ 
given from 12 to 20 chicks. 

1579. Nutrient requirements of 
chicks. — Because of the discoveries made 
concerning the nutrient requirements of 
poultry, it is now possible to raise thrifty 
chicks at any time of the year, and even 
in confinement and without any fresh 
green feed. The requirements of chicks 
and also of older fowls for 'the various 
nutrients have been considered in detail 
in the preceding chapter. . m 

It will be noted that the commits# 
of the National Research Council recom- 
mends that chick starters for fee"* 
chicks during the first 8 weeks should 
contain 20 per cent protein. { 1498 ) For 
chicks from 8 to 18 weeks of age, ra- 
tions containing 16 per cent protein are 
advised. 

It has been pointed out previously 
that chickens fed a high-energy ration 
need a slightly higher percentage of pro- 
tein than do those fed rations containing 
more fiber. (1499) Consequently, the 
rate of gain may be a little more rapid 
on a high-energy ration, especially for 
chicks of the heavier breeds, if the ra- 
tion has at least 21 per cent of protein 
for the first 6 to 8 weeks, and then at 
least 17 per cent. 

Mashes for chicks to 8 weeks of age 
should preferably have not less than 5 
to 7 per cent of protein supplements of 
animal origin. (1501) Mashes to be fed 
with scratch grain to growing chickens 
after 8 weeks should have at least 5 to 
7 per cent of animal-protein supplements. 

Chicks and growing chickens need 
a decidedly smaller percentage of cal- 
cium in their rations than do laying 
hens. As stated previously, 1.0 per cent 
of calcium is sufficient. (1508) 

Rations for chicks and growing 
chickens should have at least 0.6 per 
cent phosphorus, and at least 0.45 per 
cent should be inorganic phosphorus. 

( 1509 ) 
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If liberal amounts of animal-protein 
supplements are included in rations for 
ghjfeks, there may be an ample supply 
of phosphorus. On the other hand, it will 
coxnmpnly -be necessary to include a 
.jHcium supplement in the ration. It is 
/important to include one-quarter pound 
of manganese sulfate in each ton of 
chick mash> to insure an adequate 
amoun| lianganese. (1511) 

It will be noted in the preceding 
chapter that chicks require less vitamin 
A and vitamin D per pound of feed 
than do laying hens. (1517, 1519) On 
the other hand, chicks up to 8 weeks 
of age need a larger allowance of ribo- 
flavin per pound of feed than hens re- 
quire. (1520) 

The importance of vitamin B 12 , of 
me unidentified vitamins or factors, and 
rtf other vitamins for chicks has been dis- 
in detail in the preceding chapter. 
(1523-1529) 

Proper growth of chicks cannot be 
expected unless they are fed a ration 
that amply meets their requirements. 
Often fanners who feed good chick 
starters during the first few weeks, sub- 
stitute only farm grains for the more 
expensive chick mash when the chicks 
are 2 to 4 weeks old. 

A North Dakota test shows the poor 
results produced by this practice. 21 
Chicks fed only grain after they were 
3 weeks old averaged only 0.82 lb. in 
weight at 11 weeks of age, while others 
fed a well-balanced mash averaged 1.95 
lbs. Both groups were then fed a bal- 
anced ration, but at 22 weeks of age 
the pullets which had been fed only 
grain for a time were 0.7 lb. lighter 
than those fed properly at all times. Also, 
three-fourths of the pullets fed in- 
adequately for a time had crooked 
breast bones, and their bones were 
weak. 


1580. Feeding the chicks. — Baby 
chicks should be given feed and water 
as soon as they are placed in the brooder. 
Some years ago it was a common prac- 
tice to withhold feed from chicks for 
60 to 72 hours after hatching. During 
this time they secure nourishment from 
the remainder of the yolk, which is 


drawn into the body just before hatch- 
in g* 

While strong chicks can usually go 
without feed for this length of time with- 
out injury, it is difficult for some to 
stand the strain. Investigations have 
shown that it is decidedly preferable to 
supply feed as soon as the chicks are 
put in the brooder. Otherwise, they are 
apt to eat litter and droppings. The 
ability of chicks to live for a few days 
upon the remainder of yolk within their 
bodies makes it possible to ship baby 
chicks from hatcheries for a considerable 
distance. 

The feed for baby chicks should be 
easily accessible, and there should be 
plenty of feeding space, so that they will 
. learn to eat readily. About 1 inch of 
feeder space should be allowed per 
chick to 2 weeks of age, and 2 inches 
after that. 

For the first 2 or 3 days, some of 
the chick mash, or chick starter, should 
be fed twice a day in small trough 
feeders about 1 inch deep and 2 or 3 
inches wide. Sometimes chicks are given 
their first feeds on newspaper or card- 
board. However, there is then danger 
of the droppings becoming mixed with 
the feed, which may spread disease. 
When the chicks have learned to eat, 
larger trough feeders should be used, 
with guards to prevent the chicks getting 
into the feed. Such feeders lessen feed 
wastage and keep the droppings out. 

As soon as the chicks have learned 
to eat from the feeders, both the feeders 
and the fountains should be placed on 
platforms which are 6 inches high and 
covered with wire or slats. This prevents 
the litter from being scratched into the 
feeders or fountains, and the chicks do 
not come in contact with the wet spots 
where water may be spilled from the 
fountains. 

After the chicks are 8 or 10 weeks 
old, larger feeders are used. If the chicks 
have outside range, most of the feeding 
may be done in protected outdoor feed- 
ers. Even then, it is well to have one 
feeder in each brooder house for rainy 
days. 

For the first 4 to 8 weeks, chicks 
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are generally fed only chick starter, or 
chick mash. After this, a common 
method is to feed chick-size grain in 
addition to mash. However, many poul- 
trymen continue the all-mash method 
during the entire growing period. All- 
mash rations are generally used in 
broiler production. Sometimes the mash 
for chicks is fed in the form of pellets 
or crumbles. (1544) 

If the rations are equally well bal- 
anced, the results are about equal from 
all-mash rations for raising chicks, and 
from feeding grain in addition to mash, 
after the chicks are 4 to 8 weeks old. 22 
As stated previously, chick starter mashes 
for the first 8 weeks should have not 
less than 20 per cent protein. After about 
8 weeks of age, grower mashes for all- 
mash feeding should have at least 16 per 
cent protein. 

Mashes for feeding with grain must 
be higher in protein and in mineral and 
vitamin supplements than a mash used 
in the all-mash method. 

When grain is fed in addition to 
mash, chick-size grit should be supplied. 
(1514) In all-mash feeding, the entire 
amount of calcium supplement needed 
is included in the mash, and no grit is 
necessary. 

Occasionally, there is trouble from 
diarrhea in chicks during the first week, 
which causes the condition known as 
“pasting up.” This seems to be most apt 
to occur on a mash high in soybean oil 
meal. Experiments have shown that the 
trouble can usually be prevented by 
feeding only chick-size scratch grain, or 
else grain in addition ' to mash, during 
the first 2 or 3 days, instead of mash 
alone. 23 

Liquid skimmilk or buttermilk is 
excellent for chicks, and may be given 
as the only drink for the first 3 to 4 
weeks. At 4 weeks of age pullets should 
get water in addition, so as to reduce 
the protein content of the ration and 
prevent too rapid development. Cock- 
erels intended for broilers may get only 
milk to drink until they are sold. 

Fresh, uncontaminated range should 
be provided for the chicks as soon as 
the weather is suitable. While chickens 


can be raised in confinement when a 
complete ration is fed, the pullets ‘will 
commonly be much more thrifty $nd 
also more productive if they have been 
raised on good range. Raising chickens 
in confinement is preferable, hawevjjjc, 
to allowing them to become diseased 
and infected with parasites by ranging"* 
over badly contaminated ground! If fresh 
range cannot be provided for clicks, it 
is the best plan to let them have access 
during the day to a sun porch floored 
with wire netting. 

Several example rations for .efiicks 
are given in Appendix Table Vlf which 
are adapted to various sections',. oj| the 
country. Statements are also thefe jifedc 
concerning the ways in which thele na- 
tions may be changed to adapt them to 
local conditions. 


V 


1581. Raising pullets an , 
els. — Wherever possible, the jjjKcts 
should be reared in a movable 
house on clean, uncontaminated paffiure. 
They should be kept entirely separate 
from the older chickens, so as to avoid 
the spread of disease and parasites. 

The pullets must be fed liberally, 
so that they will make good growth and 
be ready to start laying in the fall The 
most common method of feeding is to 
supply a suitable mash in hoppers and 
also a mixture of grain. Sometimes the 
all-mash method of feeding is used. 
Water and grit should be accessible at 
all times, and oyster shell or some other 
calcium supplement should be provided 
separately, if a sufficient amount is not 
included in the mash. 

In a recent Wisconsin experiment 
pullets were raised to 20 weeks of age 
on an all-mash, corn and vegetable- 
protein ration with a vitamin B 12 sup- 
plement. 24 Other groups received rations 
containing also an antibiotic supplement 
and, in addition, fish solubles or fish meal 
to supply unidentified growth factors. 
After 20 weeks all groups were fed a 
complete, well-fortified laying ration. 

The pullets raised on the complete 
rations were heavier at 20 weeks, and 
slightly heavier at a year of age. There 
were no appreciable differences in the 
amount of feed required per pound of 
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gain, ..by the different groups. The pullets hens, to avoid the spread of disease and 
fec|fhe first ration started laying 10 to parasites. 

IMlays later than those fed the complete The greatest danger of feather pick- 

ration, but they laid about as many eggs ing and cannibalism developing comes 
dwing'.the laying year. the first few weeks after the pullets are 

SiSnetimes' the raising of pullets on put in the laying house. Common causes 
#a Moderately; restricted amount of feed are overcrowding or an inadequate ra- 
is advocated.* However, this delays the tion. 

beginning of laying, and it does not seem The cockerels to be retained for 

to mak® toy appreciable saving in the breeding are usually selected at the 
total amount of feed consumed up to the broiler stage. They should be chosen 
beginning of egg production. 25 on the basis of vigor, rapid growth, 


Brooder Houses with Sun Porches 

Rearing chickens in confinement in this manner is advisable only when fresh, uncon- 
taminated pasture cannot be provided. (From Hurd, New York State College of Agriculture. 
Cornell University. ) 


Experiments show that when pullets 
have unlimited range on excellent pas- 
ture, such as Ladino clover or Ladino 
and grass, they may make satisfactory 
growth and develop properly when fed 
only grain with mineral supplements 
after they are 7 to 10 weeks of age. 26 
Sometimes, however, pullets thus fed 
will not grow so rapidly or start laying 
so soon. 

The pullets should be moved to the 
laying house 1 to 3 weeks before they 
are ready to lay. They should always 
be handled carefully, so that they do not 
become frightened. If possible, the pul- 
lets should be housed separately from 


early feathering, moderate comb de- 
velopment, and good pigmentation of 
shanks. It is desirable to retain three 
times as many cockerels as will be need- 
ed for breeding, so that later they can 
be thoroughly culled. The cockerels 
should have a separate range, and should 
be fed about the same as the pullets. 

In the case of breeds which have 
large combs, many poultrymen dub the 
combs and wattles of cockerels that are 
to be retained for breeding. This means 
that most of the comb and wattles are 
cut off, in order to avoid injury later 
from freezing or fighting. Males which 
have been dubbed are usually in better 



Arrangement for Watering Broilers in Large Plant 

In large-scale broiler production, feeding and watering facilities are provided to save 
as much labor as possible. 
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l cal broiler production are: (1) High- 
"f er n'gy rations, which are necessary for 
a*|naximum rate of growth and for effi- 
dehcy of gains; (2) protein of excel- 
quality, which furnishes plentiful 
*amoifiits of the essential amino acids; 
(3) a proper supply of minerals; (4) 
ample amounts of the various needed 
vitamins, including vitamin B 12 and also 
the unidentified vitamins or factors; (5) 
an effective antibiotic feed supplement. 
All these requirements for rapid and effi- 
cient growth have been fully discussed 
previously. 

The remarkable increase in effi- 
ciency of broiler production made pos- 
sible by the recent discoveries in poul- 
try nutrition has been pointed out in the 
previous chapter. (1495) Only a few 
ye^rs ago more than 4 lbs. of feed were 
required on good rations per pound of 
broiler marketed. Now broilers have 
been produced on modem, complete ra- 
tions with only 2.2 lbs. of feed per 
pound of gain. 

All-mash rations are generally used 
for broilers, and this method of feeding 
is usually continued until the broilers 
are marketed. When the chicks are about 
6 weeks old, cracked grain is sometimes 
fed in hoppers, in addition to the mash. 
This method produces good results when 
a mash is used that contains about 20 
per cent or more protein. 28 

Broilers with yellow color in the skin 
and shanks are preferred on the market. 
Therefore, a sufficient amount of feeds 
that produce yellow color in body tis- 
sues should be included in the ration, 
such as yellow com, corn gluten meal, 
and alfalfa meal or alfalfa leaf meal. 
(1518) 

1584. Fattening or finishing chick- 
ens. — When the surplus cockerels are 
marketed as broilers, they can be sold 
direct from the range if they are in good 
flesh, or they may be put in pens or 
crates and fed a special fattening ra- 
tion for 10 to 14 days or longer. Such 
a ration is fed when fattening capon- 
ettes, or hormonized broilers. (1540) 
Also, fattening rations are used for the 
production of capons, and hens and 
roosters are often fattened thus before 
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they are marketed, in order to improve 
the quality of the carcasses. 

In such fattening the mash may be 
mixed to a batter with skimmilk, but- 
termilk, or water, so the birds will 
eat more feed than if fed a dry mash. 
The birds are started on the fattening 
ration carefully, and then after 2 to 4 
days they are given twice a day or often- 
er as much of the batter as they will 
clean up. Supplying water or milk to 
drink is unnecessary, except in hot weath- 
er, because of the large amount of liq- 
uid in the batter. 

The ration need not be so nutri- 
tionally complete during this brief fat- 
tening period as in the growth period. 
It generally consists mostly of finely- 
ground grains. Fat is sometimes added 
to the mash in order to increase the pro- 
ductive energy, and thus hasten the fat- 
tening. (1506) No fish oil or fish meal 
should be included in a fattening ration, 
to avoid danger of tainting the meat. It 
is not necessary to supply grit or oyster 
shell during the fattening period. 

1585. Growth of chickens and feed 
required. — The publication on “ Nutrient 
requirements for poultry” by the special 
committee of the National Research 
Council, to which references have been 
made previously, gives the estimates on 
the next page of the ages at which chick- 
ens should reach certain live weights. 29 
Also, the approximate amounts of feed 
are stated, which are required per bird to 
reach these live weights. 

The table shows that White Leg- 
horn females should reach an average 
weight of 2.5 lbs. at 14.6 weeks of age, 
and males at 11.1 weeks. The females of 
the heavy breeds should reach a weight 
of 3.0 lbs. at 11.3 weeks, and the males 
at 10.0 weeks. 

Up to a weight of 2.5 lbs., White 
Leghorn females will eat approximately 
10.6 lbs of feed, and males 8.1 lbs. To 
a weight of 3.0 lbs., females of the 
heavy breeds will consume about 10.0 
lbs. of feed, and males about 8.0 lbs. 

III. Turkeys 

1586. Production of turkeys. — The 
great increase in the production of tur- 
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keys for meat which has occurred in this 
country during recent years has been 
made possible only through the dis- 
coveries concerning poultry nutrition and 
disease prevention. Instead of being only 
a holiday treat, turkey meat has now be- 
come a staple and economical food. 

It will be noted in Chapter XII that 
according to recent estimates by Jen- 
nings of the United States Department 
of Agriculture, turkeys rank next to pigs 
in the efficiency with which they convert 


parasites. This system is preferred when 
uncontaminated pasture is not available. 

In the semi-confinement system Ae 
day-old young turkeys, called poults, 
started in a brooder house, with or', 
out an attached sun porch. In order to 
avoid disease and parasites, they are ryet 
permitted to touch the ground until they 
are old enough to go on fresh, uncon- 
taminated pasture, usually at 8f to 12 
weeks of age. This system is. commonly 
preferred when clean pastures are avail- 


Age to reach certain live weights , and feed required 


Average 

Age at which the live weight 
is reached 

Quantity of feec 
bin 
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their feed into protein and energy in 
food for humans. (352) 

It was formerly considered impos- 
sible to raise turkeys successfully unless 
they had free range. However, when 
free range was provided, there were 
often very serious losses from blackhead 
or other diseases or from infection with 
internal parasites. 

With the development of modern, 
complete rations for poultry, it was found 
that thrifty turkeys could be raised en- 
tirely in confinement or in semi- 
confinement. These results have made it 
possible to raise turkeys commercially on 
an intensive basis in sections where 
former attempts at large-scale turkey 
production often failed. 

One method of raising young tur- 
keys is to confine them in the brooder 
house and an adjoining sun porch floored 
with wire netting until they are ready 
for market. The house is cleaned regu- 
larly to prevent the spread of disease or 


able, and when enough turkeys are 
grown to warrant the extra work of feed- 
ing and caring for them on the pasture. 

1587. Nutrient requirements of tur- 
keys. — Largely because they grow more 
rapidly than chickens, poults require a 
greater percentage of protein in their 
ration than do chicks. 30 Also, their re- 
quirements, per pound of feed, for cal- 
cium, phosphorus, vitamin A, vitamin D, 
and riboflavin are higher than those of 
chicks. 

The nutrient requirements of tur- 
keys, as stated in the revised 1954 re- 
port of the special committee of the 
National Research Council, are shown 
in the following table. It should be noted 
that these revised standards are estimates 
of the minimum requirements, and they 
do not include any margins of safety, 
such as there are generally in other 
feeding standards for cattle, sheep, 
horses, and swine. 

In making up practical rations, the 
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amounts of nutrients provided should 
be sufficiently greater than these mini- 
pi "requirements to cover variations 
[the composition of feeds and differ- 
djr in the requirements of individual 
birds; f 1498 ) 

% On * comparing the requirements 
stated in : this table with the requirements 
of chickens |vhich are given in the pre- 


to 8 weeks of age, and 20 per cent from 
8 to 16 weeks of age. The recommended 
level of protein in rations for poults is 
therefore considerably higher than for 
chicks. (1498) Breeding turkeys need 
only 15 per cent of protein in the ra- 
tion, which is the same percentage re- 
quired by hens. 

The special committee of the Na- 


t 

K 
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Nutrient requirements of turkeys 1 


Potal protein, per cent 2 . 
fftamins 

xf Vitamin A activity ( U.S.P. Units. ) 3 . 

'f Vitamin D ( International Chick Units ) 

£ Riboflavin, mg 

Pantothenic acid, mg 

Choline, mg 750 

E Folacin, mg A 

inerals 

Calcium, per cent ...... 

Phosphorus, per cent 5 

Manganese, mg 

Salt, per cent 6 

l These figures are estimates of requirements and include no margins of safety. 

2 The protein content of rations for growing turkeys from 16 weeks to market weight may be reduced to 
16 per cent. 

3 May be vitamin A or carotene. 

4 This amount of calcium need not be incorporated in the mixed feed, inasmuch as calcium supplements 
fed free choice are considered as part of the ration. 

5 At least 0.50 per cent of the total feed of starting poults should be inorganic phosphorus. All of the 
phosphorus of non-plant feed ingredients is considered to be inorganic. Approximately 30 per cent of the 
phosphorus of plant products is non-phytin phosphorus and may be considered as part of the inorganic 
phosphorus required. Presumably a portion of the requirement of growing and breeding turkeys must 
also be furnished in inorganic form. 

6 This figure represents salt or sodium chloride added as such or in marine or fermentation products of high 
sodium chloride content. 


Starting 

poults 

0-8 weeks 

Growing 
turkeys 
8-16 weeks 

Breeding 

turkeys 

28 

20 

15 

2400 

2400 

2400 

400 

400 

400 

1.7 

. ? 

1.5 

5.0 

? 

? 

750 

? 

? 

0.4 

? 

? 

2.0 

2.0 

2.25^ 

1.0 

1.0 

0.75 

25 

? 

15 

0.5 

0.5 

0.5 


ceding chapter, it will be noted that 
the requirements of poults for protein, 
vitamin A, vitamin D, riboflavin, calcium, 
and phosphorus are decidedly higher 
than those of chicks. (1498) Breeding 
turkeys require about the same propor- 
tion of protein as do breeding hens, but 
hen turkeys need more vitamin A and 
vitamin D. 

Experiments have shown that the 
vitamin D in cod-liver oil or sardine oil 
has a lower relative efficiency for turkeys 
than it does for chickens, in compari- 
son with the efficiency of vitamin D in 
the form of activated animal sterol. 
( 202 ) 

1588. Protein; amino acids. — The 
previous table shows that poults require 
28 per cent of protein in the ration up 


tional Research Council states the re- 
quirements of certain of the essential 
amino acids in a 28-per cent-protein 
starting ration for poults to be as fol- 
lows: Arginine, 1.6 per cent; glycine, 
1.0 per cent; isoleucine, 0.84 per cent; 
lysine, 1.5 per cent; methionine, 0.87 
per cent, or else methionine, 0.52 per 
cent, plus cystine, 0.35 per cent; and 
tryptophan, 0.26 per cent 29 

The manner in which an amino acid 
deficiency can be corrected in a practical 
poultry ration has been discussed in the 
preceding chapter. ( 1503 ) 

In recent experiments with poults 
fed a corn-soybean oil meal type start- 
ing ration, satisfactory growth was se- 
cured with only 20 per cent protein, when 
pure methionine and lysine, two of the 



988 


FEEDS AND FEEDING 


essential amino acids, were added. 31 
This indicates that the need for the high 
level of 28 per cent protein in the usual 
practical rations is to supply sufficient 
of these amino acids. Synthetic methio- 
nine is now available commercially at a 
price that makes its use practicable in 
correcting a methionine deficiency in 
poultry rations. However, the cost of syn- 
thetic lysine is yet much too high to 
make its use practicable. 

The results of the experiments in 


Turkey poults can make good growth on 
rations containing a higher percentage 
of fiber than is satisfactory for chicks 
However, with a high level of fiber c(jr*£ 
siderably more feed is required, pff, 
pound of gain. High-energy rations are 
therefore generally more economical, un- 
less a ration lower in productive energy 
is much cheaper. 34 ^ 

In a Pennsylvania trial with turkey 
pullets a ration supplying 882 Calories 
of productive energy per pound was 



Young Turkeys on Good Range 

Note the waterer in the foreground, which is on a platform covered with wire mesh. 
(From Smith, New York State College of Agriculture, Cornell University.) 


which methionine has been added to 
practical rations for poults have been 
similar to the trials with chicks or broil- 
ers. 32 (1504) In the majority of the 
tests the feed efficiency has been im- 
proved slightly, and in some the rate of 
gain has been increased a little. 

It has been found that a deficiency 
of lysine in the ration causes a bleach- 
ing of the feathers of Bronze poults, 
resulting in some white feathers. 33 This 
can be prevented by including in the ra- 
tion a sufficient percentage of feeds high 
in lysine, such as meat scrap, tankage, 
fish meal, or dried skimmilk. 

1589. Fiber; high-energy rations. — 


compared with rations having lower 
energy contents. 35 The feed efficiency 
and the hatchability of the eggs were 
best on the high-energy ration. However, 
there was not much difference in the 
e gg production, the fertility of the eggs, 
or in the maintenance of body weight 
on the various levels of energy. 

A Utah experiment shows that after 
poults are 8 weeks old, they will make 
satisfactory growth on a ration contain- 
ing as much as 35 per cent of good- 
quality alfalfa meal. 36 The rate of gain 
to 29 weeks of age was as high as with 
less alfalfa meal, and only a little more 
feed was required per pound of gain. 
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1590. Minerals.— The requirements 
of turkeys for calcium, phosphorus, man- 
<|anesie, and salt are shown in the previ- 
Ji|s table of “Nutrient requirements of 
(1587) It will be noted that 
in rations for poults to 8 weeks of age 
and also for growing turkeys 2.0 per cent 
of calch$m is required. This is double the 
percentage ijeeded by chickens. 

The requirement for phosphorus is 
also much higher than for chickens, 
being 1.0 per cent of the ration for young 
poults and also for growing turkeys. 

Turkeys cannot tolerate as high a 
level of salt as can chickens. For ex- 
ample, in a Texas experiment including 
S’ per cent of salt in a ration for poults 
caused heavy mortality. 37 More than the 
recommended percentage of salt, 0.5 per 
cent, should not be added to the ration. 

'i 1591. Vitamins. — Turkeys require 
the same vitamins as do chickens, and 
the detailed discussions in the preced- 
ing chapter concerning the various vita- 
mins for chickens apply in the main to 
turkeys as well. However, as will be 
noted in the table of nutrient require- 
ments of turkeys, their requirement for 
the different vitamins is greater than in 
the case of chickens. (1498, 1587) 

For example, poults up to 8 weeks 
old and also growing turkeys from 8 to 
16 weeks of age need 2,400 U.S.P. Units 
of vitamin A activity per pound of ra- 
tion. This is twice as much as required 
by young chickens. The vitamin A re- 
quirement of breeding turkeys is also 
highe. than for hens. 

The vitamin D requirement of 
young turkeys is especially high, being 
400 International Chick Units of vitamin 
D per pound of ration, while young 
chickens need only 90 Units. Breeding 
turkeys also require 400 Units per pound 
of ration, which is nearly twice as much 
as hens need. 

A deficiency of vitamin D or lack 
of calcium or phosphorus causes rickets 
in growing turkeys, and a deficiency of 
the vitamin in hen turkeys results in 
thin-shelled eggs and poor hatchability. 

Experiments have shown that the 
vitamin D in cod-liver oil has a lower 
relative efficiency for turkeys than it 


does for chickens, in comparison with the 
efficiency of vitamin D in the form of 
activated animal sterol. 38 

Young turkeys need somewhat more 
riboflavin per pound of ration than do 
young chickens, as will be noted in the 
tables of nutrient requirements. Also, 
the riboflavin requirement of turkey 
poults seems to be increased when an 
arsonic supplement is added to the ra- 
tion. 39 

Sometimes young turkeys are af- 
fected seriously by the “enlarged hock 
disorder” a few weeks before they are 
ready for market. This condition is differ- 
ent from perosis, or slipped tendon. The 
trouble seems to be due partly to a 
deficiency of an unidentified vitamin or 
factor, as the addition of 5 per cent of 
brewers' yeast has been effective in pre- 
venting it in some experiments. 40 In New 
York studies the adding of niacin, as well 
as brewers' dried yeast, was more effec- 
tive than dried yeast alone. 41 On the 
other hand, in a Washington trial the 
addition of niacin to a ration did not 
prevent enlarged hocks. 42 

1592. Antibiotic feed supplements. 
— A detailed discussion of antibiotic feed 
supplements in poultry rations has been 
given in the preceding chapter. (1533- 
1535) The results from including an 
antibiotic supplement in rations for poults 
and growing turkeys have been similar 
to those secured with chicks and broil- 
ers. 43 An effective antibiotic supplement 
usually seems to increase the rate of gain 
of poults even more than that of chicks. 

Just as in the experiments with 
chicks, streptomycin has in most trials 
with poults been less effective than peni- 
cillin, aureomycin, terramycin, or baci- 
tracin. Also, as with chicks, in some 
trials a combination of antibiotic supple- 
ments has not been superior to a single 
effective antibiotic supplement. 

An antibiotic supplement produces 
the most marked increase in growth of 
poults up to an age of about 8 weeks. 
However, the best results are secured 
when the use of the supplement is con- 
tinued until the turkeys are marketed, 
just as in the case of broilers. 

In the few experiments in which an 
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antibiotic supplement has been added to 
rations for hen turkeys, the results have 
differed, like the results of the trials 
with hens. 44 It therefore seems doubtful 
whether the use of an antibiotic supple- 
ment for hen turkeys will usually be eco- 
nomical. 

Most of the antibiotic supplements 
are antibiotic-vitamin B 12 feed supple- 
ments, which supply not only an anti- 
biotic or antibiotics, but also vitamin 
B 10 . The effect of such a supplement ob- 
viously may be due to the vitamin as 
well as to the antibiotic. 

1593. Arsonic supplements. — The 
use of arsonic supplements in rations 
for poultry has been discussed in the 
preceding chapter and also in Chapter 
XXIII. (1536, 967) Very few experi- 
ments have thus far been reported in 
which these supplements have been 
tested in rations for poults. 45 

In these trials certain arsonic sup- 
plements, but not others, have tended 
to increase the feed efficiency slightly 
and also in some cases to improve the 
gains a little. 

1594. Hormones. — The effects of 
certain synthetic sex hormones on poul- 
try have been discussed in the preceding 
chapter. ( 1540 ) It is there shown that 
implanting a pellet or paste of diethyl- 
stilbestrol (commonly called “stilbes- 
trol”) under the skin of the head or 
upper neck a few weeks before slaughter 
usually improves the market finish of 
cockerels and increases the fatness and 
tenderness of the meat. Sometimes this 
treatment is combined with the addition 
of thiouracil to the ration during the 
finishing period. 

Similar results have been secured 
in a few trials with young turkeys or with 
hen turkeys which are marketed at the 
end of the laying season. 46 

1595. Essentials in turkey produc- 
tion. 47 — For success in turkey produc- 
tion, it is even more necessary than with 
chickens that great care be taken to pro- 
vide certain essentials. 

Because the requirements of poults 
for protein, minerals, and vitamins are 
considerably greater than are those of 


chicks, the ration must fully meet these 
needs. V 

Strict sanitation is essential, ons^here 
may be very serious losses from disease! 
All equipment, including waterers 
feeders, should be cleaned anc| :; ’ disin- 
fected regularly. This applies afeo to the 
incubator and to the brooder hopses, be- 
fore each use. 

Feeders and waterers should be 
placed on screen or slat platforms, to 
prevent contamination from feces. On 
the range, feeders and waterers should 
be moved frequently. The poultsjjlRffluld 
be fenced away from the dropping 
der the roosts. 

Turkeys should be kept/ enti 
separate from all chickens, de\ 

birds should be burned, or dl^e • bury 
in fields that will not be used 
for 2 years. Screen-floored siafipb ? 
attached to the brooder houses aidX^ 
preventing infection from feces during 
the first few weeks. 

For turkeys, only clean range should 
be used which has had no poultry on it 
for 2 years. The range should be well 
drained and have no stagnant water. 
Shade should be provided to prevent 
heat prostration. If possible, birds on 
range should be rotated to fresh areas 
dining the season. 

1596. Feeding growing turkeys. — 
Turkey poults may be fed the same sort 
of rations as chicks, except that the pro- 
portions of protein, mineral, and vitamin 
supplements should be larger, as shown 
previously. Generally, poults are fed a 
dry turkey-starter mash alone for the 
first few weeks. Chick-size grain may be 
supplied in addition, after the birds are 
2 weeks old, and whole grain when they 
are about a month older. 

The mash, or the ingredients, except 
oats, should not be ground very fine, and 
the mash should not be sticky when 
moistened. Otherwise, it may stick to 
the beaks of the poults. 

During the first few weeks, oats 
should be included in the starter mash 
only if they are very finely ground, or 
pulverized. In Ohio and Texas experi- 
ments mashes with 10 to 20 per cent 
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of coarsely ground oats caused digestive 
disturbances and heavy mortality. 48 

# After the poults are 8 weeks of 
e‘ the turkey-starter mash is usually 
placed by a growing mash, which is 
lower in protein. A mixture of whole 
gfain is "commonly fed in addition, but 
sometimes 2 or more kinds of whole 
grain are fed instead. Many turkey pro- 
ducers feed pellets in addition to mash, 
or in place of it. 

Grit is fed fco poults once or twice 
a week, or else supplied in separate hop- 
pers^^Jnless the mash contains ample 
{ ' ’ llfh, * oyster shell or limestone grit 

dd be ■* furnished. Plenty of water 
^ Juld always be accessible. 

0 Wheiji turkeys are reared in confine- 
re mt, it induces the cost and improves 
cei -A growth if they are fed fresh green 
It is estimated that excellent 
pasture^ such as has been previously 
recommended, may save 10 to 20 per 
cent of the concentrates required when 
turkeys are reared in confinement. 49 
(1547) 

If turkeys have been raised on a 
good ration, they need little or no special 
fattening duiing the last few weeks be- 
fore they are marketed. Because of the 
danger of producing a fishy flavor in 
the flesh, turkeys should not be fed 
either fish meal or cod-liver oil or other 
fish oil, for at least 4, and preferably 
8 weeks, before they are marketed. 

Instead of marketing turkeys as 
roasters, at the usual age of about 28 
weeks, a few producers market turkey 
broilers or fryers at the early age of 14 
to 16 weeks. 

1597. Feeding breeding turkeys. — 
Breeding turkeys may be fed much the 
same as hens, except that their rations 
should have somewhat more vitamin A, 
vitamin D, and phosphorus. They should 
not be given so much feed that they 
become too fat, or they may not lay 
well in the spring. 

s* About a month before egg produc- 
tion is desired, electric lighting is used, 
to provide 12 to 14 hours daylight. At 
this time, the birds are changed from 
the growing mash to a breeder mash. 

The birds should consume about 


equal weights of mash and grain. If they 
tend to eat too much grain, the grain 
hoppers can be kept open only part of 
each day. 

IV. Ducks; Geese 

1598. Ducks. — When ducks are 
raised for the production of meat, the 
ducklings are generally marketed at 10 
to 12 weeks of age, weighing 5 to 6 
lbs. A sandy soil is best for duck farms, 
and the ducks should have access to a 
body of water, if possible. A somewhat 
isolated location is desirable, as large 
flocks of ducks are noisy, and the pens 
may have an unpleasant smell in sum- 
mer. 

1599. Feeding breeding ducks. — 
The older method of feeding breeding 
ducks was to feed a wet mash in the 
morning and in the afternoon, and also 
to feed a mixture of grains in addition. 
This method has been largely replaced 
by the labor-saving method of feeding 
dry pellets in hoppers, with grain fed in 
hoppers in addition. 

The feed hoppers are kept open not 
more than an hour in the morning and 
2 hours in late afternoon. About 90 lbs. 
of pellets are fed to each 10 lbs. of grain 
during the laying season, and 50 lbs. of 
pellets to each 20 lbs. of grain during 
the rest of the year. 

A popular mash for the mash- 
feeding method has the following in- 
gredients per ton of feed: so 425 lbs. 
ground yellow corn, 300 lbs. wheat 
bran, 200 lbs. wheat standard middlings, 
300 lbs. wheat red dog, 200 lbs. low- 
fiber ground oats, 150 lbs. soybean oil 
meal, 75 lbs. meat scrap, 120 lbs. al- 
falfa meal, 150 lbs. dried skimmilk, 70 
lbs. pulverized limestone, and 10 lbs. 
salt. The mash should have about 18 per 
cent total protein and should contain 
650 A.O.A.C. chick units of vitamin D 
per pound. If green feed is available, the 
alfalfa meal may be omitted. 

The ducks should eat about twice 
as great a weight of mash as of grain. 
They should be provided with oyster 
shell or high-grade limestone grit, and 
also with granite grit and screened 
gravel. Good pasture is very desirable 
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for raising breeding ducks, if it can be 
provided. 

1600. Feeding ducklings. — As in 
the case of breeding ducks, the feeding 
of dry pellets in hoppers has largely re- 
placed the feeding of wet mash on com- 
mercial duck farms. 

Much less information is available 
concerning definite nutrient requirements 
of ducks than for chickens, or even 
turkeys. The special committee of the 


niacin previously stated for ducklings 
is twice as high as for chicks. 

In the pellet-feeding method 
ducklings have access at all times to dry. 
pellets, fed in hoppers, and to water. No * 
grain is fed separately. At first "starting 
pellets” are fed, and when the ducklings 
are 2 weeks old, ""duck grower” pellets 
are used. For the final 2 weeks of fatten- 
ing, these are replaced by fattening pel- 
lets. 



A Duck Farm on Long Island, New York 


Many large-scale duck farms are located on Long Island, where the conditions are very 
favorable for duck production. (From Hurd, New York State College of Agriculture, Cornell 
University, New York. ) 


National Research Council gives the fol- 
lowing estimates of certain nutrient re- 
quirements in rations for ducklings, per 
pound of feed: Total protein, 17 per 
cent; vitamin D, 100 International Chick 
Units; riboflavin, 1.8 milligrams; panto- 
thenic acid, 5.0 milligrams; niacin, 25.0 
milligrams; and pyridoxine, 7.2 milli- 
grams. 29 

A bowed-leg disorder in ducklings 
raised on wire mesh floors has been 
found in New York studies to be due 
apparently to a niacin deficiency. 51 This 
was prevented by adding 10 milligrams 
of synthetic niacin per pound of ration, 
or else 5.0 to 7.5 per cent of brewers’ 
dried yeast, which is rich in niacin. Be- 
cause of these results, the amount of 


In the older method the ducklings 
are raised on a wet mash which is fed 
4 or 5 times a day during the first week 
and then 3 or 4 times daily. Any feed 
left should be removed after each feed- 
ing. No grain is fed, but chopped fresh 
green feed or cooked vegetables are 
sometimes supplied. 

A suitable mash for the first 6 weeks 
contains the following ingredients per 
ton: 50 690 lbs. ground yellow corn, 300 
lbs. wheat bran, 200 lbs. wheat standard 
middlings, 300 lbs. wheat red dog, 150 
lbs. soybean oil meal, 100 lbs. meat 
scrap, 120 lbs. alfalfa meal, 100 lbs. 
dried skimmilk, 30 lbs. pulverized lime- 
stone, and 10 lbs. salt. After the duck- 
lings are 6 weeks old, the amount of meat 
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: scrap may be reduced to 75 lbs., the 
alfalfa meal to 100 lbs., and the dried 
skirapfilk to 50 lbs., while the ground 
ef’ljbniis increased to 785 lbs. 

J&v An antibiotic feed supplement ap- 
■' parently has very much less effect upon 
ducklings than in the case of poults or 
chicks. 52 

1601. Geese. — Geese are generally 
raised where they can have good range 
or pasture, and where the mature geese 
pick up most of tiheir living, except dur- 
ing the winter. Geese do not do well 
ffe confinement. When pasture is no 

£ available, the geese should have 
pughage as vegetables, alfalfa or 
legume hay, silage, or chopped 
:oyer. Enough grain, such as oats 
‘HV* wheat or barley should be fed 
p the geese in thrifty condition. 
3 fprP the laying season starts, the 
of grain should be increased 
and ja mash should be fed once a day. 
A duck or hen mash is satisfactory. Grit 
and oyster shell should be supplied at 
least when the geese are laying, and 
preferably at all times. Water for drink- 
ing should always be provided. 

The goslings may be fed a chick 
or duckling mash in wet form, or they 
can be started on stale bread soaked in 
milk or water, or on such a mash as 4 
parts of ground corn and 1 part of wheat 
middlings. Plenty of green feed should 
always be supplied. After 2 to 3 weeks, 
the goslings will not need any mash if 
they have plenty of grass or other good 
pasture. 

Differing from the results with 
ducklings, an antibiotic feed supplement 
appreciably increases the rate of growth 
of goslings. 53 

For about 2 or 3 weeks before the 
young geese are marketed, they may be 
fattened by confining them in pens and 
feeding them liberally. A common ration 
is one feeding a day of a moist mash 
(such as two-thirds ground corn and 
onp-third wheat middlings), with two 
feedings a day of a mixture of corn and 
other grains. 

QUESTIONS 

1. What grains are used chiefly for feeding 


poultry in your region? What is the 
relative feeding value of these grains? 

2. About how much feed is needed daily per 

100 hens, at 50 per cent egg produc- 
tion; by hens of the light breeds; by 
hens of the heavy breeds? 

3. Describe the mash-and-scratch-grain 

method of feeding laying hens. 

4. What is the advantage and what is the 

disadvantage of feeding a limited 
amount of grain in hoppers, instead of 
in the litter? 

5. Discuss the free-choice method of feed- 

ing layers. 

6. When is the use of wet mash advanta- 

geous? 

7. Discuss the advantages and disadvan- 

tages of all-mash rations for layers. 

8. Discuss the use of artificial light for lay- 

ers. 

9. What are the chief items of expense in 

producing eggs, and what proportions 
are they of the total gross cost? 

10. What are some of the important points 

to consider in selecting breeding 
stock? 

11. How should rations for breeding hens 

differ from rations for the production 
of market eggs? 

12. State the important points in saving eggs 

for hatching. 

13. At what time of year should pullets for 

egg production ordinarily be hatched? 

14. Describe the method of hatching eggs 

with hens. 

15. Describe: (a) The artificial brooding of 

chicks; (b) brooding chicks with hens. 

16. Discuss the nutrient requirements of 

chicks. 

17. State the important points in feeding the 

chicks. 

18. Discuss the raising of pullets and cock- 

erels. 

19. Describe the usual method used in broil- 

er production. 

20. About how much feed is required per 

pound of live weight in the production 
of broilers? 

21. How do turkeys rank with other livestock 

in the efficiency of meat production? 

22. Compare the nutrient requirements of 

young turkeys and of chicks. 

23. Describe the 2 systems commonly used 

in raising turkeys. 

24. Discuss the requirements of poults for: 

(a) Protein and amino acids; (b) en- 
ergy; (c) minerals; (d) vitamins. 

25. What results have been secured from 

adding an antibiotic feed supplement 
to rations for poults? 
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26. What use is sometimes made of hor- 

mones in producing market turkeys? 

27. State some of the essentials for success 

in turkey production. 

28. Discuss the feeding of: (a) Growing 

turkeys; (b) breeding turkeys. 

29. What 2 methods are used in feeding 

breeding ducks? 

30. Describe the methods of feeding duck- 

lings. 

31. What important differences are there in 

the feeding of geese and chickens? 
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§> Table I. Average Composition of American Feeds; Digestible 
* » ' Nutrients; Mineral and Fertilizing Constituents; 


Digestion 

New compilation of composition and 
digestibility of fe-eds. — In order to pre- 
sent as accurate and complete informa- 
tion^lpossible concerning the composi- 
tion^ : all our important feeds, a new and 
exhaustive compilation of available data 
has been made for this volume. 

The first compilation of analyses of 
American feeds made by the author and 
associates was published in 1915 in the 
. "Vi edition of Feeds and Feeding . This 
Wdo superseded by a new compilation 
published in 1936 in the 20th edition of 
Feeds and Feeding. In turn, this was 
replaced by another new compilation 
published in 1948 in the 21st edition of 
the book. The work on this one table 
has now extended over a period of more 
than 40 years. 

The great mass of data utilized in 
the preparation of this table is evident 
from the fact that time equivalent to one 
person working steadily for more than 
twelve years has been required in the 
compilation and averaging of the data. 

The author wishes to acknowledge 
the invaluable help rendered by his wife, 
Elsie B. Morrison, and by his son, Dr. 
Spencer H. Morrison, in the compilation 
of these and other data. His son, Roger 
B. Morrison, also aided in previous com- 
pilations. 

Sources of data. — These compila- 
tions include analyses published in the 
bulletins and reports of the State Ex- 
periment Stations, the United States De- 
partment of Agriculture, the Depart- 
ments of Agriculture of certain states, 
and various scientific journals. Data for 
a Tew feeds, for which American analyses 
are not available, have been taken from 
foreign sources. 

Recent analyses of some feeding 
stuffs show that the composition has 


Coefficients 

changed since the previous compilations 
were published. In all such cases, the 
older analyses have been discarded, and 
the new averages are based on only the 
recent analyses. 

In certain feeds, the change in com- 
position has been due to the general 
introduction of new varieties. The most 
striking example of this is dent corn. 
The present hybrid varieties, which are 
now generally grown, are decidedly lower 
in protein than the older open-pollinated 
varieties. (682) 

In the case of certain by-product 
feeds, the composition has been changed 
appreciably by modifications in the manu- 
facturing processes. Thus, the fat con- 
tent of various oil meals produced by 
the expeller process or by the hydraulic 
process is lower than some years ago. 

Where information is available, sepa- 
rate averages are given for the various 
grades of a feeding stuff. Thus, separate 
averages are given for the most important 
forage crops cut at different stages of 
maturity; for hay of various qualities; 
for high-grade and lower-grade concen- 
trates of the same name; etc. In this table 
the scientific names of the various plants 
are not stated where they are given in 
the discussion of the particular feeds in 
the body of the text. 

Cooperation with National Research 
Council. — The Committee on Feed Com- 
position of the National Research Coun- 
cil, of which the author is a member, 
undertook some years ago a compilation 
of the data concerning the composition 
of American concentrates. These data 
were secured chiefly from feed manu- 
facturers who cooperated in the under- 
taking. 

In order to present the most com- 
prehensive data possible, unpublished 
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data which were compiled by the Com- 
mittee were combined with data com- 
piled by the author and associates. It 
was planned that the complete combined 
data would be published by the Com- 
mittee and also in Feeds and Feeding. 

Unfortunately,, the Committee was 
unable to finish the compilation and to 
publish it in complete form. This was 
because of the sudden death of Mr. 
Frank E. James, the secretary of the 
Committee, who had compiled most of 
the data. Also, funds were insufficient 
to complete the undertaking, except for 
the detailed study of the composition of 
dent corn, which has been mentioned 
previously. (682) 

The Committee has recently been 
able to undertake another compilation 
of the composition of American feeds, 
because of funds furnished by the United 
States Department of Agriculture. The 
author has again made available to Mr. 
Donald F. Miller, technical secretary of 
the Committee, data which has been 
compiled for this 22nd edition of Feeds 
and Feeding. 

A preliminary report on the com- 
position of concentrate by-products has 
recently been issued by the National Re- 
search Council, and other reports are in 
preparation. The author has used data 
from the report on concentrate by- 
product feeds in the compilation of Ap- 
pendix Tables IV and V. 

Dry matter, digestible protein and 
total digestible nutrients. — The figures 
for dry matter, digestible protein, and 
total digestible nutrients are printed in 
bold-face type and are given first in this 
table, since these are the figures com- 
monly used in computing balanced ra- 
tions. Explanations of the methods of 
computing digestible protein, total di- 
gestible nutrients, and nutritive ratios 
are given in Chapter III. (63, 65) 

The figures for digestible nutrients 
have been computed by means of the 
digestion coefficients obtained in experi- 
ments with cattle and sheep. However, 
these figures may also be used in com- 
puting rations for horses and swine and 
according to the feeding standards given 
in Appendix Table III. (62) Where no 


digestion coefficients are available for a 
feed, or such data seem unreliable/ u the 
digestion coefficients for a similar feed., 
have been used and that fact is indicated 
by an asterisk (*). „ If— 

Digestion coefficients. — Where re- 
liable digestion coefficients are rayailabje 
for a feed, the average digestion coem- % 
dents are given on the right-hand page 
of the table, opposite the average analy- 
sis of the feed, which is shown on the 
left-hand page. These /averages are for 
the experiments conducted 
and sheep. Relatively few digedBH» 
periments have been conduQtd®SHBRli 
other livestock. 

The author and associate have 
brought down to date for tjW'Volume 
their compilation of the digfestthrit coeffi- 
cients secured in experiments' djlftduete ’ 
in this country. For some feeds Ifp 
data on digestibility are lacking, c 
inadequate in amount. In these cases t^e 
author has been aided by a comprehen- 
sive compilation made by Dr. B. H. 
Schneider of digestion coefficients se- 
cured in experiments not only in this 
country but also in other countries. This 
compilation, entitled Feeds of the World , 
Their Digestibility and Composition , was 
published by West Virginia University in 
1947. 

For a considerable number of feeds, 
the digestion coefficients given in Feeds 
and Feeding are taken, with Professor 
Schneider's permission, from his compila- 
tion. Such cases are indicated by a dag- 
ger (f) after the ‘number of trials." 

Where Dr. Schneider s data are used 
in this table, the coefficients obtained in 
experiments with cattle and with sheep 
have been combined. These are given 
separately in Professor Schneiders pub- 
lication. The coefficients for cattle and 
sheep have been combined in this table 
because experiments have shown there 
is less difference in digestibility of most 
feeds by cattle and by sheep than there 
is in digestibility by individual animals 
of the same species. (106) 

In the compilation of American di- 
gestion coefficients made by the author 
and associates, some of the older data 
have been discarded. These experiments 
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were conducted many years ago, before 
tMT discoveries had been made concern- 
* ing the importance of vitamins and min- 
erals fn animal nutrition. Perhaps for this 
reason, in some cases these old digestion 
coefficients do not agree with our present 
Miowfed^e concerning the actual values 
^ of certain feeds for livestock. 

Miipral and fertilizing constituents. 
— Detailed information is given in Ap- 
pendix Table IV N concerning the mineral 
contgnt of the important feeds. For con- 
**|se in computing rations, the per- 
]p , .> of calcium and of phosphorus 
E various feeds are also given in 
Appen Table I, so far as data are 


availabl 


a2. nd 



forage percentages of nitrogen 
;iim are also given, so that the 
yalue or the manurial value of 


the various feeds can be readily deter- 
mined. (988) 

Variations in composition. — In using 
this table it must be borne in mind that 
individual lots of any particular feeding 
stuff may differ in composition from the 
average, as has been shown previously. 
(96-100) In the case of roughages, the 
variations are apt to be especially large 
in the content of calcium and of phos- 
phorus. Also, much less information is 
available concerning the mineral content 
of various feeds than concerning the 
amounts of other nutrients they contain. 
The figures for calcium and phosphorus 
therefore merely indicate the approxi- 
mate percentages that are present in the 
different feeds when produced on soil 
reasonably well supplied with these min- 
erals. 
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mi 
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Table I. Average composition and digestible nutrients 



Total 

Dig. 

Total 


jf Average total composition 

Feeding stuff 

dig. 

Nutri- 





e Miner c 


dry 

pro- 

nutri- 

tive 

Pro- 



N-fre 

rt No. of 


matter 

tein 

ents 

ratio 

tein 

Fat 

Fiber 

extrac 

t matte 

anal. 

Dry Roughages 

Per ct 

Per ct 

Per ct. 

1: 

Per ct 

Per ct 

Per ct 

. Per ct 

. Per ct 


Alfalfa hay, all analyses 
Alfalfa hay, very leafy 

90.5 

10.9 

50.7 

3.7 

15.3 

1.9 

28.6 

36.7 

8.0 

" 1,288 

(less than 25% fiber) 
Alfalfa hay, leafy (25- 

90.5 

12.8 

52.7 

3.1 

17.5 

2.4 

22.7 

39.5 

8.4 

219 

28% fiber) 

90.5 

11.7 

51.2 

3.4 

16.0 

2.1 

27.2 

36.8 

8.4 

294 

Alfalfa hay, good ( 28- 

31% fiber) 

Alfalfa hay, fair (31- 

90.5 

10.2 

50.3 

3.9 

14.6 

1.8 

29.6 

36.5 

8.0 

u 823 


34% fiber) 

90.5 

9.7 

50.3 

4.2 

13.7 

1.7 

31.8 

36.0 



Alfalfa hay, stemmy 


tfr 







(over 34% fiber) . . 

90.5 

8.2 

46.3 

4.6 

12.3 

1.4 

35.9 

33.4 

7.5 

132 

Alfalfa hay, before bloom 
Alfalfa hay, %o to *4 

90.5 

13.0 

52.1 

3.0 

18.6 

2.6 

23.7 

37.0 

* 8,6 

23 

bloom 

90.5 

11.2 

51.4 

3.6 

15.4 

1.6 

28.5 

36.7 

8.3 

j 68 

Alfalfa hay, % to full 








bloom 

90.5 

10.2 

50.3 

3.9 

! 14.1 

1.9 

30.2 

36.3 

’8.0 

by.. _ 

Alfalfa hay, past bloom 
Alfalfa hay, barn-dried, 

90.5 

9.3 

47.7 

4.1 

12.9 

2.1 

31.8 

36.3 

7.4 

11 

good 

S9.3 

13.1 

50.4 

2.8 

17.7 

1.8 

26.8 

36.2 

6.8 

43 

Alfalfa hay, brown . . . 

87.9 

9.2 

44.0 

3.8 

! 17.3 

1.6 

24.5 

35.1 

9 4 

3 

212 

Alfalfa leaf meal, good * 
Alfalfa leaf meal, dehy- 

92.3 

16.0 

56.7 

2.5 

; 21.1 

2.8 

16.6 

39.7 

12.1 

drated * 

92.7 

16.0 

57.2 

2.6 

21.1 

3.3 

17.5 

39.3 

11 5 

14 

Alfalfa leaf meal, high 







in fiber * 

91.9 

14.5 

52.9 j 

2.6 

19.8 

2.9 

20.8 

37.8 

10.6 

74 

Alfalfa leaves 

Alfalfa meal, dehydrated, 

89.4 

17.3 

! 57.7 

2.3 

22.2 

2.8 

13.9 

40.6 

9.9 

57 

all analyses 

Alfalfa meal, dehydrated, 

92.7 

12.4 

54.4 

3.4 

17.7 

2.5 

24.0 

38.4 

: 10.1 

535 

20% protein grade * 
Alfalfa meal, dehydrated, 

92.2 

14.7 

56.1 

2.8 

20.2 

2.8 

20.0 

38.3 

10.9 

60 

20% protein guaran- 
tee, fat added * . . . 
Alfalfa meal, 17% pro- 

93.0 

16.6 

56.9 

2.4 

22.7 

3.5 

18.5 

37.1 

11.2 

7 

tein guarantee * ... 
Alfalfa meal, dehydrated, 

92.7 

12.3 

54.2 

3.4 

17.6 

2.4 

24.6 

38.0 

10.1 

74 

17 % protein guaran- 
tee * 

Alfalfa meal, dehydrated. 

92.8 

12.3 

54.4 

3.4 

17.5 

2.5 

24.5 

38.3 

10.0 

449 

17 % protein guaran- 
tee, fat added * . . . . 

94.2 

12.5 

56.3 

3.5 

17.9 

4.2 

24.3 

38.3 

9.5 

12 

Alfalfa meal, 15% pro- 







tein guarantee .... 
Alfalfa meal, dehydrated, 

91.6 

10.8 

52.8 

3.9 

15.0 

2.0 

27.9 

37.9 

8.8 

61 

15% protein guaran- 
tee * 

Alfalfa meal, 13% pro- 

92.6 

11.1 

53.2 

3.8 

15.9 

2.5 

25.5 

39.6 

9.1 

(SSL 

tein guarantee * . . . . 
Alfalfa pellets, 17% pro- 
tein guarantee * ... 
Alfalfa stem meal * . . . 

90.7 

10.0 

49.7 

4.0 

14.3 

1.7 

29.5 

36.1 

9.1 

205 

90,6 

91.0 

12.5 

6.1 

53.5 

42,0 

3.3 

5.9 

17.8 

11.9 j 

2.9 

1.4 

24.1 

35.2 

36.5 

35.1 

9.3 

7.4 

5 

75 




APPENDIX 

Table. I. Average composition and digestible nutrients 


deeding -stuff 

Djjr Roughages 
Alfalfa hay, all analyses 
* Alfalfa hay, very leafy 
(less than 25% fiber) 
Alfalfa ha^, leafy ( 25- 

28% fiber) 

Alfalfa hay, good ( 28- 

stemmy 

(over 34% fiber) . . 
Alfalfa hay, before blooir 
Alfalfa hay, Ho to H 

bloom . 

Alfalfa hay, % to full 
•uorci . 


Alfalfa hay, barn-dried, 

good 

Alfalfa hay, brown . . . 
Alfalfa leaf meal, good 
Alfalfa leaf meal, de- 
hydrated 

Alfalfa leaf meal, high 

in fiber 

Alfalfa leaves 

Alfalfa meal, dehy- 
drated, all analyses . 
Alfalfa meal, dehydrated, 
20% protein grade . 
Alfalfa meal, dehy- 
drated 20% protein 
guarantee, fat added 
Alfalfa meal, 17% pro- 
tein guarantee 

Alfalfa meal, dehy- 
drated, 17% protein 

guarantee 

Alfalfa meal, dehy- 
drated, 17% protein 
guarantee, fat added 
Alfalfa meal, 15% pro- 
tein guarantee 

Alfalfa meal, dehy- 
drated, 15% protein 


Mineral and fertilizing constituents | 

Digestion coefficients 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


1.47 

0.24 

2.45 

1.97 

71 

30 

45 

70 

587 

1.61 

0.24 

2.80 

1.95 

73 

31 

45 

71 

79 

1.31 

0.24 

2.56 

1.99 

73 

30 

44 

71 

118 

1.22 

0.22 

2.34 

1.97 

70 

31 

46 

69 

114 

1.13 

0.20 

2.19 

1.78 

71 

27 

45 

70 

49 

1.07 

0.19 

1.97 

1.68 

67 

18 

45 

64 

55 f 

2.22 

0.33 

2.98 

2.14 

70 

23 

53 

68 

32 

1.47 

0.24 

2.46 

1.97 

73 

27 

46 

71 

50 

1.22 

0.22 

2.26 

1.97 

72 

35 

44 

70 

17 

1.10 

0.20 

2.06 

1.73 

72 

28 

46 

62 

6 f 



2.83 


74 

18 

58 

58 

4 

1.37 

0.26 

2.77 

• • 

53 

1 

46 

67 

7 

1.69 

0.25 

3.38 

« » 







2.22 0.24 3.55 2.06 78 

1.60 0.26 2.83 . . 70 

1.74 0.28 3.23 

3.63 

1.58 0.26 2.82 

1.58 0.26 2.80 


Alfalfa meal, 13% pro- 
tein guarantee 

Alfalfa pellets, 17% 
protein guarantee . . . 
Alfalfa stem meal 


78 

27 

56 

76 

18 1 

70 

44 

48 

73 

50 


36 47 72 


1.38 0.25 2.54 2.14 

2.29 



FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 


Average total composition 


Feeding stuff 

Dry Roughages — Cont. 

Alfalfa stems 

Alfalfa straw * 

Alfalfa and bromegrass 

hay 

Alfalfa and grass hay * 
Alfalfa and timothy hay * 
Alfilaria, dry ( Erodium 

cicutarium ) * 

Alfilaria, dry, mature * 
Atlas sorghum fodder * 
Atlas sorghum stover * 

Barley hay 

Barley straw 

Bean hay, mung * . . . . 
Bean hay, tepary * . . . 
Bean vines, snap, de- 

hydr.* 

Bean pods, field, dry * 

Bean straw, field 

Beggarweed hay * . . . . 
Bentgrass hay, Colonial 
Bermuda grass hay, 

common, good 

Bermuda grass hay, 
Coastal, fertilized 

with nitrogen 

Bermuda grass hay, 
Coastal, no nitrogen 

fertilizer * 

Bermuda grass hay, 

poor * 

Berseem, or Egyptian 

clover hay 

Birdsfoot trefoil hay . . 
Black grass hay 
( J uncus Gerardi) *. . 
Rluegrass hay, Canada 
Bluegrass hay, Ken- 
tucky, all anal 

Bluegrass hay, Ken- 
tucky, in seed * ... 
Bluegrass hay, native 

western * 

Bluejoint hay ( Cala - 
magrostis Canadensis ) 
Bluestem hay ( Andro - 
pogon , spp.) * .... 
Bromegrass hay, 
smooth, all anal. . . . . 
Bromegrass hay, smooth, 
before heading * .... 


Total Dig. dig. Nutri- 

dry pro- nutri- tive Pro- 
matter tein ents ratio tein 


Per ct. Per ct. 

5.1 41.2 

4.7 42.6 

7.6 47.9 

7.7 48.3 

7.9 48.2 


6.3 50.8 


3.3 45.2 

2.1 40.7 

9.0 51.9 

9.8 55.0 

5.0 55.0 

2.8 53.3 

4.8 54.8 

2.0 40.1 

6.7 52.6 

4.8 50.7 

1.7 39.2 

5.3 49.3 

9.6 55.9 


1 : Per ct. 

7.1 10.0 

8.1 9.2 

5.3 11.8 

5.3 12.0 

5.1 12.3 

5.3 10.9 

22.2 3.5 

14.5 5.3 

35.7 3.5 

12.0 7.3 

59.3 3.7 

6.7 9.7 

3.2 17.1 

2.8 18.3 


Mineral 

matter 

No. of 
anal. 

Perct.jjj 

6.1 

‘ 54 

6.8 

5 

&2 

12 

6.2 

15 

6.4 

,, 4 

11M 

'A 


2.0 32.5 36.7 

1.5 30.4 39.5 

2.1 31.1 /$7.7 


1.5 31.4 44.1 MTl 

2.3 16.7 45.4 

1.7 23.2 40.7 ||HP' 4 
2.0 25.4 49.3 17 

1.6 37.7 41.0 97 

2.2 24.0 46.6 . «I: 

2.9 24.8 34.7 tflK 1 


1.5 21.4 35.2 

1.0 34.8 45.0 

1.4 40.1 34.1 

2.3 28.4 37.2 

3.0 29.5 42.8 

1.8 25.9 48.7 


1.9 27.6 49.4 4.7 3 

0.9 38.8 37.7 6.8 1 

3.1 24.4 38.7 11.0 12 

2.1 27.0 41.9 6.0 4 

2.5 25.1 47.3 7.3 21 

2.3 28.2 46.4 5.8 10 

2.8 29.8 42.1 6.5 25 

2.5 31.0 41.9 6.4 3 

3.0 29.8 39.9 8.0 7 

2.3 32.9 39.6 6.5 10 

if- 

2.2 30.2 43.4 5.4 51 

2.1 28.2 39.9 8.2 126 

2.0 23.9 38.7 9.6 S 


12 . 1 : 

i 

3.9 

’’PP 3 

7.4 

20 

7.8 

13 

6.6 

2 

7.0 

22 

4.7 

17 

4.7 

3 

6.8 

1 




APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Mineral and fertilizing constituents 


Digestion coefficients 


Dry Roughages — Cont. 

Alfalfa stems 

Alfalfa straw 

Alfalfa and bromegrass 

hay . v. 

Alfalfa and grass hay . . 
Alfalfa and to 


)ds, field, dry . . 

Bean straw, field 

Beggarweed hay 

Bentgrass hay, Colonial 
Bermuda grass hay, 
common, good .... 
Bermuda grass hay, 
Coastal, fertilized with 

nitrogen 

Bermuda grass hay. 
Coastal, no nitrogen 

fertilizer 

Bermuda grass hay, 

poor 

Berseem, or Egyptian 

clover hay 

Birdsfoot trefoil hay . . 
Black grass hay 

( Juncus Gerardi ) . . . 
Bluegrass hay, Canada . 
Bluegrass hay, Kentucky, 

all anal 

Bluegrass hay, Kentucky, 

in seed 

Bluegrass hay, native 

western 

Bluejoint hay ( Calamag- 
rostis Canadensis ) . . 
Bluestem hay ( Andro - 

pogon , spp. ) 

Bromegrass hay, smooth, 

all anal 

Bromegrass hay, smooth, 
before heading 


Phos- Nitro- Potas- N-free 

Calcium phorus gen sium Protein Fat Fiber extract 

Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 

0.82 0.17- 1.60 2.21 51 48 39 59 

0.13 1.47 

0.77 0.20 1.89 1.66 64 29 50 62 

1.18 0.24 1.92 

0.83 0.20 1.97 

1.57 0.41 1.74 

0.56 

0.85 

0.29 0.08 0.56 

0.26 0.23 1.17 1.35 55 47 50 67 

0.33 0.10 0.59 1.33 19 42 57 45 

. . 1.55 


0.27 0.18 1.47 


57 43 68 


30 63 60 


44 52 52 


69 53 60 54 


3.27 0.28 2.14 2.05 | 67 39 49 

1.60 0.20 2.27 1.66 I 69 34 53 


0.09 1.20 1.56 

0.20 1.06 1.94 43 


70 62 


0.40 0.27 1.31 1.67 58 50 67 64 

0.23 0.20 0.88 1.48 


66 47 60 60 


0.42 0.19 1.66 2.26 51 39 59 


FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 


Bromegrass hay, smooth, 

before bloom * 

Bromegrass hay, 

smooth, in bloom * 
Bromegrass hay, smooth, 

after bloom * 

Broom corn stover * . . 

Buckwheat hulls 

Buckwheat straw * ... 
Buffalo grass hay ( Bulb - 
ilis dactyloides ) .... 
Bunchgrass hay, misc. 

var* 

Cocoa pods, dried * . . 
Carpet grass hay * . . . 
Cat-tail, or tule hay 
( Typha angustifolia ) * 
Cereals, young, dehydr.* 
Chess, or cheat, hay 
( Bromus, spp. ) .... 
Clover hay, alsike, all 

analyses 

Clover hay, alsike, in 

bloom 

Clover hay, Alyce .... 

Clover hay, bur 

Clover hay, crimson . . 
Clover hay, Ladino . . . 
Clover hay, Ladino, 
before bloom * .... 
Clover, Ladino, and 

grass hay 

Clover hay, mam- 
moth red * 

Clover hay, Persian * . . 
Clover hay, red, all 

analyses 

Clover hay, red, leafy 
( less than 25% 


Total 

dry 

matter 

Dig. 

pro- 

tein 

Total 

Nutri- 

tive 

ratio 

|j Average total compos 

dig. 

nutri- 

ents 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

90.3 

5.6 

50.4 

8.0 

10.9 

2.2 

28.2 

41,1 

87.6 

4.5 

48.8 

9.8 

8.8 

1.9 

31.2 

37.9 

94.0 

2.1 

43.2 

19.6 

5.9 

2.1 

31.0 

>48.4 

90.6 

0.7 

45.5 

64.0 

3.9 

1.8 

36.8 

42.4 

88.6 

0.2 

13.9 

68.5 

3.0 

1.0 

42.9 

40.1 

8S.6 

1.2 

37.5 

30.3 

4.3 

1.0 

36.2 

38.8 

88.7 

3.7 

47.7 

11.9 

6.8 

1.8 

23.8 

46.2 

91.7 

1.8 

39.7 

21.1 

5.8 

2.0 

30.4 

44.1 

91.7 

3.5 

48.9 

13.0 

7.5 

1.3 

31.7 

44.2 

92.1 

3.6 

43.6 

11.1 

7.0 

2.2 

31.8 

40.9 

90.8 

2.6 

41.3 

14.9 

5.8 

1.7 

30.8 

44.3 

92.8 

19.1 

56.1 

1.9 

24.5 

4.7 

16.1 

33.1 

91.7 

3.7 

50.3 

12.6 

6.9 

2.1 

29.2 

46.1 

88.9 

8.1 

53.2 

5.6 

12.1 

2.1 

27.0 

39.9 

89.0 

9.0 

53.9 

5.0 

13.4 

3.2 

26.9 

37.7 

89.0 

6.6 

49.4 

6.5 

10.9 

1.6 

35.4 

35.5 

92.1 

13.4 

54.4 

3.1 

18.4 

2.9 

22.9 

37.8 

89.5 

9.8 

48.9 

4.0 

14.2 

2.2 

27.4 

37.0 

89.5 

14.2 

59.5 

3.2 

18.5 

1.7 

21.6 

38.4 

88.4 

16.5 

58.2 

2.5 

21.4 

1.4 

18.6 

36.6 

88.3 

11.3 

57,4 

4.1 

15.9 

2.2 

21.5 

41.7 

88.0 

6.7 

52.3 

6.8 

11.7 

3.4 

29.2 

37.0 

90.0 

8.8 

50.2 

4.7 

14.7 

1.6 

27.7 

36.7 

88.3 

7.2 

51.8 

6.2 

12.0 

2.5 

27.1 

40.3 


fiber) * 

88.3 

9.2 

54.5 

4.9 

13.5 

2.9 

23.3 

41.6 

Clover hay, red, good 
(25 to 31% fiber) . . 

88.3 

6.7 

52.9 

6.9 

11.6 

2.5 

27.3 

40.7 

Clover hay, red, stemmy 
(over 31% fiber) . . 

88.3 

5.8 

49.3 

7.5 

10.4 

2.0 

33.7 

36,4 

Clover hay, red, before 
bloom . . 

88.1 

11.3 

60.1 

4.3 

18.3 

3.6 

18.0 

41.1 

Clover hay, red, early 
to full bloom 

88.1 

7.9 

54.6 

5.9 

12.5 

3.5 

26.1 

39.7 

Clover hay, red, second 
cutting * 

88.1 

8.4 

54.1 

5.4 

13.4 

2,9 

24.5 

40.4 



APPENDIX 

Table I. Average composition and digestible nutrients — continued . 

Mineral and fertilizing constituents |j Digestion coefficients 


Feeding stuff 


Bromegrass hay, smooth, 

before bloom 

Bromegrass hay, smooth, 

in bloom 

Bromegrass hay, smooth, 
after bloom . . . . 

Broom corn stover .... 

Bu ^^ eat hulls 

Bir^^Rat- straw 

Bufialp grass hay ( Bulb - 
ills dactyloides) .... 
Bunchgrass hay, misc. 

var. 

Cocoa pods, dried .... 

CariSi grass hay 

Cr'JPh or tule hay 
^ lijpha angustifolia ) 
Cereals, young, dehydr. 
Chess, or cheat, hay 
( Bromus , spp. ) ... 

Clover hay, alsike, all 

analyses 

Clover hay, alsike, in 

bloom 

Clover hay, Alyce .... 

Clover hay, bur 

Clover hay, crimson . . 
Clover hay, Ladino . . . 
Clover hay, Ladino, 

before bloom 

Clover, Ladino, and 

grass hay 

Clover hay, mammoth 

red 

Clover hay, Persian . . . 
Clover hay, red, all 

analyses 

Clover hay, red, leafy 
(less than 25% 

fiber) 

Clover hay, red, good 
(25 to 31% fiber) . . 
Clover hay, red, stemmy 
(Over 31% fiber) .. 
Clover hay, red, before 

bloom 

Clover hay, red, early 

to full bloom 

Clover hay, red, second 
cutting 


Mineral and fertilizing constituents Jj 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Per ct. 

Per ct. 

Per ct. 

Per ct. 



1.74 


.. 


1.41 

•* 

0.29 

0.13 

0.94 




0.62 


0.26 

0.02 

0.48 

0.27 

1.24 

0.04 

0.69 

2.00 

0.70 

0.13 

1.09 

1.36 


.. 

0.93 


. . 


1.20 




1.12 

*• 



0.93 


0.66 

0.46 

3.92 

•• 

0.29 

0.25 

1.10 

1.47 

1.15 

0.23 

1.94 

2.44 

1.32 

0.25 

2.14 

2.27 



1.74 


1.32 

0.45 

2.94 

2.96 

1.23 

0.24 

2.27 

2.79 

1.53 

0.29 

2.96 

2.17 



3.42 


0.87 

0.19 

2.54 

1.70 


0.24 

1.87 


1.49 

0.21 

2.35 


1.28 

0.20 

1.92 

1.65 

1.47 

0.21 

2.16 

1,36 

1.21 

0.21 

1.86 

1.45 

1.12 

0.20 

1.66 

1.11 

1.57 

0.28 

2.93 

2.26 

1.34 

0.21 

2.00 

1.40 

1.28 

0.21 

2.14 



N-free 
Fiber extract 


I * 



1006 


FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 


m 




lid; 


1:1 


|| 
I S* |f 

1 

I 

II 


: ;■ 


ill 

! 

u m 


I 


is 

1 





Total 

1 


Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

> Minera 
: matter 

1 No.olF 
anal. 

Dry Roughages — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct* 


Clover hay, sweet, first 
year 

91.8 

11.9 

50.3 

3.2 

16.5 

2.5 

24.6 

39.7 

8.5 

19 

Clover hay, sweet, 
second year 

90.7 

9.5 

47.3 

4.0 

13.5 

1.9 

30.2 

37.6 

7.5 

41 

Clover hay, white .... 

88.0 

10.5 

55.6 

4.3 

14.4 

2.4 

22.5 

40.9 

7.8 

11 

Clover leaves, sweet . . 

92.2 

20.5 

57.2 

1.8 

26.6 

3.2 

9.5 

A- 9 

11.0 

10 

Clover stems, sweet . . 

92.7 

5.6 

45.4 

7.1 

10.6 

1.1 

38.0 

35.6 

7,4 

, 10 

Clover straw, crimson * 

87.7 

3.8 

40.0 

9.5 

7.5 

1.5 

38.8 

32.9 

7.0 

'3 

Clover and mixed grass 
hay, high in clover 

89.6 

5.5 

51.8 

8.4 

9.6 

2.7 

28.9 

42.2 

■ ' ■ * " + 'n, 

6,2 


Clover and grass hay, 
mostly grass 

88.0 

4.5 

49.7 

10.0 

8.4 

1.8 

31.0 

40.9 


; 6 

Clover and timothy hay, 
30 to 50% clover .... 

88.1 

4.7 

51.0 

9.9 

8.6 

2.2 

30.3 

41.2 

it 

67 

Corn cobs, ground .... 

90.4 

0 

45.7 


2.3 

0.4 

32.1 

54.0 

, 'HP 

1 63 

Corn fodder, well- 
eared, very dry ( from 
barn or in arid dis- 
tricts ) 

91.1 

3.8 

58.8 

14.5 

7.8 

2.2 

27.1 

47.6 

6.4 

59 

Corn fodder, medium 
in water 

82.6 

3.3 

53.9 

15.3 

6.8 

2.1 

21.8 

46.7 

5.2 

74 

Corn fodder, high in 
water 

60.7 

2.4 

39.7 

15.5 

4.8 

1.4 

16.7 

34.2 

3,6 

23 

Corn fodder, drouth- 
stricken corn, no ears * 

85.0 

3.8 

46.1 

11.1 

10.8 

0.8 

25.7 

41.2 

6.5 

1 

Corn fodder, sweet corn 

87.7 

5.9 

56.5 

8.6 

9.2 

1.8 

26.4 

41.3 

9.0 

6 

Corn husks, dried .... 

85.0 

0.4 

38.9 

96.3 

3.4 

0.9 

28.2 

49.6 

2.9 

18 

Corn leaves, dried .... 

82.8 

3.5 

49.8 

13.2 

7.7 

1.9 

23.9 

42.6 

6.7 

28 

Corn stalks, shanks, and 
tassles, dried * 

82.8 

0.8 

40.7 

49.9 

4.7 

1.5 

28.0 

43.3 

5,3 

20 

Corn stover (ears re- 
moved), mature, very 
dry 

90.6 

2.1 

51.9 

23.7 

5.9 

1.6 

30.8 

46.5 

5.8 

187 

Corn stover, medium 
in water 

80.3 

2.0 

45.5 

21.8 

5.8 

1.2 

27.1 

40.7 

5.5 

109 

Corn stover, high in 
water 

59.0 

1.4 

33.7 

23.1 

3.9 

1.0 

20.1 

30.2 

3.8 

247 

Corn tops, dried ..... 

82.1 

2.2 

48.3 

21.0 

5.6 

1.5 

27.4 

42.0 

5.6 

8 

Cotton bolls, dried . . . 

90.8 

2.3 

42.5 

17.5 

8.7 

2.4 

30.8 

42.0 

6.9 

16 

Cotton leaves, dried * 

91.7 

6.1 

33.4 

4.5 

15.3 

6.8 

10.3 

43.5 

15.8 

17 

Cotton gin trash * ... 

90.3 

1.7 

41.9 

23.6 

6.7 

1.5 

33.1 

41.3 

7.7 

3 

Cottonseed hulls 

90.8 

0 

43.7 

... 

3.9 

0.9 

45.0 

38.4 

2.6 

52 

Cotton stalks, dried * . . 

92,3 

1.7 

39.9 

22.5 

5.7 

0.8 

43.8 

37.8 

4.2 

14 

Cowpea hay, all 
analyses .......... 

90.4 

12.3 

51.4 

3.2 

18.6 

2.6 

23.3 

34.6 

11.3 

41 

Cowpea hay, in bloom 
to early pod 

89.9 

12.7 

52.5 

3.1 

18.1 

3.2 

21.8 

36.7 

10.1 

7 

Cowpea hay, seed ripe # 

90.0 

5.7 

51.9 

8.1 

10.1 

2.5 

29.2 

41.8 

6.4 

3 

Cowpea straw * 

91.5 

2.0 

38.3 

18.2 

6.8 

1.2 

44.5 

33.6 

5.4 

1 

Crabgrass hay 

90.3 

3.2 

47.0 

13.7 

7.8 

2.4 

28.7 

43.4 

8.0 

10 




APPENDIX 

Table I. Average composition and digestible nutrients— continued. 


Mineral and fertilizing constituents 


1 Feeding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Dry Roughages — Cont. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Clover hay, sweet, first 





year 

1.37 

0.26 

2.64 

1.57 

Clover hay, sweet, 





second year 

1.25 

0.23 

2.16 

1.78 

Clover hay, white .... 

1.67 

0.28 

2.30 



Digestion coefficients 

I I N»free I 


Clover leaves, sweast . . . 
Clover, stems, sweet \ . . 

« aw, crimson . 

d mixed grass 
fh in clover . . 
Clover- ajgl grass bay, 

,mosti|feass 

Clover' wSkimotby hay, 

• 30 t pj|% clover . . . 
Com q^Kgiround .... 
O'Vti ffpaeir, well- 

ti, very dry ( from 
barn or in arid dis- 
tricts ) 

Corn fodder, medium 

in water 

Corn fodder, high in 

water 

Corn fodder, drouth- 
stricken corn, no ears 
Corn fodder, sweet corn 

Corn husks, dried 

Corn leaves, dried .... 
Corn stalks, shanks, and 

tassles, dried 

Com stover ( ears re- 
moved), mature, very 

dry 

Corn stover, medium 

in water 

Corn stover, high in 

water 

Com tops, dried 

Cotton bolls, dried .... 
Cotton leaves, dried . . . 

Cotton gin trash 

Cottonseed hulls 

Cotton stalks, dried . . . 
Cowpea hay, all 

analyses 

Cowpea hay, in bloom 

to early pod 

Cowpea hay, seed ripe . 

Cowpea straw 

Crabgrass hay I 


0.88 0.21 1.54 1.43 57 

0.81 0.24 1.34 1.49 54 


0.27 0.16 1.25 0.90 49 

0.25 0.14 1.09 0.82 

0.18 0.11 0.77 0.60 

1.73 

0.17 1.47 0.98 I 64 

0.15 0.12 0.54 0.55 j 13 

0,57 0.21 1.23 1.48 45 

0.32 0.23 0.75 1.79 

0.54 0.09 0.94 1.49 35 

0.48 0.08 0.93 1.32 

0.35 0.06 0.62 0.97 

0.90 . . 39 

0.61 0.09 1.39 3.18 I 26 

4.58 0.18 2.45 1.36 

1.07 

0.13 0.06 0.62 0.87 0 

0.91 

1.37 0.30 2.98 1.66 66 

2.90 .. 70 


25 41 
43 40 


50 56 


61 70 

41 74 


0.69 0.16 1.38 1.61 55 54 57 

0.11 0.04 0.37 0.82 0 25 56 


69 69 


FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued . 

I I | Tot i I II Average total composition 


Feeding stuff 

Dry Roughages — Cont. 

Durra fodder * 

Emmer hay * 

Fescue hay, meadow . . 
Fescue hay, native 
western ( Festuca , 

spp. ) * 

Fescue, tall, and La- 
dino clover hay .... 
Feterita fodder, very 

dry 

Feterita stover * 

Flat pea hay * 

Flax plant by-product , 

Flax straw 

Fowl meadow grass hay * 

Furze, dried * 

Gama grass hay ( Trip - 
sacum dactijloides) * 
Grama grass hay 
( Bouteloua , spp.) * 
Grass hay, mixed, east- 
ern states, good qual- 
ity 

Grass hay, mixed, sec- 
ond cutting 9 

Grass straw 

Guar hay 

Harding grass hay 9 . . 

Hegari fodder * 

Hegari, heads and 
forage, dehydr.* .... 
Hegari stover * ...... 

Hops, spent, dried 

Horse bean hay # .... 
Horse bean straw .... 
Hyacinth bean hay 
( Dolichos lablab) . . 

Johnson grass hay 

June grass hay, western 
(Koeleria cristata) 9 
Kafir fodder, very dry 
Kafir fodder, high in 

water . . . 

Kafir stover, very dry 
Kafir stover, high in 

water 

Koa haole forage, dried 9 
Kochia scoparia hay . . 

Kudzu hay 9 

Lespedeza hay, annual, 
all anal 


Total 

dry 

matter 

Dig. 

pro- 

tein 

Total 

Nutri- 

tive 

ratio 

jj Ave; 

dig. 

nutri- 

ents 

Pro- 

tein 

Fat 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

89.9 

2.4 

53.0 

21.1 

6.4 

2.8 

90.0 

5.2 

43.1 

7.3 

9.7 

2.0 

89.2 

3.7 

52.7 

13.2 

7.0 

1.9 

90.0 

4.5 

53.8 

11.0 

8.5 

2.0 

90.0 

12.2 

55.7 

3.6 

15.8 

2.0 

88.0 

4.0 

50.6 

11.7 

8.0 

2.1 

86.3 

1.8 

49.3 

26.4 

5.2 

1.7 

92.3 

15.0 

55.1 

2.7 

22.7 

3.2 

92.1 

4.5 

32.7 

6.3 ; 

9.3 

2.9 

92.8 

5.8 

38.1 

5.6 

7.2 

3.2 

87.4 

4.0 

46.6 

10.7 

8.7 

2.3 

94.5 

5.9 

33.4 

4.7 

11.6 

2.0 

88.2 

2.1 

39.4 

17.8 

6.7 

1.8 

89.0 

1.7 

38.8 

21.8 

5.6 

1.5 

89.0 

3.5 

51,7 

13.8 

7.0 

2.5 

89.0 

7.7 

56.2 

6.3 

12.3 

3.3 

85.0 

1.8 

40.0 

21.2 

4.5 

2.0 

93.1 

11.5 

52.8 

3.6 

15.3 

1.7 

93.2 

4.1 

46.7 

10.4 

6.5 

1.6 

86.3 

3.2 

52.4 

15.4 

6.1 

1.7 

90.1 

2.8 

54.7 

18.5 

5.4 

1.7 

87.0 

1.9 

48.7 

24.6 

5.6 

1.8 

93.8 

6.9 

30.5 

3.4 

23.0 

3.6 

91.5 

9.0 

52.1 

4.8 

13.4 

0.8 

87.9 

4.2 

44.2 

9.5 

8.6 

1.4 

90.2 

9.6 

50.7 

4.3 

14.8 

1.4 

90.2 

2.9 

50.3 

16.3 

6.5 

2.0 

88.3 

3.2 

42.2 

12.2 

8.1 

2.5 

90.0 

4.5 

53.6 

10.9 

8.7 

2.6 

71.7 

3.4 

45.7 

12.4 

6.5 

2.7 

90.0 

1.9 

51.3 

26.0 

5.5 

1.8 

72.7 

1.3 

41.3 

30.8 

3.8 

1.3 

88.7 

9.4 

52.5 

4.6 

12.7 

1.9 

90.0 

7.2 

50.2 

6.0 

11.4 

1.5 

89.8 

10.2 

49.3 

3.8 

15.2 

2.3 

90.0 

5.6 

45.1 

7.1 

13.1 

2.5 


N-free Mineral No. $>f 
extract matter anal. 



APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


■ '' Feeding stuff 

Dry Boughages — Cont. 

Durra fodder 

Emmer hay 

Fescue hay, meadow . . 
Fescue hay, native 
western ( Festuca , 

spp.) 

Fescue s tall, and La-'' 
dj ^^ lover hay .... 
Fet^^fefodder, very 

' Feteiita stover 

Flat pea hay . 

"Hjjgx plant by-product . 

^^yteadow grass hay 

Gamk grass hay ( Trip - 
" sacum dactyloides) 
Grama grass hay 

( Boateloua , spp. ) . . 
Grass hay, mixed, 
eastern states, good 

quality 

Grass hay, mixed, 

second cutting 

Grass straw 

Guar hay 

Harding grass hay 

Hegari fodder 

Hegari, heads and 

forage, dehydr 

Hegari stover 

Hops, spent, dried .... 

Horse bean hay 

Horse bean straw 

Hyacinth bean hay 
( Dolichos lahlah ) . . 
Johnson grass hay .... 
June grass hay, western 
( Koeleria cristata ) . . 
Kafir fodder, very dry . 
Kafir fodder, high in 

water 

Kafir stover, very dry . . 
Kafir stover, high in 

water . . 

Koa haole forage, dried 
Kochia scoparia hay . . 

Kudzu hay 

Lespedeza hay, annual, 
all anal. ‘ . . 


Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Perct. 


1.02 







1.55 






0.20 

1.12 

1.43 

53 

52 

63 

64 


1.36 







2.53 


77 

27 

63 

71 

0.21 

1.28 


50 

61 

66 

61 


0.83 






0.30 

3.63 

2.02 





0.22 

0.99 


48 

64 

26 

38 

0.10 

1.15 

1.62 

81 

93 

26 

44 


1.39 







1.86 







1.07 






0.18 

0.90 






0.21 

1.12 

1.20 

50 

47 

61 

62 

0.31 

1.97 

1.15 






0.72 


40 

40 

50 

50 


2.45 


75 

16 

45 

73 


1.04 

m , 





0.16 

0.98 

•• 






0.86 






0.08 

0.90 







3.68 

, , 

30 

47 

18 

41 


2.14 

m m 






1.38 

*• 

49 

57 

43 

68 


2.37 


65 

56 

53 

64 

0.26 

1.04 

1.22 

44 

46 

67 

57 


1.30 






0.18 

1.39 

1.53 

52 

59 

61 

68 

0.14 

1.04 

1.23 





0.09 

0.88 


34 

75 

67 

60 

0.07 

0.61 







2.03 

« • 






1,82 

* ♦ 

63 

27 

49 

75 

0.21 

2.43 






0.18 

2.10 

0.94 

43 

26 

47 

60 1 

' ‘ i 





* 

\<> . \ 

% 
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FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 





Total 

i 


Average total composition ' 



»*. 


Total 

Dig. 

dig. 

Nutri- 






” \ 

Feeding stuff 

dry 

pro- 

nutri- 

tive 

Pro- 



N-fre< 

» Minera 

1 No.*of 

matter 

tein 

ents 

ratio 

tein 

Fat 

Fiber 

extrac 

• matfe? 


Dry Roughages — Cont. 
Lespedeza hay, annual, 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

. *4 

p 

before bloom 

Lespedeza hay, annual, 

89.1 

7.2 

49.2 

5.8 

14.3 

2.7 

22.7 

43.0 

6.4 

5 

in bloom 

Lespedeza hay, annual, 

89.1 

6.4 

46.4 

6.3 

13.0 

1.8 

26.5 

42.7 

5.1 

7 

after bloom 

89.1 

3.6 

39.6 

10.0 

11.5 

1.9 

32.6 

<‘-38.6 

4.5 

11 

Lespedeza hay, sericea 

89.2 

4.1 

41.2 

9.0 

12.4 

1.8 

27.9* 

' 42.3 

4.8 

: 20 

Lespedeza leaves, ann.* 

89.2 

9.6 

52.1 

4.4 

17.1 

2.9 

19.7 

43.1 


IHl 10 

Lespedeza stems, ann.* 

89.2 

2.6 

40.3 

14.5 

8.3 

1.0 

38.5 

37.7 

.3fj| 


Lespedeza straw, 










m r * 

excellent * 

90.0 

1.2 

44.3 

35.9 

7.8 

6.8 

9.2 

2.3 

2.8 

29.2 

30.9 

47.1 

43.4 

id 


Lovegrass hay, weeping 

91.2 

5.9 

51.9 

m 

KJ 1 

Marsh or swamp hay, 










< 

good Quality 

90.2 

4.1 

48.0 

10.7 

7.6 

2.3 

28.3 

44.3 

mm 


Millet hay, foxtail 


varieties 

87.6 

4,9 

50.0 

9.2 

8.2 

2.7 

25.3 

44.7 

’ ■ ifW 

Millet hay, hog millet. 











or proso * 

90.3 

5.6 

50.7 

8.1 

9.3 

2.2 

23.9 

47.6 

7P 

W 9 


Millet hay, Japanese . . 
Millet hay, pearl, or 

86.8 

5.1 

47.3 

8.3 

8.3 

1.6 

27.7 

40.8 

8.4 

15 

cat-tail 

87.2 

4.2 

49.8 

10.9 

6.7 

1.7 

33.0 

36.8 

9.0 

6 

Millet straw * 

90.0 

1.5 

42.5 

27.3 

16.0 

3.8 

8.0 

1.6 

3.3 

37.5 

21.9 

41.6 

48.4 

5.5 

6.9 

6 

16 

Milo fodder 

88.5 

3.0 

51.1 

Milo stover ** 

91.0 

1.1 

50.1 

49.4 

44.5 

4.8 

3.2 

12.7 

1.1 

2.1 

29.1 

20.3 

48.1 

45.6 

9.5 

7.6 

1 

1 

Mint hay * 

Mixed hay, good, less 

88.3 

8.5 







than 30% legumes . . 

88.2 

4.5 

47.8 

9.6 

8.4 

1.8 

31.3 

41.4 

5.3 

43 

Mixed hay, good, less 
than 30% legumes, 











barn-dried 

Mixed hay, good, more 

89.2 

4.8 

48.8 

9.2 

1 8.8 

1.8 

31.4 

42.0 . 

5.2 

12 

than 30% legumes . . 
Mixed hay, excellent. 

90.3 

7.2 

49.5 

5.9 

10,3 

1.7 

31.6 

40.9 

5.8 

7 

mostly legumes * . . 
Mixed hay, cut very 

91.4 

10.0 

56.4 

4.6 

14.3 

2.3 

24.7 

43.5 

6.6 

3 

early * 

90.0 

8.4 

55.1 

5.6 

13.3 

2.7 

25.3 

39.4 

9.3 

10 

Napier grass hay * . . . . 
Natal grass hay 

89.1 

90.2 

3.8 

3.1 

45.4 

48.0 

10.9 

14.5 

8.2 

7.4 

1.8 

1.8 

34.0 

36.8 

34.6 

39.2 

10.5 

5.0 

1 

Native hay, western mt. 









states, good quality . 
Native hay, western mt. 

93.3 

5.1 

53.8 

9.5 

8.5 

2.2 

30.7 

44.8 

7.1 

49 

states, mature and 
weathered 

90.0 

1.6 

36.6 

21.9 

3.9 

1.4 

33.6 

43.6 

7.5 

46 

Needle grass hay ( Stipa, 








spp-) * 

Oak leaves, live oak, 

88.1 

1.4 

41.5 

28.6 

7.2 

2.0 

30.8 

41.9 

6.2 

38 

dried 

93.8 

0 

17.0 


9.3- 

2.7 

29.9 

45.3 

6.6 

2 

Oat chaff 

91.8 

0.9 

33.1 

35.8 

5.9 

2.4 

25.7 

46.3 

11.5 

4 

Oat hay 

Oat hay, wild ( Avena 

88.1 

4.9 

47.3 

8.7 

8.2 

2.7 

28.1 

42.2 

6.9 

102 

fatua ) * .......... 

92.5 

4.0 

49.4 

11.4 

6.6 

2.6 

32.5 

44.0 

6.8 

11 


4 



APPENDIX 

Table I. Average composition and digestible nutrients — continued. 

Mineral and fertilizing constituents Digestion coefficients 


Feeding stuff 


Mineral and fertilizing constituents 
I Phos- | Nitro- I Fotas- 


Lespe'deza hay, annual, 

before bloom 1.03 0.20 2.29 1.07 50 

Lespedeza hay, annual, 

in bloom...?. 1.00 0.19 2.08 0.94 49 

Lespedeza hay, annual, 

after bloom 0.90 0.15 1,84 0.82 

Lespedeza hay, sericka 0.92 0.22 1.98 0.98 

* eaves, annual 1.30 0.20 2.74 0.92 

terns, annual 0.64 0.13 1.33 0.89 


o, proso 

Millet hay, Japanese . . 
Millet hay, pearl, or 

cat- tail 

Millet straw 

Milo fodder 

Milo stover 

Mint hay 

Mixed hay, good, less 
than 30%. legumes . . 
Mixed hay, good, less 
than 30% legumes, 
barn-dried 

Mixed hay, good, more 
than 30% legumes . . 
Mixed hay, excellent, 
mostly legumes .... 
Mixed hay, cut very 

early , 

Napier grass hay 

Natal grass hay 

Native hay, western mt. 

states, good quality . 
Native hay, western mt. 
states, mature and 

weathered 

Needle grass hay ( Stipa , 

Oalc leaves, live oak, 

dried 

Oat chafF 

Oat hay 

Oat hay, wild ( Avena 
fatua ) 


0.32 0.10 1.22 0.69 54 

0.29 0.16 1.31 1.70 60 

1.49 

0.20 .. 1.33 2.10 61 

... 1.07 .. 63 

0.08 . . 0.61 1.44 

0.35 0.18 1.28 . . 38 

0,58 0.11 0.51 

1.51 0.19 2.03 

0.59 0.18 1.34 1.47 53 

1.41 . . 54 

0.90 0.19 1.65 1.46 70 

0.98 0.22 2.29 

1.00 0,27 2.13 

1.31 

0.45 0.29 1.18 

0.53 0.16 1.36 . . 60 

0.53 0.07 0.62 . . 40 

. . 1.15 


0.22 0.25 1.06 


Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


50 

31 

54 

65 

9 

49 

31 

48 

61 

27 

31 

19 

43 

55 

20 

33 

44 

37 

. 59 

11 

64 

46 

65 

53 

3 

54 

29 

59 

58 

. 37 f 

60 

64 

62 

57 


61 

47 

64 

56 

5 

63 

46 

67 

59 

2 

38 

63 

61 

62 

*7 

53 

40 

54 

60 

16 

54 

37 

54 

61 

16 

70 

! 25 

44 

67 

2 


69 

59 

52 

4 

60 

39 

62 

62 

22 

40 

25 

46 

43 

19 

0 

30 

10 

27 

1 

16 

42 

39 

43 

2t 

60 

65 

51 

57 

46 


f 
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Table I. Average composition and digestible nutrients — continued. 





Total 



Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

: N-frei 
extrac 

2 Minera 
t matte* 

1 No. of 
• anal. 

Dry Roughages — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

, Per ct 

. Per ct. 


Oat hulls 

92.8 

1.5 

31.7 

20.1 

4.6 

1.4 

29.2 

51.3 

6.3 

40 

Oat huller feed * 

92.9 

0.5 

30.7 

60.4 

2.9 

1.0 

32.6 

50.5 

5.9 

2 

Oat straw 

Oat straw pulp, treated 

89.8 

0.7 

44.8 

63.0 

4.1 

2.2 

36.3 

40.9 

6.3 

76 

with sodium hydrox- 











ide, wet 

28.7 

0 

20.6 


0.5 

0.4 

17.8 

r 8.6 

1.4 


Oat-grass hay, tall .... 

88.7 

3.5 

47.4 

12.5 

7.5 

2.4 

30.1" 

" 42.7 

6.0 

15 

Orchard grass hay, good 
Orchard grass hay, cut 

88.7 

4.2 

49.7 

10.8 

8.1 

2.9 

30.4 

40.5 

6.8 

55 

very early 

89.9 

8.8 

63.5 

6.2 

13.9 

3.7 

26.6 

38.1 

7.6 

2 

Panic grass hay ( Pani- 











cum , spp.) * 

92.1 

4.2 

47.1 

10.2 

8.3 

2.3 

29.5 

44.9 

. 7,1 

, JSl 

Para grass hay 

90.2 

1.9 

41.6 

20.9 

4.6 

0.9 

33.6 

44.5 

*6.6 

3 

Pasture grasses and 










j 

clovers, mixed, from 
closely-grazed, fertile 










i 

pasture, dried ( north- 











ern states ) 

90.0 

15.0 

66.7 

3.4 

20.3 

3.6 

19.7 

38.7 

7.7 

708 

Pasture grasses, mixed, 
from poor to fair pas- 
ture, before heading, 











dried * 

90.0 

9.6 

53.9 

4.6 

14.1 

2.3 

19.4 

43.2 

11.0 

40 

Pasture grass, western 










plains, growing, dried * 

90.0 

7.9 

56.5 

6.2 

11.6 

2.5 

28.0 

40.2 

7.7 

165 

Pasture grass, western 











plains, mature, dried * 
Pasture grass, western 
plains, mature and 

90.0 

0.9 

43.5 

47.3 

4.6 

2.3 

31.9 

45.3 

* 

5.9 

165 

weathered 

90.0 

0.2 

41.3 

205.5 

3.3 

1.8 

34.1 

! 44.5 

6.3 

330 

Pasture grass and other 
forage on western mt. 











ranges, spring, dried * 

90.0 

' 12.6 

67.4 

4.3 

17.0 

3.1 

14.0 

49.1 

6.8 

96 

Pasture grass and other 
forage on western mt. 









ranges, autumn, dried * 

90.0 

6.5 

67.6 

9.4 

8.8 

4.3 

17.4 

51.4 

8.1 

96 

Pea hay, field 

89.3 

10.6 

55.1 

4.2 

14.9 

3.3 

24.3 

39.1 

7.7 

35 

Pea straw, field 

90.2 

3.2 

42.2 

12.2 

6,1 

1.6 

33.1 

44.0 

5.4 

23 

Pea-and-oat hay 

89.1 

8.6 

52.9 

5.2 

12.1 

2.9 

27.2 

39.1 

7.8 

32 

Peanut hay, without 








nuts, good 

90.6 

5.4 

47.3 

7.8 

10.0 

3.2 

23.6 

44.2 

9.6 

91 

Peanut hay, without 









nuts, stemmy * .... 

90.0 

4.7 

39.7 

7.4 

10.0 

3.2 

34.2 

34.0 

8.6 


Peanut hay, with nuts . 

92.0 

10.2 

71.6 

6.0 

13.4 

12.6 

23.0 

34.9 

8.1 

11 

Peanut hay, mowed . . 

91.4 

6.9 

58.4 

7.5 

10.6 

5.1 

23.8 

42.2 

9.7 

6 

Peanut hulls 

92.3 

1.6 

18.8 

10.8 

6.7 

1.2 

60.4 

19.6 

4.4 

79 

Peavine hay, from pea- 
cannery vines, sun- 








cured 

Prairie hay, western. 

86.3 

8.6 

54.2 

5.3 

11.9 

2.4 

23.0 

42.2 

6.8 

8 

early-cut 

91.0 

3.7 

45.7 

11.4 

7.4 

2.6 

29.2 

43.1 

8.7 

45 



APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Mineral and fertilizing constituents 


Feeding stuff 

Dry Roughages — Cont. 

Oat hulls' 

Oat huller feed 

Oat straw 

Oat straw pulp, tlteated 
with sodium hydrox- 
ide, wet % . . . 

Oat-grass hay, tall . ?. . 
Orchid grass hay, good 
Orchid grass hay, cut 

very early 

P j - ' grass hay ( Pani - 

'cum, spp.) 

Para grass hay 

Pastm*e„grasses and 
cio\ rs, mixed, from 
V^dy-grazed, fertile 
pu..cure, dried ( north- 
ern states) 

Pasture grasses, mixed, 
from poor to fair pas- 
ture, before heading, 

dried 

Pasture grass, western 
plains, growing, dried 
Pasture grass, western 
plains, mature, dried 
Pasture grass, western 
plains, mature and 

weathered 

Pasture grass and other 
forage on western mt. 
ranges, spring, dried 
Pasture grass and other 
forage on western mt. 
ranges, autumn, dried 

Pea hay, field 

Pea straw, field 

Pea-and-oat hay 

Peanut hay, without 

nuts, good 

Peanut hay, without 

nuts, stemmy 

Peanut hay, with nuts . 
Peanut hay, mowed . . . 

Peanut hulls 

Peavine hay, from pea- 
cannery vines, sun- 

cured 

Prairie hay, western, 
early-cut 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

0.20 

0.10 

0.74 

0.48 



0.46 


0.24 

0,09 

0.66 

2.00 



0.08 



0.14 

1.20 

1.36 

0.27 

0.18 

1.30 

1.92 

0.33 

0.38 

2.22 

3.36 



1.33 


0.35 

0.35 

0.74 

1.44 

0.58 

0.32 

3.25 

2.18 

0.41 

0.12 

2.26 

0.74 

0.37 

0.24 

1.86 


0.34 

0.14 

I 0.74 


0.33 

0.09 

0.53 


1.21 

0.38 

2.72 




1.41 


1.22 

0.25 

2.38 

1.25 


0.10 

0.98 

1.08 

0.72 

0.22 

1.94 

1.04 

1.12 

0.13 

1.60 

1.25 



1.60 


1.13 

O . i .5 

2.14 

0.85 



1.70 


0.25 

0.06 

1.07 

0.82 

1.48 

0.16 

1.90 


0.31 

0.19 

1.18 

0.98 


Digestion coefficients 

j I N-free I No. of 


38 56 46 24 


FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued . 

I I I 'Tot'il I I) Average total composition 


Feeding stuff 

Dry Roughages — Cont. 
Prairie hay, western, cut 

in midseason 

Prairie hay, western, 

mature 

Prairie hay, western, 
mature and weathered 
Quack grass hay * . . . . 
Quack grass hay, cut 

very early 

Ramie meal * 

Red top hay * 

Reed canary grass hay 
Rescue grass hay * . . . 

Rhodes grass hay 

Rice hulls 

Rice straw 

Rush hay, western 

(J uncus, spp.) 

Russian thistle hay .... 
Rye grass hay, Italian . 
Rye grass hay, perennial ! 
Rye grass hay, native 

western * 

Rye hay * 

Rye straw 

Safflower hulls * 

Salt bushes, dried .... 
Salt-bush, winter 

range, dried 

Salt grass hay, misc. var.* 
Sanfoin hay ( Onobry ~ 
chis viciaefolia) * . . 
Seaweed, dried ( Fucus , 

spp-) 

Seaweed, dried ( Lam- 
inaria , spp. ) * 

Sedge hay, eastern 
( Carex, spp. ) * .... 
Sedge hay, western 
(Carex, spp.) * .... 

Seradella hay 

Sorghum bagasse, dried 
Sorghum fodder, sweet, 

dry 

Sorghum fodder, sweet, 

high in water 

Sorghum, heads and 
forage, dehydrated * 
Soybean hay, good, all 
analyses 


Total 

Total Dig. dig. 

dry pro- nutri- 

matter tein ents 


Perct, Perct. 1: Per ct. 


2.0 45.1 21.6 6.0 


0.9 43.7 47.6 4.4 


2.0 41.0 


12.8 7.2 

9.3 8.1 

5.5 10.5 

19.5 5.2 


4.3 33.6 6.8 11.4 

3.3 48.5 13.7 6.1 

6.7 56.0 7.4 10.1 

11.5 47.5 3.1 16.4 

0.4 41.0 101.5 3.1 

3.3 52.4 14.9 6.2 

2.4 39.7 15.5 4.5 

3.1 59.8 18.3 5.6 

9.8 48.6 4.0 14.6 


N-frec 

extracl 

j Mineral 
t matter, 

No. of 
anal. 

Per ct. 

Per ct. 


44.0 

8.6 

42 

4f f5 

7.5 

110 

'48.7 

6.5 

6 

38.8 

6.9 

4 


2.9 25.6 38.1 

3.8 19.7 35.8 

2.3 29.8 45.2 

2.3 29.2 44.3 

3.2 24.6 44.5 

1.3 31.7 41.8 

0.8 40.7 28.4 

1.4 33.5 39.2 

1.8 29.2 44.2 

1.6 26.9 37.4 

1.9 27.8 43.3 

3.1 24.2 43.4 

2.1 33.5 37.6 

2.1 36.5 41.0 

1.2 38.7 45.9 

4.7 53.1 28.3 

1.6 22.1 38.8 

4.2 25.8 36.8 

1.8 28.8 39.5 

2.6 19.7 44.2 

4.2 9.4 53.6 

1.1 8.6 45.8 

1.7 29.2 46.3 

2.4 27.3 44.0 

3.2 29.8 32.0 

1.4 31.3 50.0 

2.4 25.1 48.1 

2.4 16.6 37.6 

1.7 18.5 56.7 

2.9 28.1 35.7 


APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Dry Roughages — Cont. 
Prairie hay, western, cut 

in midseason 

Prairie hay, western, 

mature .... A 

Prairie hay, western, 
mature and weathered 
Quack grass hay . . . . 

Quack grass hay, cut 

verjfearly 

gpAamie meal 

^ P d i ,f ) hay . . 

Reed canary grass hay . 

Rescue gr|&s hay 

Rhodes ^|ss hay 

, Rice hultf' 

>V* ° s* r JW . 

v Rutui hay, western 

( Juncus , spp. ) 

Russian thistle hay .... 
Rye grass hay, Italian . 
Rye grass hay, perennial 
Rye grass hay, native 

western 

Rye hay 

Rye straw 

Safflower hulls 

Salt bushes, dried .... 
Salt-bush, winter Amge, 

dried * . . . . 

Salt grass hay, misc. var. 
Sanfoin hay ( Onobrychis 

viciaefolia ) 

Seaweed, dried ( Fucus, 

s pp-) 

Seaweed, dried ( Lami- 
naria , spp.) 

Sedge hay, eastern 

( Car ex, spp. ) , 

Sedge hay, western 

( Carex , spp.) 

Seradella hay 

Sorghum bagasse, dried 
Sorghum fodder, sweet, 

dry 

Sorghum fodder, sweet, 

high in water 

Sorghum, heads and 
forage, dehydrated . . 
Soybean hay, good, all 
analyses 


L and fertilizing constituents 

Phos- Nitro- Potas- 
phoras gen sium 


Digestion coefficients 
N-free 

Protein Fat Fiber extract 


Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 


0.12 0.96 


34 33 59 53 


0.08 0.70 0.73 20 36 58 49 


0.03 0.46 

1.10 

2.05 
0.26 3.10 

0.20 1.14 1.72 

0.16 1.23 

1.57 

0.27 0.91 1.18 

0.08 0.48 0.31 

0.07 0.62 1.22 

1.50 

1.42 

0.24 1.30 1.00 

0.24 1.47 1.25 

1.25 

0.18 1.07 1.05 

0.09 0.56 0.90 

0.61 

0.11 2.21 4.69 

0.09 1.15 

1.30 


24 52 46 


70 35 75 65 


0 44 55 43 

74 41 16 55 


42 66 45 56 


38 73 0 60 


70 64 43 58 

46 53 45 


0.24 1.62 

0.33 2.62 1.25 

.50 

0.14 .99 1.29 

0.10 .72 0.96 


0.22 2.34 1.09 67 45 45 65 




r 
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FEEDS AND FEEDING 


Table I. Average composition and digestible nutrients-' — continued. 


Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

jj Average total composition 

Pro- 

tein 

Fat 

Fiber 

N-free 

extrac 

Minera 

matter 

No. of 
anal. 

Dry Roughages — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Soybean hay, in bloom 








37.8 

9.6 


or before 

88.0 

12.0 

52.4 

3.4 

16.7 

3.3 

20.6 

8 

Soybean hay, seed de- 











veloping * 

88.0 

9.8 

48.2 

3.9 

14.6 

2.4 

27.2 

$S.5 

7.3 

24 

Soybean hay, seed well 











developed 

88.0 

10.8 

52.5 

3.9 

15.2 

4.7 

26.7 

r- 35.2 

6.2 

19 

Soybean hay, seed 







n 

38.2 

4.0 


nearly ripe * 

88.0 

10.8 

54.9 

4.1 

15.2 

6.6 

24.0 

2 

Soybean hay, poor 











quality, weathered . . 

89.0 

4.3 

38.6 

8.0 

9.2 

1.2 

41.0 

30.4 

7.2 

5* 

Soybean straw 

88.9 

1.1 

38.6 

34.1 

3.9 

1.2 

41.2 

37.5 

5.1 

■■17 

Soybean and Sudan grass 











hay, chiefly Sudan * 

89.0 

3.6 

50.8 

13.1 

7.4 

2.2 

31.1 

43.4 

4.4 

1 

Spanish moss, dried . . 

89.2 

0 

51.4 


5.0 

2.4 

26.6 

47.7 

7:' 

3 

Sudan grass hay, all 











analyses . . 

89.4 

4.3 

48.6 

10.3 

8.8 

1.6 

28.0 

42.9 

8.; 

17 

Sudan grass hay, be- 










■p- 1 N 

fore bloom * 

89.6 

6.3 

50.0 

6.9 

11.2 

1.5 

26.1 

41.3 

9.5 

33 

Sudan grass hay, in 











bloom 

89.2 

4.7 

51.8 

10.0 

8.4 

1.5 

30.7 

41.8 

6.8 

2 

Sudan grass hay, in seed 

89.5 

2.5 

50.2 

19.1 

6.8 

1.6 

29.9 

44.4 

6.8 

11 

Sudan grass, young, de- 











hydr 

88.0 

9.3 

59.0 

5.3 

14.5 

2.5 

20.4 

41.2 

9.4 

45 

Sudan grass straw .... 

90.4 

3.3 

44.5 

12.5 

7.1 

1.5 

33.0 

42.3. 

6.5 

3 

Sugar cane fodder. 











Japanese, dried * . . . 

89.0 

0.7 

55.3 

78.0 

1.3 

1.8 

19.7 

64.3 

1.9 

1 

Sugar cane bagasse. 











dried ... 

91.8 

0 

20.5 


1.2 

0.4 

46.7 

41.0 

2.5 

2 

Sugar cane pulp, dried 

93.8 

0 

44.5 ! 


1.7 

0.6 

45.6 

42.2 

3.7 

11 

Sweet potato vines, dr. * 

90.7 

8.9 

51.7 

4.8 

12.6 

3.3 

19.1 

45.5 

10.2 

9 

Teosinte fodder, dry '* . 

89.4 

4.9 

50.0 

9.2 

9.1 

1 1.9 

26.4 

41.7 

10.3 

4 

Timothy hay, all 











analyses ... 

89.0 

3.0 

49.1 

15.4 

6.6 

2.3 

30.3 

44.8 

5.0 

391 

Timothy hay, before 










bloom 

89.0 

6.1 

56.6 

8.3 

9.7 

2.7 

27.9 

42.2 

6.5 

17 

Timothy hay, early 











bloom 

89.0 

4.2 

51.7 

11.3 

7.6 

2.3 

30.1 

44.3 

4.7 

38 

Timothy hay, early 










bloom, barn-dried . . 

89.0 

4.6 

50.9 

10.1 

8.0 

2.1 

29.0 

45.2 

4.7 

2 

Timothy hay, full bloom 

89.0 

3.2 

51.1 

15.0 

6.4 

2.5 

30.4 

44.8 

4.9 

53 

Timothy hay, in bloom. 











nitrogen fertilized * . 

89.0 

4.8 

52.1 

9.9 

8.8 

2.1 

31.6 

42.6 

3.9 

17 

Timothy hay, late 









bloom to early seed 

89.0 

2.8 

47.9 

16.1 

6.1 

2.7 

29.9 

45.4 

4.9 

43 

Timothy hay, late seed 

89.0 

1.9 

41.9 

21.1 

5.3 

2.3 

31.2 

45.7 

4.5 

36 

Timothy hay, in bloom. 










dehydrated 

89.0 

3.9 

54.1 

12.9 

7.7 

2.3 

28.3 

45.5 

5.2 

13 

Timothy hay, second 









cutting * 

88.7 

9.5 

56.1 

4.9 

15.0 

4.6 

25.4 

36.5 

7.2 

3 

Timothy and clover hay, 









one-fourth clover * . 

88.8 

4.0 

49.8 

11.5 

7.9 

2.4 

29.5 

43.7 

5.3 




APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Mineral and fertilizing constituents 


Digestion coefficients 


Feeding stuff 


Phos- 

Calcium phorus 


Nitro- Potas- 
gen slum 


. Dl-y Roughages— Cont. Perct. Perct. Perct. Perct. 

Soybean hay, in bloom 

or before 1.29 0.34 2.67 

Soybean hay, seed devel- 
oping 1.24 0.25 2.34 0.90 

Soybean hay, seec^ well 

developed 1.14 0.27 2.43 0.71 

Soybean hay, seed *’ 

nearly ripe 0.96 0.31 2.43 0.81 

Soybean hay, poor qual- 

f ity, weathered .. .. 1.47 

l straw , . 0.05 .62 0.53 

Schealn and Sudan grass 
Jcut '^chiefly Sudan . . . . . . 1.18 

Sjtheat^ moss, dried . . . . 0.04 .80 0.46 

Sumedgrass hay, all 

• M.v,eafyses 0.36 0.27 1.41 1.88 

% Sudan grass hay, before 

bloom .. 0.41 0.28 1.79 

Sudan grass hay, in 

bloom . . . . 1.34 

Sudan grass hay, in seed .. 1.09 

Sudan grass, young, de- 

hydr 0.52 0.39 2.32 

Sudan grass straw .... . . 1.14 

Sugar cane fodder, 

Japanese, dried .... 0.32 0.14 .21 0.58 

Sugar cane bagasse, . . 

dried . . . . .19 

Sugar cane pulp, dried . . . . . .27 

Sweet potato vines, dried . . . . 2.02 

Teosinte fodder, dry . . . . 0.17 1.46 0.88 

Timothy hay, all 

analyses 0.35 0.14 1.06 1.59 

Timothy hay, before 

bloom . . . . 1.55 

Timothy hay, early 

bloom 0.41 0.21 1.22 

Timothy hay, early 

bloom, barn-dried .. 0.55 0.21 1.28 

Timothy hay, full bloom . . 0.20 1.02 1.50 

Timothy hay, in bloom, 

nitrogen fertilized . . 0.40 0.21 1.41 1.41 

Timothy hay, late bloom 

to early seed . . • • 0.98 

Timothy hay, late seed 0.14 0,15 0.85 1.41 

Timothy hay, in bloom, 

dehydrated . . . . 1.23 

Timothy hay, second 

cutting 0.58 0.19 2.40 

Timothy and clover hay, 

one-fourth clover ... 0.58 0.15 1.26 1.60 


Protein 

Fat 

Fiber 

N-free 

extract 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

72 

38 

54 

70 

71 

36 

47 

72 

47 

32 

40 

56 

29 

31 

36 

58 

6 

16 

52 

77 

49 

52 

64 

57 

56 

60 

65 

60 

37 

52 

64 

60 

64 

66 

72 

76 

46 

34 

60 

48 

0 

0 

29 

17 

0 

54 

58 

41 

46 

46 

57 

59 

63 

40 

74 

65 

55 

42 

61 

61 

58 

31 

58 

62 

50 

44 

61 

60 

46 

50 

51 

59 

36 

36 

49 

50 

50 

54 

60 

67 


,;V 


w 




j 

r r 

4 





FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Dry Roughages — Cont. 
Trefoil hay, big * .... 

Velvet bean hay 

Vetch hay, common . . 
Vetch hay, hairy 
Vetch-and-oat hay, over 

half vetch 

Vetch-and-wheat hay, 

cut early 

Wheat chaff 

Wheat hay 

Wheat straw 

Wheatgrass hay, crested, 

cut early 

Wheatgrass hay, inter- 
mediate * 

Wheatgrass hay, slender 
Wheatgrass hay, west- 
ern, cut early * .... 
Wheatgrass hay, west- 
ern, mature * 

Winter fat, or white sage, 
dried ( Eurotia lanata ) * 
Wiregrass hay, south- 
ern ( Aristida , spp. ) * 
Wiregrass hay, western 
( Aristida , spp. ) * 
Yucca, or beargrass, dr. * 

Green Roughages, 
Roots, etc. 

Alfalfa, green, all 
analyses .......... 

Alfalfa, very young . . . 
Alfalfa, before bloom . 
Alfalfa, early bloom . . 
Alfalfa, Y 2 to full bloom 
Alfalfa, past bloom . . 
Alfalfa and bromegrass 
pasture, half alfalfa 
Alfalfa and timothy pas- 
ture, half alfalfa * . . 
Alfilaria ( Erodium 

cicutarium) * 

Apples * 

Artichoke tops * 

Artichoke tubers * .... 

Bahia grass * 

Barley fodder 

Barley pasture * 

Beet tops, sugar 


Total 

dry 

matter 

Dig. 

pro- 

tein 

Total 

dig- 

nutri- 

ents 

Nutri- 1 
tive 
ratio 

Per ct. 

Per ct. 

Per ct. 

1: 

89.3 

8.3 

53.7 

5.5 

92.8 

9.5 

56.2 

4.9 

89.0 

10.1 

55.3 

4.5 

88.0 

15.2 

57.1 

2.8 

87.6 

8.4 

50.7 

5.0 

90.0 

11.4 

58.0 

4.1 

90.0 

2.0 

35.8 

16.9 

90.4 

3.3 

46.7 

13.2 

92.6 

0.3 

40.6 

134.3 

90.0 

6.5 

50.8 

6.8 

90.0 

4.0 

48.7 

11.2 

90.0 

4.6 

50.8 

10.0 

88.0 

6.0 

48.9 

7.2 

88.0 

1.1 

45.2 

40.1 

* 92.6 

6.5 

45.7 

6.0 

90.0 

1.1 

44.1 

39.1 

90.0 

1.7 

42.6 

24.1 

92.6 

2.4 

■ ■ 

51.2 

20.3 

24.4 

3.5 

14.8 

3.2 

18.0 

3.9 

12.9 

2.3 

19.9 

3.3 

12.3 

2.7 

22.5 

3.6 

14.3 

3.0 

25.3 

3.4 

14.9 

3.4 

29.3 

2.7 

14.6 

4.4 

22.5 

3.3 

13.9 

3.2 

21.9 

3.5 

14.4 

3.1 

16.4 

2.1 

9.1 

3.3 

17.9 

0.2 

13.3 

65.5 

27.2 

0.8 

18.1 

21.6 

20.5 

1.2 

15.9 

12.3 

30.0 

1.1 

15.9 

13.5 

22.2 

2.3 

14.2 

5.2 

20.0 

3.9 

12.5 

2.2 

17.8 

1.7 

10.4 

5.1 ; 


Average total composition 


Per ct. Per ct. Per ct. Per ct. 


27.5 38.4 

25.2 43.2 

24.5 3?.l 


2.2 28.8 
1.5 29.4 

1.8 26.1 

1.5 37.0 

2.0 32.2 

2.0 31.7 

2.1 32.2 

2.6 29.2 

2.7 32.3 

1.9 27.4 

1.4 31.8 

1.3 34.1 

2.2 38,6"' 


0.8 5.3 9.4 

0.8 4.7 9.6 


Mineral 

matter 

- anal. 


1 

%'a 

4 

6.2 

40 

8.5 

17 

8.2 

13 

7.2 

4 

7.6 

1 

6A : 

* 26. 
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Table I. Average composition and digestible nutrients — continued. 



Mineral and fertilizing constituents 


Digestion coefficients 


Feeding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

• Dry Rpp^ihages — Cont. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Trefoil-hay, big 



1.92 







Velvet bean hay 


0.24 

2.62 

2.20 

58 

66 

68 

61 

4f 

Vetch hay, common . . . 

1.18 

0.32 

2.13 

2.22 

76 

49 

51 

72 

28 f 

Vetch hay, hairy\ 

1.13 

0.32 

3.09 

1.96 

79 

67 

59 

71 

8 f 

Vetch-and-oat hay\over 
half vetch , . . . S . . . 

0.76 

0.27 

1.90 

1.51 

71 

52 

51 

67 

23 f 

Vetch-and-wheat hay,” 
cut early . 



2.46 


74 

64 

65 

68 

4 f 

Wheat chaff . . . 

0.21 

0.14 

0.70 

0.50 

46 

100 

33 

44 

4 f 

^ Wheaf%ay 

0.14 

0.18 

0.98 

1.47 

54 

42 

41 

62 

24 

W’ a- jffiaw 

0.15 

0.07 

0.62 

1.18 

8 

41 

52 

47 

54 f 

Wiieat^ass hay, crested, 
cut (My 



1.47 


71 

43 

64 

54 

5 

Wheatitijtes hay, inter- 
tfnedOTg 

0.32 


1.10 







4 j^afppss hay, slender 

0.30 

0.24 

1.28 

2.41 

58 

31 

61 

62 

15 

Wheatgrass hay, west- 
ern, cut early 

Wheatgrass hay, west- 
ern, mature 

0.34 

0.22 

1.36 







0.15 

0.07 

0.56 







Winterfat, or white sage, 
dried ( Eurotia lanata ) 



2.06 







Wiregrass hay, southern 
( Aristida , spp. ) .... 

0.15 

0.14 

0.88 






.. 

Wiregrass hay, western 
( Aristida , spp. )* # ». *. . . 



1.02 







Yucca, or beargrass, dried 

•• 


1.06 





j 


Green Roughages,: 
Roots, etc. * 

; ' t.- - " 

Alfalfa, green, all 

analyses 

0.40 

0.06 

0.74 

0.53 

i 

76 

36 

48 

74 

110 

Alfalfa, very young . . . 



0.75 


82 

49 

57 

84 

17 

Alfalfa, before bloom . 

0.45 

0.07 

0.70 

0.47 

76 

27 

51 

1 75 

32 

Alfalfa, early bloom . . 

0.53 

0.07 

0.74 

0.43 

79 

31 

50 

78 

7 

Alfalfa, % to full bloom 

0.51 

0.07 

0.74 

0.55 

73 

36 

46 

71 

11 

Alfalfa, past bloom .... 

0.36 

0.06 

0.58 

0.56 

75 

54 

38 

60 

4 

Alfalfa and bromegrass 
pasture, half alfalfa . 

0.28 

0.07 

0.77 

0.63 

69 

44 

67 

66 

4 

Alfalfa and timothy pas- 
ture, half alfalfa .... 

0.30 

0.08 

0.74 

0.49 






Alfilaria ( Erodium cicu - 
tarium) 

0.28 

0.06 

0.45 







Apples 

0.01 

0.01 

0.08 

0.14 


■. : 




Artichoke tops 

0.44 

0.03 

0.22 

0.37 






Artichoke tubers 


0.06 

0.32 

0.41 



.... ’■ 


. . 

Bahia grass 

0.13 

0.04 

0.38 







✓ Barley fodder 

0.07 

0.08 

0.51 

0.35 

71 

56 

59 

72 

6 

Barley pasture 

0.12 

0.08 

0.83 



35 

67 

80 

26 

Beet tops, sugar 

0.18 

0.04 

0.43 

1.03 

64 
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FEEDS AND FEEDING 


Table I. Average composition and digestible nutrients — continued . 





Total 



Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig- 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

s Minera 
t matter 

I No. of 
anal. 

Green Roughages, 
Roots, etc. — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per#. 


Beets (roots), common * 

13.0 

1.2 

10.5 

7.8 

1.6 

0.1 

0.9 

8.9 

1,5 

23 

Beets (roots), sugar . . 

16.4 

1.2 

13.7 

10.4 

1.6 

0.1 

1.0 

12.6 

1.1 

86 

Beggarweed * 

Bent grass, Colonial, 

27.1 

2.8 

14.3 

4.1 

4.2 

0.5 

7.5 

Iff 7 

3.2 

3 

pasture * 

29.4 

4.2 

19.7 

3.7 

5.7 

1.1 

6.4 

43.2 

3.0 

37 

Bermuda grass, in bloom* 

35.0 

1.9 

20.5 

9.8 

3.6 

0.7 

9.8' 

r 17.4 

3.5 

3 

Bermuda grass pasture * 
Bermuda grass, Coastal, 
pasture fertilized with 

25.0 

2.0 

15.0 

6.5 

2.8 

0.5 

6.4 

12.2 

3,1 

25 

nitrogen 

Berseem, or Egyptian 

25.0 

3.0 

16.5 

4.5 

4.1 

0.7 

6.7 

12.3 

1.2 

5 

^ clover 

18.8 

2.1 

12.1 

4.8 

2.7 

0.7 

4.4 

8.2 

2.8, 

J.../S lb 

Birdsfoot trefoil pasture * 

20.0 

4.6 

15.0 

2.3 

5.6 

1.0 

2.6 

9.3 

1.5 

; . ) ' ' ; 

Birdsfoot trefoil * .... 

25.0 

2.7 

15.2 

4.6 

3.7 

1.1 

7.1 

11.7 

1.4 

h 1 

Bluegrass, Canada * . . 
Bluegrass, Kentucky, 

33.2 

1.9 

19.9 

9.5 

3.0 

1.2 

10.3 

16.1 

2.6 

I 

pasture 

Bluegrass, Kentucky, 

heading out 

Bluegrass, Kentucky, 

30.2 

4.1 

20.7 

4.0 

5.5 

1.2 

7.6 

13.4 

2.5 

174 

33.0 

4.4 

22.9 

4.2 

6.1 

1.3 

8.9 

14.6 

2.1 

5 

headed out 

Bluegrass, Kentucky, in 

36.4 

3.0 

21.9 

6.3 

4.8 

1.4 

10.6 

16.8 

2.8 

10 

seed 

Bluegrass, Kentucky, and 

42.2 

1.7 

21.2 

11.5 

4.0 

1.3 

14.7 

19.4 

2.8 

8 

white clover pasture * 
Bluejoint ( Calamagrostis 

24.0 

3.8 

16.6 

3.4 

4.9 

0.8 

4.4 

. 11.2 

2.7 

11 

Canadensis) * 

Bluestem pasture, very 
young ( Andropogon , 

44.6 

2.7 

25.1 

8.3 

4.1 

1.2 

15.2 ; 

20.0 

4.1 

3 

, s pp-) ° 

Bluestem pasture, ac- 

22.0 

2.1 

14.9 

6.1 

3.2 

0.7 

4.6 

11. 7; 

1.8 

5 

tive growth 

34.1 

1.3 

19.5 

14.0 

2.9 

: 0.8 

10.7 

16.7 

3.0 

70 

Bluestem, mature * . . . 
Bluestem, mature and 

50.8 

1.1 

27.0 

23.5 

3.6 

1.4 

17.5 

26.3 

2.0 

1 

weathered 

Bromegrass, smooth. 

84.7 

0 

37.3 


2.7 

1.6 

29.7 

43.6 

7.1 

36 

young pasture 

Bromegrass, smooth. 

25.0 

3.9 

18.3 

3.7 

5.1 

1.0 

5.8 

10.7 

2.4 

19 

heading out 

Bromegrass, smooth. 

30.0 

2.8 

20.3 

6.3 

4.2 

1.3 

9.0 

13.4 

2.1 

8 

mature 

Bromegrass, smooth, ma- 

53.0 

1.2 

27.9 

22.3 

2.8 

1.2 

19.3 

26.1 

3.6 

4 

ture and weathered * 
Bromegrasses, wild 

85.0 

0.7 

39.8 

55.9 

3.4 

1.1 

32.4 

43.1 

5.0 

6 

( Bromus , spp.) * . . 

36.1 

2.9 

23.5 

7.1 

4.4 

1.0 

11.6 

15.6 

3.5 


Buckwheat fodder .... 
Buffalo grass ( Buchloe 

36.6 

2.9 

21.7 

6.5 

4.6 

0.9 

8.0 

19.5 

3.6 

1 

dactyloides) 

36.7 

1.9 

20.5 

9.8 

3.5 

0.7 

9.8 

18.1 

4.6 

24 

Cabbage, entire ...... 

9.4 

1.9 

8.1 

3.3 

2.2 

0.3 

i.o 1 

5.0 

0.9 

6 



APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


;|; Feeding stuff 

Gree$ Roughages, 
Roots^etc. — Cont. 
Beets (roots), common 
Beets (roots), sugar . . 

Beggarweed . . \ 

Bent grass, Colonel, 

pasture 

Bermuda grass, in blo$m 
Bermuda grass pasture . 
Bermuda grass, Coastal, 
pasture fertilized with 

"Dgen 

B i'i. .. un, or Egyptian 

1 cu.vcr 

Biiu pot trefoil pasture 

Birdsfoot trefoil 

x luegrass, Canada .... 
Bluegrass, Kentucky, 

pasture 

Bluegrass, Kentucky, 

heading out 

Bluegrass, Kentucky, 

headed out 

Bluegrass, Kentucky, in 

seed 

Bluegrass, Ky., and 
white clover pasture 
Bluejoint ( Calamagrostis 
Canadensis) 

Bluestem pasture, very 
young ( Andropogon , 

, S PP-) ••••;••• 

Bluestem pasture, active 

growth 

Bluestem, mature .... 
Bluestem, mature and 

weathered 

Bromegrass, smooth, 

young pasture 

Bromegrass, smooth, 

heading out 

Bromegrass, smooth, 

mature 

Bromegrass, smooth, 
mature and weathered 
Bromegrasses, wild 
( Bromus, spp. ) .... 
Buckwheat fodder .... 
Buffalo grass ( Buchloe 

dactyloides ) 

Cabbage, entire 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

0.03 

0.04 

0.26 

0.28 

0.04 

0.04 

0.26 

0.25 


0.12 

0.67 

0.47 

0.19 

0.12 

0.91 

0.65 

0.14 

0.07 

0.58 

0.55 

0.14 

0.05 

0.45 

0.55 



0.66 


0.67 

0.06 

0.43 

0.42 



0.90 


0.44 

0.05 

0.59 

0.46 

0.14 

0.11 

0.48 

0.53 

0.16 

0.13 

0.88 

0.59 



0.98 


0.09 

0.10 

0.77 

0.73 

0.08 

0.13 

0.64 

0.87 

0.31 

0.11 

0.78 



0.10 

0.66 

•• 



0.51 


0.14 

0.05 

0.46 

0.46 

0.20 

0.07 

0.58 


0.36 

0.05 

0.43 


0.12 

0.08 

0.82 

0.79 



0.67 


0.14 

0.09 

0.45 



0.03 

0.54 



0.10 

0.70 

0.79 



0.74 


0.23 

0.06 

0.56 


0.06 

0.03 

0.35 

0.24 


Digestion coefficients 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


72 

0 

34 

97 

30 


73 

63 

[ 67 

; ■ 

65 

77 

59 

1 60 

79 
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FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients- 


• '■ 


- continued . 





Total 



Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 
: inatter 


Green Roughages 
Roots, etc. — Cont. 
Cabbage, head, with- 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

H 

1 

out outer leaves . . . 
Cabbage waste, outer 

7.6 

1.1 

6.6 

5.0 

1.4 

0.2 

0.9 

4.4 

/ 

0.7 


leaves 

15.8 

1.8 

10.6 

4.9 

2.6 

0.4 

2.7 

/7.1 

3.0 

3 

Cactus, cane, entire plant * 

21.0 

0.7 

12.3 

16.6 

1.5 

0.4 

3.3 

^12.4 

3.4 


Cactus, cane, fruit * . . 

18.6 

0.7 

11.3 

15.1 

1.5 

0.8 

3.2* 

10.4 

2.7 

35 

Cactus, cane, stems * . 
Cactus, prickly pear, 

21.7 

0.7 

12.5 

16.9 

1.5 

0.4 

3.4 

12.6 

3.8 

42 

all anal, 

Cactus, prickly pear. 

16.6 

0.4 

9.4 

22.5 

0.8 

0.3 

2.3 

9.8 

' M 

'99 

young joints * 

12.9 

0.4 

7.6 

18.0 

0.9 

0.4 

1.2 

7.S 



Carpet grass pasture . . 

25.0 

1.2 

16.0 

12.3 

2.3 

0.4 

6.6 

12.5 

JEf 

! . l£ 

Carrots, roots 

11.9 

0.9 

10.3 

10.4 

1.2 

0.2 

1.1 

8.2 


A , 

Carrot tops * 

16.0 

1.7 

12.4 

6.3 

2.1 

0.6 

2.9 

8.0 

mr ; 

1 1, 

Cassava roots 

32.6 

0 

25.7 


1.1 

0.3 

1.4 

28.8 

lx 

. Si, 

Chufa tubers * 

26.5 

0.8 

18.1 | 

21.6 

2.1 

1.8 

2.0 

18.8 

1.8 

-f 

Clover, alsike, pasture * 

22.0 

3.2 

15.7 ! 

3.9 

4.1 

0.9 

4.7 

10.4 

1.9* 

** 5 

Clover, alsike, in bloom * 

23.6 

2.7 

15.9 

4.9 

3.7 

0.7 

6.4 

10.5 

2.3 

22 

Clover, bur * 

20.8 

3.9 

15.1 

2.9 

5.1 

1.7 

3.9 

7.8 

2.3 

3 

Clover, crimson 

Clover, crimson, and 

17.4 

2.3 

11.3 

! 

3.9 

3.0 

0.6 

4.7 

7.4 

1.7 

22 

rye grass pasture * . . 

18.3 

3.0 

13.2 

3.4 

3.9 

1.1 

3.4 

8.0 

1.9 

30 

Clover, hop ... 

25.6 

2.8 

18.5 

5.6 

4.5 

1.0 

5.0 

13.4 

1.7 

11 

Clover, Ladino, pasture 
Clover, Ladino, and grass 

16.6 

3.3 

12.4 

■ 

2.8 

4.1 

0.8 , 

2.5 

7.5 

1.7 

42 

pasture, much Ladino* 
Clover, Ladino, and grass 

20.0 

2.6 

12.9 

4.0 

3.5 

0.5 

4.5 

9.1 

2.4 

36 

pasture, mostly grass * 
Clover, Ladino, and tall 

20.0 

2.0 

13.2 

5.6 

2.7 

0.6 

5.0 

9.6 

1 2.1 

54 

fescue * 

25.4 

3.8 

17.1 

3.5 

5.0 

1.4 

5.3 

11.1 

2.6 

118 

Clover, mammoth red * 

25.1 

2.8 

16.4 

4.9 

4.0 

0,5 

7.3 

11.0 

2.3 

7 

Clover, red, all analyses 

24.5 

2.8 

16.6 

4.9 

4.0 

0.9 

6.5 

11.0 

2.1 

137 

Clover, red, pasture . 

18.1 

2.8 

13.2 

3.7 

3.7 

0.9 

2.9 

9.0 

1.6 

6 

Clover, red, in bloom , 

27.3 

3.0 

19.0 

5.3 

4.1 

1.1 

7.7 

12.4 

2.0 

51 

Clover, red, second crop * 
Clover, sweet, before 

34.4 

3.8 

24.1 

5.3 

5.3 

1.3 

9.1 

16.2 

2.5 

7 

bloom 

20.8 

3.2 

12.8 

3.0 

4.1 

0.7 

4.9 

9.2 

1.9 

13 

Clover, sweet, in bloom 

29.2 

3.8 

19.1 

4.0 

1 4.9 

0.8 

9.5 

11.8 

2.2 

11 

Clover, white, pasture * 
Clover and mixed 

17.8 

4.1 

12.9 

2.1 

5.1 

0.6 

2.8 

7.2 

2.1 

139 

grasses, hay stage . . 
Clover and mixed grass 

27.3 

1.9 

18.9 

8.9 

3.0 

0.9 

8.5 

13.3 

1.6 

19 

pasture, well grazed 
Corn ears, sweet, in- 

20.0 

3.4 

13.9 

3.1 

4.5 

0.8 

3.6 

9.6 

1.5 

15 

cluding husks * .... 
Corn fodder, dent, all 

37.8 

2.1 

29.2 

12.9 

3.8 

2.6 

4.3 

26.2 

0.9 

3 

anal. 

Corn fodder, dent, in 

24.0 

1.2 

16.3 

12.6 

2.0 

0.6 

5.6 

14.5 

1.3 

340 

tassel 

15.0 

1.0 

9.7 

8.7 

1.6 

0.3 

4.2 

7.8 

LI 

19 





APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

\ Gre||rRougha ges, 
Rooi&etc. — Cont. 
Cabbage* head, without 

outer leaves 

Cabbage waste, aiter 

leaves . . . 

Cactus, cane, entire plant 
Cactus, cane, fruit . .7 . 
Cactus, cane, stems . . 
Cactus, prickly pear, all 

axial,- 

C is Jjfc ickly pear, 

B ? * ’-Hknts 


c-'.^'JWks pasture . . 



Birds Alp 

Bbr /roots 

... tubers 

ClovSt alsike, pasture . 
Clover, alsike, in bloom 

Clover, bur 

Clover, crimson 

Clover, crimson, and rye 

grass pasture 

Clover, hop 

Clover, Ladino, pasture 
Clover, Ladino, and grass 
pasture, much Ladino 
Clover, Ladino, and grass 
pasture, mostly grass 
Clover, Ladino, and tall 

fescue 

Clover, mammoth red . . 
Clover, red, all analyses 
Clover, red, pasture . . 
Clover, red, in bloom . . 
Clover, red, second crop 
Clover, sweet, before 

bloom 

Clover, sweet, in bloom 
Clover, white, pasture . 
Clover and mixed 
grasses, hay stage . . . 
Clover and mixed grass 
pasture, well grazed . 
Com ears, sweet, includ- 
ing husks 

Corn fodder, dent, all 

anal 

Com fodder, dent, in 
tassel 


Mineral and fertilizing constituents 

1 Digestion coefficients 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

0.05 

0.03 

0.22 

0.25 

77 

43 

100 

100 



0.42 


69 

44 

81 

87 

. . 

0.01 

0.24 

0.17 



; 


* » 


0.24 







0,04 

0.24 

0.40 





1.52 

0.02 

0.13 

0.42 

44 

72 

40 

78 


0.02 

0.14 

0.27 





0.10 

0.04 

0.37 

0.23 

50 

84 

55 

84 

0.05 

0.04 

0.19 

0.25 

73 

77 

100 

97 

0.31 

0.03 

0.34 

0.30 






0.04 

0.18 

0.33 

'2 

52 

57 

85 

0.01 

0.07 

0.34 

0.14 





0.32 

0.06 

0.66 






0.30 

0.06 

0.59 

0.61 







0.82 


■ 




0.24 

0.05 

0.48 

0.54 

77 

66 

56 

74 

0.12 

0.12 

0.62 






0.26 

0.09 

0.72 

0.52 

63 

51 

71 

82 

0.21 

0.07 

0.66 

0,31 

81 

60 

67 

84 

0.30 

0.08 

0.56 






0.16 

0.07 

0.43 






0.19 

0.09 

0.80 








0.64 






0,41 

0.06 

0.64 

0.57 

71 

67 

57 

79 

0.35 

0.05 

0.59 

0.47 

77 

69 

54 

83 

0.48 

0.09 

0.66 

0.54 

72 

75 

58 

79 

0.48 

0.09 

0.85 

0.79 





0.34 

0.10 

0.66 


79 

52 

50 

68 

0.36 

0.07 

0.78 

0.42 

77 

50 

66 

69 

0.25 

0.09 

0.82 

0.38 





0.16 

0.08 

0.48 


62 

60 

66 

77 

0.23 

0.07 

0.72 

0.71 

75 

52 

74 

72 



0.61 






0.07 

0.05 

0.32 

0.30 

59 

74 

63 

73 



0.26 


61 

69 

64 

71 


* 
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FEEDS AND FEEDING 


Table I. Average composition and digestible nutrients — continued. 





Total 



Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No, of : 
.. anal. 

Green Roughages, 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Roots, etc. — Cont. 
Corn fodder, dent, in 
milk 

19.9 

0.9 

13.7 

14.2 

1.6 

0.5 

5.1 

11.6 

1.1 

29 

Corn fodder, dent, 
dough to glazing . . . 

26.9 

1.2 

19.1 

14.9 

2.1 

0.7 

6.2 

i/{& 

1 24.2 

1.3 

62 

Corn fodder, dent, 
kernels ripe 

37.7 

1.7 

26.0 

14.3 

3.0 

1.0 

7.8 < 

1.7 

20 

Corn fodder, dent, 
drouth-stricken corn * 

26.4 

1.5 

17.8 

10.9 

2.6 

0.4 

6.8 

15.0 

1.6 

18 

Corn fodder, flint, 
all anal.* 

22.3 

1.2 

15.2 

11.7 

2.0 

0.6 

4.9 

13.6 

1.2 

139 

Corn fodder, flint, in 
tassel * 

11.6 

0.9 

7.4 

7.2 

1.5 

0.3 

3.3 

5,5 

1.0 

J v • 13 

Corn fodder, flint, in 
milk * 

17.0 

0.9 

11.5 

11.8 

1.6 

0.3 

4.2 

9.8 

1.1 

12 

Corn fodder, flint, 
dough to glazing * . 

24.7 

1.3 

17.7 

12.6 

2.2 

0.8 

5.1 

15.3 

1.3 

33 

Corn fodder, flint, 
kernels ripe * 

41.2 

2.0 

28.5 

13.3 

3.5 

1.3 

8.1 

26.2 

2.1 

10 

Corn fodder, popcorn, 
young * 

16.9 

0.8 

10.9 

12.6 

1.3 

0.4 

6.0 

8.2 

1.0 

2 

Corn fodder, sweet, be- 
fore milk * 

10.0 

0.6 

6.4 

9.7 

1.0 

0.3 

2.5 

5.2 

1.0 

5 

Corn fodder, sweet, 
roasting ears or later 

20.3 

1.2 

14.2 

10.8 

1.9 

0.6 

4.4 

12.2 

1.2 

55 

Corn leaves and tops * 

15.9 

1.2 

10.4 

7.7 

1.9 

0.6 

4.4 

7.8 

1.2 

2 

Corn stover, green, field 
com ( ears removed ) 

22.7 

0.5 

13.0 

25.0 

1.3 

0.4 

6.0 

13.6 

1.4 

18 

Com stover, sweet 
(ears removed) * . . 

21.5 

. 

0.6 

12.2 

19.3 

1.6 

0.4 

5.6 

*12.6 

1,3 

3 

Cowpeas 

16.3 

2.2 

10.8 

3.9 

3.0 

0.5 

3.8 

7.0 

2.0 

147 

Cowpeas and corn * . . 

20.0 

1.3 

13.2 

9.2 

2.1 

0.4 

5.3 

10.4 

I 1.8 

1 

Crab grass * 

30.9 

1.5 

17.6 

10.7 

2.7 

1.0 

9.1 

13.8 

4.3 

6 

Crotalaria intermedia * 

25.6 

2.3 

10.6 

3.6 

3.7 

0.6 

10.3 

9.7 

1,3 

21 

Dallis grass pasture * . 

25.0 

2.2 

16.0 

6.3 

3.0 

0.6 

7.2 

11.0 

3.2 

31 

Dallis grass, in bloom * 

30.0 

1.3 

17.4 

12.4 

2.1 

0.7 

9.7 

14.6 

2.9 

1 

Darso fodder * 

29.0 

0.7 

19.5 

26.9 

1.3 

0.6 

7.3 

17.7 

2.1 


Desmanthus, or dwarf 
koa (Desmanthus 
virgatus) 

44.2 

3.2 

24.0 

6.5 

5.2 

0.9 

19.6 

16.0 

2.5 

1 

Dropseed, alkali, young 
( Sporobolus airoides ) * 

35.0 

2.5 

22.8 

8.1 

3.7 

0.7 

11.9 

15.4 

3.3 

6 

Dropseed, alkali, in 
bloom * 

40.0 

1.3 

21.8 

15.8 

2.5 

0.7 

14.5 

18.6 

3.7 

4 

Dropseed, mesa, in 
bloom (Sporobolus 
jlexuosus) 

35.0 

2.4 

22.1 

8.2 

3.1 

0.6 

13.5 

15.6 

2.2 

1 

Dropseed, mesa, nearly 
mature 

50.0 

1.8 

27.1 

14.1 

3.6 

0.6 

18.7 

24.6 

2.5 

1 

Durra fodder ** 

22.4 

1.1 

14.8 

12.5 

2.0 

0.6 

6.2 

11.8 

1.8 

3 

Fescue, meadow * . 

30.5 

1.6 

18.5 

10.6 

3.0 

1.0 

10.1 

14.0 

2.4 

33 



APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Mineral and fertilizing constituents 


Feeding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Green Roughages, 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Roots, etc. — Cont. 
Corn fodder, dent, in 
milk . . . 



0.26 


Corn fodder, dent, 
dough to glazing .... 

0.08 

0.07 

0.34 

0.38 

Com fodder, dent, ker- 
nels ripe ? . . 

0.11 

0.07 

0.48 

0,37 

Corn fodder, dent, 
drouth-stricken com . 



0.42 


Corn fodder, flint, all 
ana}. 


0.04 

0.32 

0.33 

C' A odder, flint, in 

UJst 



0.24 , 



Com fodder, flint, in 

milk 

C rn fodder, flint, dough 

to glazing 

Corn fodder, flint, ker- 
nels ripe 

Corn fodder, popcorn, 

young 

Corn fodder, sweet, 

before milk 

Corn fodder, sweet, 
roasting ears or later 
Corn leaves and tops 
Corn stover, green, field 
corn (ears removed) 
Corn stover, sweet (ears 

removed ) 

Cowpeas 

Cowpeas and corn .... 

Crabgrass 

Crotalaria intermedia . . 
Dallis grass pasture . . . 
Dallis grass, in bloom 

Darso fodder 

Desmanthus, or dwarf 
koa ( Desmanthus 

virgatus) 

Dropseed, alkali, young 
( Sporobolus airoides ) 
Dropseed, alkali, in 

bloom 

Dropseed, mesa, in 
bloom ( Sporobolus 
ftexuosus) . . . . 
Dropseed, mesa, nearly 

mature 

Durra fodder 

Fescue, meadow 


0.06 0.50 

0.09 0.58 

0,32 

0.12 ~&48 


rents Digestion coefficients 

Potas- N-free 

sium Protein Fat Fiber extract 


0.26 

0.35 

0.56 

0.21 

0.16 0.16 


0.48 0.43 

0.34 


68 

68 

62 

40 

63 

53 




FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 

I I I Total I 1 Average total composition 


Feeding stuff 

Green Roughages, 
Roots, etc. — Cont. 
Fescue, sheep, pasture * 
Fescue, tall, young 

pasture 

Fescue, tall, older .... 
Fescues, native 
( Festuca , spp. ) * 

Flat pea 

Grama grass, black, 
growing ( Bouteloua 

eriopoda ) * 

Grama grass, black, 

nearly mature 

Grama grass, black, 

mature 

Grama grass, blue, 
growing ( Bouteloua 

gracilis ) * 

Grama grass, blue, 

nearly mature 

Grama grass, blue, ma- 
ture and weathered . 

Grapefruit * 

Grasses, mixed, pasture 
Grasses, mixed, hay 

stage 

Grasses, mixed, in seed * 
Grasses, mixed, second 

crop * 

Greasewood * 

Guinea grass 

Honeysuckle, part eaten 
( Lonicera Japonica) 
Horse bean fodder . . . 
Jack bean fodder * . . . 
Johnson grass pasture * 
Johnson grass, in bloom * 
Kafir fodder, all anal.* 
Kafir fodder, heading 

out * 

Kale 

Kale, marrow-stem 

Koa haole 

Kohlrabi * 

Kudzu * 

Lespedeza, annual, pas- 
ture before bloom * 
Lespedeza, annual, in 

bloom * 

Lespedeza, annual, 
seed ripe * 


Total 

dry 

matter 

Dig. 

pro- 

tein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Per ct. 

Per ct. 

Per ct. 

1: 

32.9 

3.2 

20.5 

5.4 

25.0 

3.2 

17.8 

4.6 j 

30.0 

2.2 

18.3 

7.3 

36.0 

1.9 

21.8 

10.5 

22.5 

5.5 

15.3 

1.8 

49.6 

4.1 

28.5 

6.0 

50.0 

2.6 

24.9 

8.6 

64.6 

2.0 

30.2 

14.1 

49.5 

4.3 

27.6 

5.4 

64,6 

2.4 

28.1 

10.7 

85.0 

0.4 

33.7 

83.3 

13.6 

0.3 

11.6 

37.7 

28.1 

3.7 

19.4 

4.2 

30.8 

1.9 

21.2 

10.2 

42.2 

1.0 

21.1 

20.1 

28.2 

2.7 

17.8 

5.6 

50.0 

7.3 

23.3 

2.2 

26.8 

0.8 

13.8 

16.3 

40.6 

2.7 

23.0 

7.5 

17.4 

2.7 

11.6 

3.3 

23.2 

4.0 

14.2 

2.6 

25.0 

2.5 

15.6 

5.2 

35.0 

! 1.5 

20.6 

12.7 

23.6 

1.2 

14.4 

11.0 

19.9 

0.8 

12.2 

14.3 

11.8 

1.9 

8,0 

3.2 

13.8 

1.8 

10.0 

4.6 

29.4 

3.9 

17.5 

3.5 

9.0 

1.5 

7.0 

3.7 

30.6 

4.2 

19.9 

3.7 

25.0 

2.9 

14.2 

3.9 

28.5 

1.8 

13.9 

6.7 

37.2 

1.6 

15.6 

8.8 


Fat 

Fiber 

N-free 

extract 

Per ct. 

Per ct. 

Per ct. 

1.1 

8.8 

14.7 

1,3 

5.9 

IKS 

1.6 

7.7 

VIS 

0.8 

12.5' 

16.7 

0.8 

6.3 

7.6 

0.8 

15.1 

24.1 

0.9 

15.9 

24.9 1 

1 

1.0 

21.7 

33.6 

0.9 

14.2 

23.2 

1.0 

18.9 

31.2 

0.9 

32.8 

41.6 


l.f 39 


1.3 10.6 14.1 1.8 

0.8 15.7 20.6 2.2 

1.5 7.3 12,3 2.4 

1.3 12.8' 18.0 7.5 

0.4 11.5 10.5 3.0 

2.0 9.4 21.8 3.3 

0.5 4.1 7.6 1.7 

0,5 6.4 8.4 2.7 

0.7 7.4 10.5 2.8 

0.8 11.4 16,5 3.5 

0.7 6.6 12.0 1.9 


0.4 6.5 10.1 1.3 

0.5 1,6 5.5 1.8 

0.4 2.2 7.1 1.9 

0.6 9.7 12,2 1.8 

0.1 1.3 4.3 1.3 

1.0 8.3 13.6 2.2 

0.5 8.0 9.2 3,2 

0.6 12.9 9,0 2,4 

0.9 16.1 12.2 2.9 I 


V 

18 4 


Table I. 


APPENDIX 

Average composition and digestible nutrients — continued. 
Mineral and fertilizing constituents Digestion coeffi 


Feeding stuff 


Green Roughages, 
Roots, etc.— Cont. 
Fescue, sheep, pasture . 
Fescue, tall, young 
pasture ..... .< ... . . 
Fescue, tall, older . . . 
Fescues, native 

( Festuca , spp. ) . . » . 

Flat pea 

Grama grass, black, 
growing ( Bouteloua 

eriopodg ) 

^ *rl$s, black, 

tt.. fytf&rture 

I, Ccvnaf Cfass, black, 

' 4 iatur7’ •. ■ 

^ Gi i* grass, blue, 

growing ( Bouteloua 

gracilis ) 

Grama grass, blue, 

nearly mature 

Grama grass, blue, 
mature and weathered 

Grapefruit 

Grasses, mixed, pasture 
Grasses, mixed, hay 

stage 

Grasses, mixed, in seed 
Grasses, mixed, second 

crop 

Greasewood 

Guinea grass 

Honeysuckle, part eaten 
( Lonicera Japonica ) 
Horse bean fodder .... 

Jack bean fodder 

Johnson grass pasture . 
Johnson grass in bloom 
Kafir fodder, all anal. . 
Kafir fodder, heading 

out 

Kale 

Kale, marrow-stem .... 

Koa haole 

Kohlrabi 

Kudzu 

Lespedeza, annual, pas- 
ture, before bloom . . 
Lespedeza, annual, in 

bloom 

Lespedeza, annual, seed 
ripe 


Mineral and fertilizing constituents Digestion coefficients 

Phos- Nifcro- Potas- N-free 

Calcium phorus gen sium Protein Fat Fiber extract 

Perct. Perct. Per ct. Per ct. Perct. Per ct. Per ct. Per et. 

0.10 0.08 0.90 0.37 .. 

0.19 0.12 0.70 73 72 70 74 

0.09 0.06 0.59 0.60 60 59 63 64 

0.13 0.09 0.56 . . . . 

0.11 0.11 0.99 . . 88 65 49 73 


0.16 0.07 0.88 

0.15 0.06 0.59 

0.15 0.07 0.66 

0.20 0.08 0.91 

0.14 0.08 0.83 

0.24 0.06 0.48 

0.07 0.02 0.18 


88 65 49 73 

69 47 56 50 

49 54 53 46 


0.09 0.78 0.66 75 

0.07 0,48 0.41 63 

0.46 

0.10 0.75 0.36 

0.10 1.66 

0.22 . . 57 

0.66 . . 67 

0.05 0.56 0.36 78 

0.83 

0.07 0.58 

0.06 0.45 

0.04 0.38 0.40 

0.26 

0.06 0.38 . . 79 

0.35 . . 80 

0.85 . . 74 

0.07 0.32 0.37 

0.07 0.88 

0.07 0.66 0.32 

0.06 0.58 0.30 

0.06 0.82 0.34 
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FEEDS AND FEEDING 


Table I. Average composition and digestible nutrients continued. 


Feeding stuff 


Green Roughages, 
Roots, etc. — Cont. 
Lovegrass, weeping, 

pasture * 

Lovegrass, weeping, 

more mature * 

Lupine fodder, sweet . 

Mangels, roots 

Melons, pie, or stock* 
Mesquite grass, pasture, 
curly, ( Hilar ia Belan- 

geri) * 

Millet, foxtail varie- 
ties 

Millet, Japanese, fodder 
Millet, Japanese, pasture * 
Millet, hog, or proso * 
Millet, pearl, pasture * 

Milo fodder * 

Molasses grass ( Melinis 

minutiflora) 

^Napier grass, immature 
Napier grass, more ma- 
ture * 

Napier grass pasture, 
part eaten by stock , 

Oat grass, tall * 

Oat pasture, before 

heading * 

Oats, headed out 

Oats, wild ( Avena 

fatua ) * 

Oranges * 

Orchard grass, young 

pasture 

Orchard grass, heading 
Orchard grass, in bloom 

/Para grass 

Parsnips, roots * 

Pasture grasses and leg- 
umes, mixed, from 
well-grazed, fertile 
pasture, northern 

states 

Pasture grasses and leg- 
umes, mixed, from 
well-grazed, fertile 
pasture, southern 

states * 

Pasture grasses, with 
small proportion of 
legumes, fertile pas- 
ture, northern states 


Total 

dry 

matter 

Dig. 

pro- 

tein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

j Average total composition 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


44.3 

2.8 

27.9 

CD 

O 

4.2 

1.4 

14.2 

22.0 

2.5 

108 

55.0 

2.4 

31.0 

11.9 

3.7 

1.6 

17.9 

28.9 

2.9 

24 

17.4 

2.6 

11.5 

3.4 

3.4 

0.6 

4.6 

'7.2 

1.6 

9 

9.2 

0.9 

7.1 

6.9 

1.3 

0.1 

0.8 f 

6.0 

1.0 

40 

6.1 

0.5 

4.8 

8.6 

0.7 

0.2 

1.4 

3.4 

0.4 

3 

35.0 

2.1 

20.6 

00 

CO 

cd 

0.7 

9.6 

16.6 

4.7 

8 

29.9 

1.8 

18.7 

9.4 

2.9 

0.8 

9.4 

14,3 

2,5 

1 34 

21.7 

1.0 

14.2 

13.2 

1.7 

0.6 

6.8 

11.0 

1.6 

46 

21.3 

1.7 

13.2 

6.8 

2.8 

0.5 

5.6 

10.0 

2.* 

5 

24.7 

1.2 

15.6 

12.0 

2.0 

0.6 

7.4 

12.9 

1.8 

.* 11 

20.6 

1.3 

12.8 

8.8 

2.1 

0.6 

6.4 

9.6 

1.9 

m . 

22.7 

0.7 

13.0 

17.6 

1.8 

0.4 

7.0 

12.1 

1.4 

9 

39.0 

0.3 

20.2 

66.3 

1,3 

0.9 

16.0 

18.0 

2.8 

4 

22.0 

0.7 

12.6 

17.0 

1.1 

0,3 

9.0 

9.0 

2.6 

205 

27.1 

0.7 

14.8 

20.1 

1.2 

0.6 

10.4 

11.9 

3.0 

12 

18.9 

1.4 

12.1 

7.6 

2.1 

0.5 

6.1 

8.5 

1.7 

20 

30.3 

1.4 

17.4 

11.4 

2.6 

0.9 

10.5 ; 

14.3 

2.0 

31 

14.1 

2.4 

9.2 

2.8 

3.2 

0.6 

2.8 : 

5.5 

2.0 

31 

26.6 

1.8 

16.9 

8.4 

2.5 

0.9 

7.8 

13.3 

2.1 

9 

36.6 

1.9 

23.6 

11.4 

2.6 

1.4 

8.6 

21.3 

2.7 

5 

15.9 

0.9 

14.1 

15.7 

1.2 

0.3 

1.8 

11.9 

0.7 

1 

23.9 

3.2 

15.9 

4.0 

4.4 

1.2 

5.6 

10.0 

2.7 

51 

27.5 

2.3 

18.2 

6.9 

3.5 

1,3 

8.1 

12.4 

2.2 

16 

30.5 

1.5 

18.3 

11.2 

2.6 

1.0 

10.7 

13.9 

2.3 

! 28 

27.8 

1.0 

14.9 

13.9 

1.8 

0.4 

10.0 

12.7 

2.9 

8 

16.6 

1.2 

14.8 

11.3 

1.7 

0.4 

1.3 I 

11.9 

1.3 

2 

22.0 

3.8 

15.0 

2.9 

5.0 

0.9 

4.8 

94 

1.9 

703 

25.1 

2.9 

16.7 

4.8 

3.8 

0.8 

6.7 

11.8 

2.5 

1201 

22.0 

2.8 

14.6 

4.2 

3.8 

1.0 

5.3 

9.9 

2.0 

183 



APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Green Roughages, 
Roots, etc. — Cont. 
Lovegrass, weeping, 

pasture 

Lovegrass, weeping, 
more mature . 

Lupine fodder, sweet . . 
Mangels, roots ....?.. 
Melons, pie, or stock . . 
Mesquite grass, pasture, 

^ curly, (Hilaria Belon- 
ged ) 

Mi 1 . , foxtail varie- 



Millet> Japanese, fodder 
Millet) Japanese, pasture 
Mhlet, hog, or proso . . 

■JMet, pearl, pasture . 

Milo fodder 

Molasses grass ( Melinis 

minutiflora) 

Napier grass, immature 

Napier grass, more 

mature 

Napier grass pasture, 
part eaten by stock . 

Oat grass, tall 

Oat pasture, before 

heading 

Oats, headed out 

Oats, wild ( Avena 

fatua ) 

Oranges 

Orchard grass, young 

pasture 

Orchard grass, heading 
Orchard grass, in bloom 

Para grass 

Parsnips, roots 

Pasture grasses and leg- 
umes, mixed, from 
well-grazed, fertile 
pasture, northern 

states 

Pasture grasses and leg- 
umes, mixed, from 
well-grazed, fertile 
pasture, southern 

states 

Pasture grasses, with 
small proportion of 
legumes, fertile pas- 
ture, northern states 


Mineral and fertilizing constituents 

Phos- Nitro- Potas- 

Calcium phorus gen sium 


Digestion coefficients 


Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 


0.46 0.58 

0,27 0.52 

0.45 
0.32 


52 61 75 

0 69 94 


0.84 .. 65 

0.42 0.91 


0.63 72 

66 
58 

0.44 56 

0.52 


0.08 0.80 0.53 75 


0.09 0.61 0.37 


0.07 0.61 0.38 || 74 


73 68 



FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Green Roughages, 
Roots, etc. — Cont. 
Pasture grasses, with 
small proportion of 
legumes, fertile pas- 
ture, southern states * 
Pasture grasses, from 
closely-grazed poor to 
fair pasture, northern 

states . . . 

Pasture, temporary win- 
ter, southern states * 
Pasture grasses and clo- 
vers at hay stage . . 
Pasture grasses, western 
plains, active growth 
Pasture grasses, western 
plains, late summer . 
Pasture grasses, western 

plains, mature 

Pasture grasses, western 
plains, mature and 

weathered 

Peas, field 

Pea pods 

Peas and barley 

Peas and oats 

Peas, oats, and rape * . 

Pigeon pea 

Pineapple tops * 

Potatoes, tubers 

Potato peelings 

Potato pomace, wet * . 

Prickly comfrey * .... 
Pumpkins, field, entire 
Pumpkins, with seeds 
and inside tissue re- 
moved 

Purslane * 

Quack grass pasture . . 
Quack grass, hay stage 

Rape 

Rape, leaves and leaf 
stalks * 

Red top, pasture * . . . . 
Red top, in bloom .... 
Reed canary grass pas- 
ture * 

Reed canary grass, hay 

stage ** 

Rescue grass, pasture ** 


Total 

Total Dig. dig. 

dry pro- nutri- 

matter tein ents 


Per ct. Per ct. 1 : 


1.3 9.0 


3.0 15.3 j 4.1 


Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free Minera 
extract matte 

1 , No. .of 
. ■■■ anal. 

1: 

Per ct. 

Per ct 

Per ct 

Per ct. Per ct 


5.5 

3.2 

0.7 

6.5 

^1.5 3.1 

29 

4.7 

4.7 

0.8 

6.5 

14.5 3.7 

40 

2.1 

5.1 

0.9 

2.4 

7.4 1.2 


6.9 

3.4 

0.9 

9.8 

16.6 2/ 

34 

8.1 

3.5 

0.9 

11,1 

18.9 2J 

• 48 

16.6 

2.6 

1.2 

17.0 

25.8 3.4 

.,47 

26.7 

2.6 

1.1 

22.9 

34.2 4.2 

36 

80.8 

2.7 

1.6 

33.7 

45.6 7.2 

82 

3.2 

3.5 

0.6 

4.3 

7.3 1.6 

46 

8.4 

1.8 

0.3 

3.0 

6.9 0.9 

1 

3.6 

3.6 

0.8 

5.2 

* 8.9 1,7 

11 

5.0 

3.2 

0.9 

| 6.4 

>i0.3 1.9 

54 

3.7 

3.1 

0.8 

4.3 

7.0 2.7 

3 

6.4 

5.2 

1.7 

16.9 

16.0 1.9 

18 

8.3 

1.6 

0.5 

3.7 

8.7 1.5 

3 

12.4 

2.2 

0.1 

0.4 

17.4 1.1 

469 

20.0 

2.1 

0.1 

0.7' 

17.0 1.3 

1 


0.7 

0.1 

0.9 

6.3 0.3 

2 

3.1 

2.5 

0.3 

1.8 

5.9 2.3 

20 

5.9 

1.7 

1.0 

1.6 

5.2 0.9 

8 

5.3 

1.2 

0.2 

1.1 

4.3 0.5 

3 

2.9 

2.2 

0.3 

1.5 

4.4 1.9 

3 

4.6 

3.9 

1.1 

7.1 

10.3 2.3 

8 

11.1 

2.3 

0.9 

11.3 

15.7 1.8 

6 

4.3 

2.9 

0.6 

2.6 

8.0 2.2 

40 

2.5 

4.3 

0.6 

1.0 

7.9 1.6 

3 

3.9 

4.9 

1.1 

5.7 

11.6 2.7 

36 

11.8 

2.9 

1.1 

12.6 

19.8 2.6 

8 

4.1 

4.3 

1.1 

5.5 

11.6 2.5 

2 

L0.7 

2.0 

0.8 

10.5 

15.0 1.7 

3 

4.2 | 

5.0 

1.0 

6.7 

12.2 j 4.0 

9 



APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


1031 


Feeding stuff 


Mineral and fertilizing constituents 


Calcium 


Phos- 

phorus 


Nitro- 

gen 


Potas- 

sium 


Digestion coefficients 


Protein 


Fat 


Fiber 


N-free 

extract 


No. of 
trials 


Green Roughages, 
Roots, etc. — Cont. 

Pasture grasses, with 
small proportion of 
legumes, fertile pas- 
ture, southern states . 

Pasture grasses, from 
closely-grazed poor * 
to fair pasture, 
northern states 



'asture, temporary win- 
ter, southern states . . 
Mi , , ' grasses and do- 
ries t hay stage . . . 
Millet ' grasses, western 
Milk •, active growth 
Pasurie grasses, western 
^kinS, late summer . 
Pasture grasses, western 

plains, mature 

Pasture grasses, western 
plains, mature and 
weathered 

Peas, field 

Pea pods 

Peas and barley . >. . . . 
Peas and oats . . . . 

Peas, oats, and rape t . . 

Pigeon pea 

Pineapple tops ....... 

Potatoes, tubers 

Potato peelings 

Potato pomace, wet . . . 

Prickly comfrey 

Pumpkins, field, entire . 
Pumpkins, with seeds 
and inside tissue 
removed 

Purslane 

Quack grass pasture . . . 
Quack grass, hay stage 

Rape 

Rape, leaves and leaf 
stalks 

Red top, pasture 

Red top, in bloom .... 
Reed canary grass pas- 
ture 

Reed canary grass, hay 

stage 

Rescue grass, pasture . . 


Per ct. 


0.15 


0.14 


0.11 

0.15 

0.20 


0.28 

0.21 

0.19 

0.16 

0.17 


0.01 

0.03 

0.01 


0.02 

0.09 

0.09 

0.24 


0.17 

0.13 

0.08 

0.08 

0.15 


Per ct. 


0.08 


0.04 


0.05 

0.05 

0.03 


0.04 

0.04 

0.03 

0.07 

0.07 

0.07 


0.05 

0.04 

0.03 

0.07 

0.04 


0.04 

0.04 

0.08 

0.07 

0.07 


0.10 

0.09 

0.09 

0.06 

0.08 


Per ct. 


0.51 

0.75 

0.82 

0.54 

0.56 

0.42 

0.42 

0.43 

0.56 

0.29 

0.58 

0.51 

0.50 

0.83 

0.26 

0.35 

0.34 

0.11 

0.40 

0.27 


0.19 

0.35 

0.62 

0.37 

0.46 

0.69 

0.78 

0.46 

0.69 

0.32 

0.80 


Per ct. 


0.25 


0.25 


Per ct. 


Per ct. 


Per ct. 


Per ct. 


0.26 

0.30 

0,38 

0.37 


0.48 

o.ii 

0.58 

0.27 


0.26 

0.94 

0.55 


0.55 

0.83 


68 

74 

65 

54 

44 


20 

84 

53 

75 

74 

64 

59 

40 


75 


93 

78 

66 

82 


61 


51 

35 

52 
41 
52 


18 

58 
57 

59 
64 

62 

26 

39 


92 


93 

40 

49 

50 


50 


70 

54 

66 

56 

54 


57 

62 

79 

52 

59 

42 

0 

14 


63 


100 

75 

53 

87 


61 


65 

68 

61 

49 

46 


45 

80 

83 

68 

68 

73 

92 

93 


89 


100 

72 

61 

93 


62 


14 

9 

18 

24 

16 


20 

14 f 
8 f 
4 
10 

20 

17 f 

St 


2 

3 

9 

13 f 




FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Green Roughages, 
Roots, etc. — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Rescue grass, heading * 

30.0 

2.8 

20.1 

6.2 

4.2 

1.0 

9.2 

13.4 

2.2 

1 

Rhodes grass 

Rushes, western 

25.3 

1.1 

15.1 

12.7 

1.8 

0.4 

9.5 

10.8 

2.8 

13 

(J uncus, spp.) * ... 

31.1 

2.2 

19.2 

7.7 

3.4 

0.6 

9.8 

ifi 

2.2 

11 

Russian thistle * 

30.0 

2.2 

13.0 

4.9 

3.4 

0.6 

9.0 

12.5 

4.5 

12 

Rutabagas, roots 

11.1 

1.0 

9.5 

8.5 

1.3 

0.2 

1.4 

" 7.2 

1.0 

11 

Rye pasture * 

19.5 

4.0 

12.8 

2.2 

5.3 

0.9 

3.4 

7.5 

2.4 

31 

Rye fodder 

22.3 

2.1 

16.3 

6.8 

2.6 

0.8 

7.6 

9.6 

1.7 

41 

Rye grass, Italian * . . . 
Rye grass, Italian, pas- 

27.1 

1.9 

18.3 

8.6 

3.1 

1,3 

6.8 

13.4 

2.5 

25h 

ture * 

20.0 

2.9 

12.1 

3.2 

3.9 

0.8 

4.0 

7.5 

3.8 

16 

Rye grass, perennial . . 
Rye grass, perennial, 

26.6 

1.9 

18.0 

8.5 

3.0 

1.3 

6.7 

13.2 

2.4 

! 

young pasture * . . . . 

20.0 

4.1 

12.4 

2.0 

5.4 

0.8 

3.6 

6.8 

3.4 

"'■'6 

Sagebrush 

51.3 

5.0 

26.6 

4,3 

6.6 

4.7 

12.7 

22.3 

5.0 

12 

Sagebrush leaves * ... 
Saint Augustine grass, 

50.0 

3.5 

31.6 

8.0 

8.4 

7.9 

6.3 

24.0 

3.4 

--3 

pasture * 

18.1 

1.9 

11.4 

5.0 

2.7 

0.5 

5.4 

8.2 

1.3 

3 

Saltbush, Australian . . 

23.3 

3.1 

10.6 

2.4 

3.7 

0.4 

4.4 

9.4 

5.4 

7 

Saltbush leaves * 

28.0 

2.8 

12.1 

3.3 

4.2 

0.6 

3.4 

12.3 

7,5 

18 

Saltbush winter range . 
Saltbushes, miscellane- 

85.0 

2.8 

39.2 

13.0 

6.7 

4.0 

24.4 

34.8 

15.1 


ous 

Sanfoin ( Onohrychis 

28.9 

1.8 

9.2 

4.1 

2.8 

0.5 

7.8 

12.5' 

5,3 

15 

viciaefolia ) 

25.6 

2.8 

16.3 

4.8 

3.8 

0.8 

6.2 

12.4 

2.4 

4 

Serradella # 

20.2 

2.2 

12.2 

4.5 

2.9 

0.7 

4.8 

8.8 

3,0 

8 

^Sorghum fodder, sweet 

24.9 

0.8 

17.3 ! 

20.6 

1.5 

1.0 

7.0 

14,0* 

1.4 

94 

Sotol heads, or bulbs . . 
/Soybean forage, all 

39.7 

0.9 

24.8 

26.6 

2.2 

0.6 

10.4- 

24.8 1 

1.7 

7 

analyses 

24.0 

3.2 

15.2 

3.8 

4.1 

1.0 

6.6 

* 9.9 

2.4 

268 

Soybeans, before bloom * 

20.0 

2.4 

12.8 

4.3 

3.2 

1.0 

5.9 

8.1 

1.8 

23 

Soybeans, in bloom . . . 

20.8 

3.0 

12.9 

3.3 

3.9 

0.6 

5.8 

8.2 

2,3 

8 

Soybeans, seeds fonning * 
Soybeans, seed well de- 

24.2 

3.1 

15.5 

4.0 

4.0 

1.0 

6.4 

10.4 

2.4 

21 

veloped 

Soybeans and corn, % 
or more soybeans * . . 

Soybeans and corn, 
small proportion of 

29.0 

3.7 

19.6 

4.3 

4.7 

1.7 

8.3 

11.7 

2.6 

22 

23.1 

1.8 

15.3 

7.5 

2.8 

0.8 

5.3 

12.5 

1.7 

7 

soybeans * 

26.7 

1.3 

18.2 

13.0 

2.2 

0.8 

6,3 

15.9 

1.5 

5 

Soybeans and millet * . 
Soybeans and pearl mil- 

23.5 

1.5 

15.1 

9.1 

2.3 

0.5 

7.5 

11.4 

1.8 

7 

let, pasture * 

Soybeans and Sudan 

24.5 

2.7 

15.9 

4.9 

4.2 

0.9 

6.4 

11.1 

1.9 

32 

grass * 

24.2 

2.0 

15.9 

7.0 

2.7 

0.5 

8.3 

11.1 

1.6 

7 

Spanish moss * 

41.0 

0 

24.4 


1.9 

0.9 

12.1 

23.1 

3.0 


Sudan grass, pasture . . 
Sudan grass, headed to 

21.6 

2.4 

14.3 

5.0 

3.3 

0.6 

5.6 

10.2 

1.9 

5 

in bloom .... ... ... 

23.4 

1.4 

15.4 

10.0 j 

1.9 

0.4 

8.4 J 

10.3 j 

2.4 

30 


APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Green Roughages, 
Roots, etc. — Cont. 
Rescue grass, heading 

Rhodes grass 

Rushes, western 

( J uncus, spp. ) v • . . 
Russian thistle ...... 

Rutabagas, roots 

Rye pasture 

Rye fodder 


j^Rye 'grass, Italian 
€ Rye grass, Italian, pas- 


| R : r ', 

I. Rv 1 ass, p 

V. > lr ' un s P a 


ass, perennial 
ass, perennial. 


1 Sagebrush 

Sfrg^brush leaves .... 

Saint Augustine grass 

pasture 

Saltbush, Australian . 

Saltbush leaves 

Saltbush winter range 
Saltbushes, miscellane- 


ous 

Sanfoin ( Onobnjchis 

viciae folia) 

Serradella 


Sorghum fodder, sweet 
Sotol heads, or bulbs ... 
Soybean forage, all • y 
analyses f . 

Soybeans, before bloom 
Soybeans, in bloom . . . 
Soybeans, seeds forming 
Soybeans, seed well de- 
veloped 

Soybeans and corn, % or 
more soybeans 

Soybeans and corn, 
small proportion of 

soybeans 

Soybeans and millet . . . 

Soybeans and pearl 

millet, pasture 

Soybeans and Sudan 

grass 

Spanish moss 

Sudan grass, pasture . . 
Sudan grass, headed to 
in bloom 


Mineral and fertilizing constituents |J 


Phos- 

Nitro- 

Potas- 

Calcium 

phorus 

gen 

sium 

Per ct. 

Per ct. 

Per ct. 

Per ct. 



0.67 


0.16 

0.10 

0.29 

0.58 



0.54 


0.66 

0.07 

0.54 

2.05 

0.05 

0.03 

0.21 

0.21 

0.13 

0.10 

0.85 


0.08 

0.07 

0.42 




0.50 


0.13 

0.08 

0.62 

0.40 

0.12 

0.07 

0.48 

0.51 

0.13 

0.08 

0.S6 

0.38 

0.52 

0.13 

1.06 




1.34 




0.43 


0.19 

0.03 

0.59 

0.67 


2.01 

0.08 

1.07 


0.58 

0.03 

0.45 




0.61 


0.28 

0.09 

0.46 

0.43 

0.09 

0.03 

0.24 

0.36 



0.35 


0.26 

0.07 

0.66 

0.51 

0.22 

0.36 

0.06 

0.62 

0.22 

0.37 

0.07 

0.64 

0.21 

0.38 

0.09 

0.75 

0.23 

0.13 

0.06 

0.45 

0.32 

0.08 

0.05 

0.35 

0.36 



0.37 


. . 


0.67 




0.43 




0.30 


0.12 

0.10 

0.53 


0.09 

0.07 

0.30 

0.34 


Digestion coefficients 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


59 

40 

74 

62 

12 

75 

79 

89 

96 

6} 

79 

74 

80 

71 

2 

62 

62 

70 

73 

9f 

75 



71 

4 

85 

24 

27 

64 

2 

42 

66 

45 

56 


66 

52 

8 

49 

3 

73 

67 

42 

78 

2 

56 

70 

62 

75 

6 

40 

3 

36 

81 


77 

62 

51 

74 

38 

76 

55 

55 

73 

16 

79 

81 

56 

70 

10 

72 

70 

74 

67 

6 f 

72 

72 

1 76 

68 

4 1 



FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — -continued. 


Feeding stuff d 

ma 

Green Roughages, Fe 
Roots, etc. — Cont. 

Sudan grass, in seed* 2 

Sugar cane 2 

Sugar cane, leaves 

and tops (strip cane) 2 

Sugar cane, Japanese * 2 

Sunflowers, Russian, 

whole plant 3 

Sunflowers and corn * . 1 

Sweet potatoes, roots* Z 
Sweet vernal grass pas- 
ture (Anthoxantnum 

oderatum ) * * 

Switch grass, active 
growth ( Panicum 

virgatum) * 

Switch grass, mature* - 
Switch grass, mature 
and weathered * . . . 

Teosinte * 

Timothy, young pasture 
Timothy, before bloom 
Timothy, in bloom . . . 

Timothy, in seed 

Tobosa grass, active 
growth ( Hilaria 
mutica) 

Tobosa grass, nearly 
to fully mature .... 
Tomatoes, whole fruit * 
Tomato pomace* .... 
Trefoil, yellow, or black 
medic ( Medicago 

lupulina) * 

Turnips 

Turnip tops 

Velvet bean forage . . . 

Vetch, common 

Vetch, hairy 

Vetches, wild ( Vida, 

spp.) * 

Vetch and oats fodder 
Vetch and oats pasture 
Vetch and wheat fodder 

Wheat fodder * 

Wheat pasture* j 

Wheatgrass, crested, 

very young 

Wheatgrass, crested, 
young . . . 


— ■ ~~ Average total composition 

di &; p N-free Mineral 

ratio tein Fat Fiber extract matter 

Perel ~ Z~ Per ct7 Perot. Perot. Perot. Perot. 

18 6 17 6 1.7 0.5 9.6 14.6 2.1 

14J SI 1.0 0.8 6.8 13.4 1.2 

12.5 19.8 1.3 0.4 8.4 12.3 3.3 

17.1 41.8 0.7 0.5 7.7 _ 18.2 1.1 

10.6 12.3 1.4 0.7 5.2 7.9 1.7 

10.9 12.6 1.4 0.6 6.1 8.5 1.6 

25.6 127.0 1.6 0.4 1.9 26.7 1-2 


13.5 3.4 


1.0 3.9 10.5 

0.8 11.8 19.8 

1.1 18.2 18.1 


0.6 12.3 17.3 

. 

1* 

1.0 17.0 22.9 

0.4 0.6 3.3 

1.2 2.8 4.3 


6.9 10.0 
7.5 12.0 
5.0 9.7 
8.4 15.2 


6.6 0,9 5.2 9.7 

4.0 0.9 8.9 17.8 


APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Green Roughages, 
Roots, etc. — Cont. 
Sudan grass, in seed . . 

Sugar cane 

Sugar cane, leaves and 
tops (strip cane) . . . 
Sugar cane, Japanese . 
Sunflowers, Russian? 

whole plant 

Sunflowers and corn . . 
* *Sweet potatoes, roots . . 
, Sweet vernal grass pas- 
ture, (Anthoxanthum 

• .rdtum) 

* W . ;h grass, active 
h rowth ( Panicum 

virgatum ) 

Switch grass, mature . . 
Switch grass, mature . . 

and weathered 

Teosinte 

Timothy, young pasture 
Timothy, before bloom 
Timothy, in bloom .... 

Timothy, in seed 

Tobosa grass, active 
growth ( Hilaria 
mutica ) 

"Tobosa grass, nearly to 

fully mature 

'Tomatoes, whole fruit . 

* Tomato pomace ....... 

1 Trefoil, yellow, or black 

medic (Medico go 

lupulina ) 

"Turnips 

‘ Turnip tops 

Velvet bean forage . . . 

' Vetch, common 

Vetch, hairy 

'Vetches, wild (Vicia, 

spp.) 

' Vetch and oats fodder . 

* Vetch and oats pasture 
Vetch and wheat fodder 

' Wheat fodder 

' Wheat pasture 

Wheatgrass, crested, 

very young 

\ Wheatgrass, crested, 
young 


Mineral and fertilizing constituents 

| Digestion coefficients 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct 

Per ct* 

Per ct. 


0.09 

0.06 

0.27 








0.04 

0.16 

0.37 

57 

51 

61 

63 

12 1 

0.09 

0.07 

0.21 

0.76 

43 

49 

58 

54 

20 

0.10 

0.04 

0.11 

0.18 






0.29 

0.04 

0.22 

0.63 

59 

64 

50 

78 

30 f 



0.22 







0.03 

0.04 

0.26 

0.38 






0.14 

0.08 

0.70 






*• 



0.61 









0.37 



•• 



.. 

0.25 

0.03 

0.27 









0.27 







0.14 

0.09 

0.75 

0.50 

74 

54 

73 

77 

3 

0.07 

0.07 

0.42 


57 

54 

68 

68 

30 

0.08 

0.08 

0.43 

0.54 

54 

54 

62 

67 

24 

0.08 

0.09 

0.48 

0.73 

36 

54 

48 

56 

6 

0.12 

0.08 

0.67 


75 

55 

62 

58 

4 

0.13 

0.07 

0.51 


53 

47 

52 

46 

8 

0.01 

0.03 

0.14 

0.27 








0.37 









0.72 







0.06 

0.02 

0.21 

0.26 

71 

64 

94 

95 

7 f 

0.49 

0.06 

0.45 

0.45 


64 

96 

93 

4 f 


0.06 

0.56 

0.37 

70 

66 

58 

77 

28 f 

0.27 

0.07 

0.61 

0.51 

75 

49 

40 

76 

12 f 

0.20 

0.06 

0.67 

0.41 

83 

72 

64 

77 

14 



0.82 







0.18 

008 

0.61 

0.45 

75 

47 

68 

68 

3 

0.10 

0.13 

0.86 


76 

64 

63 

64 

13 f 



0.54 

" • •' . 

74 

57 

68 

73 

5 

0.05 

0.07 

0.43 







0.09 

0.08 

0.77 







0.12 

0.08 

1.06 


85 

62 

79 

82 

4 

0.14 

0.07 

0.64 


| 67 

59 

66 

75 

12 
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Table I. Average composition and digestible nutrients — -continued. 






Total 



Average total composition 



Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig- 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Green Roughages, 
Roots, etc. — Cont. 
Wheatgrass, crested, 
headed out* 

Per ct. 

36.9 

Per ct. 

1.6 

Per ct. 

21.1 

1: 

12.2 

Per ct. 

2.7 

Per ct. 

0.6 

Per ct. 

12.2 

Per ct. 

18.7 

Per ct. 

2.7 

2 

Wheatgrass, crested, 
mature * 

60.0 

1.7 

32.2 

17.9 

3.3 

1.2 

23.2 

28.8 

e 

3.5 

5 

Wheatgrass, crested, 
mature and weathered 

81.0 

1.2 

42.8 

34.7 

2.7 

1.2 

31.7 ' 

42.0 

3.4 

5 

Wheatgrass, western, 
young * 

35.0 

4.0 

22.6 

: 

4.7 

6.0 

1.4 

9.1 

14.3 

4.2 

4 

Wheatgrass, western, 
mature 

65.0 

0.8 

32.2 

39.3 

2.8 j 

2.4 

20.9 

30.5 

8.4 

if 

Wheatgrasses, misc. 

( Agropyron , spp.) * 

46.9 

2.5 

27.3 

9.9 

4.1 

1,3 

16.5 

21.6 

3.4 

‘ -21 , 

Winter fat ( Eurotia 
lanata ) * 

65.0 

2.5 

35.0 

13.0 

5.5 

1.3 

23.7 

28.5 

6.0 

■ 4 

Wire grasses, western * 

38.9 

1.9 

23.4 

11.3 

3.8 

0.9 

13.3 

18.6 

2.3 

* if 

Yucca ( bear grass ) . . . 

49.4 

1.4 

27.5 

18.6 

3.8 

1.0 

21.1 

20.0 

3.5 

2 

Yucca (soapweed) . . . 

44.6 

0.9 

23.4 

25.0 

2.4 

0.8 

14.1 

24.0 

3.3 

22 

Yucca (soapweed), 
leaves * 

56.2 

1.7 

28.4 

15.7 

4.4 

1.7 

18.7 

27.7 

3.7 

8 

Silages 

Alfalfa, not wilted, no 
preservative 

24.7 

2.6 

13.5 

4.2 

4.1 

0.9 

8.2 

•• * 9.2 

2.3 

30 

Ali 

:alfa, wilted 

36.2 

4.3 

21.5 

4.0 

6.3 

1.4 

11.4/ 

13.9 

3.2 

35 

Alfalfa-molasses, not 
wilted 

26.8 

2.7 

15.4 

4.7 

4.1 

0.9 

8.2 

11.2 

2.4 

25 

Alfalfa-molasses, wilted 

35.8 

4.0 

20.9 

4.2 

6.0 

1.1 

10.9 

14.7 

3.1 

33 

Alfalfa, not wilted, 
grain added * 

25.5 

2.6 

15.2 

4.8 

3.8 

1.2 

7.5. 

10.6 

2.4 

1 

Ah 

talf a-phosphoric acid 
falfa-brome, not wilted 

26.8 

3.2 

14.7 

3.6 

4.7 

0.9 

8.5 

10.2 

2.5 

14 

Al: 

25.0 

2.6 

17.0 

5.5 

3.8 

1.1 

7.7 

10.3 

2.1 

6 

Alfalfa-brome, wilted 
greatly * . 

44.9 

4.8 

29.5 

5.1 

7.0 

1.0 

15.0 

17.8 

4.1 

2 

Alfalfa-grass, over half 
alfalfa, wilted * 

38.2 

4.1 

21.2 

4.2 

6.1 

1.1 

11.4 

14.4 

3.2 

6 

Alfalfa-timothy-molas.* 

27.5 

2.7 

15.9 

4.9 

4.1 

1.2 

9.1 

10.7 

2.4 

! 3 

Apple-alfalfa 

24.7 

1.1 

14.5 

12.2 

2.2 

0.8 

6.8 

13.2 

1.7 

2 

Apple pomace * 

20.9 

0.6 

14.3 

22.8 

1.6 

1.3 

4.4 

12.6 

1.0 

15 

Atlas sorghum 

29.7 

1.4 

18.5 

12.2 

2.5 

0.8 

7.4 

16.7 

2.3 

22 

Atlas sorghum stover * 

26.8 

0.6 

15.8 

25.3 

1.5 

0.5 

6.7 

16.4 

1.7 

2 

Barley * 

25.0 

1.4 

12.7 

8.1 

2.6 

1.0 

9.4 

9.4 

2.6 

20 

Bean vines, lima * . . . . 

27.3 

2.1 

14.2 

5.8 

3.3 

0.8 

8.1 

11.1 

4.0 

2 

Beet pulp, ensiled .... 

12.0 

1.0 

9.0 

8.0 

1.7 

0.4 

5.2 

4.3 

0.4 

2 

Beet top, sugar, much 
dirt adhering 

31.6 

2.5 

14.9 

5.0 

3.8 

0.6 

3.9 

10.8 

12.5 

62 

Berseem, or Egyptian 
clover 

24.1 

1.9 

9.6 

4.1 

4.1 

0.9 

7.8 

7.7 

3.6 

4 

Bluegrass with some 
white clover, molasses 
added 

35.0 

4.8 

23.5 

3.9 

6.8 

1.8 

8.9 

13.9 

3.6 

2 
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Table I. Average composition and digestible nutrients — continued. 



Mineral and fertilizing constituents 


Digestion coefficients 


Feeding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Green Roughages 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Perct. i 


Roots, etc. — Cont. 
Wheatgrass, crested, 










headed out 



0.43 






» • 

Wheatgrass, crested, 
mature 

0.15 

0.08 

0.53 







Wheatgrass, crested, 






1 




mature and weathered 

0.16 

0.07 

0.43 

. . 

46 

36 

59 

52 

4 

Wheatgrass, western, 










young 

0.12 

0.06 

0.96 

. . 






Jj^heatgrass, western, 

| mature 










0.21 

0.10 

0.45 

, , 

30 

51 

58 

54 

4 

Wheatgrasses, misc. 










f Agropyron, spp.) . . 



0.66 

. . 





V* 

W‘ ter fat ( Eurotia 










kiiiata ) 

1.04 

0.08 

0.88 

, . 






Wire grasses, western . 



1 0.61 

• . 






rucca (bear grass) . . . 



0.61 

, , 

36 

0 

65 

62 

2 

Yucca ( soapweed ) ... 

0.41 

0.08 

0.38 

• . 

38 

0 

35 

73 

7 

Yucca (soapweed), 






1 




leaves 



0.70 






•• 

Silages 

Alfalfa, not wilted, no 










preservative . . . 

0.35 1 

0.08 

0.66 

0.58 

64 

58 

50 

61 

8 

Alfalfa, wilted 

0.51 

0.12 

1.01 

0.84 

68 

65 

55 

64 

8 

Alfalfa-molasses, not 










wilted . *. . 

0.41 

0.08 

1 0.66 

0.71 

66 

60 

47 

68 

22 

Alfalfa-molasses, wilted 

0.55 

0.11 

0.96 

0.95 

67 

61 

51 

67 

29 

Alfalfa, not wilted, 










grain added . 



0.61 







Alfalfa-phosphoric acid 

0,37 

0.30 

0.75 

0.63 

69 

46 

46 

65 

21 

Alfalfa-brome, not wilted 

0.37 

0.05 

0.61 


69 

66 

70 

71 

18 

Alfalfa-brome, wilted 










g reatl y ■ ■ • ■ 

0.66 

0.10 

1.12 

. . 





• • 

Alfalfa-grass, over half 










alfalfa, wilted 



0.98 

. , 





. . 

Alfalfa-timothy-molasses 

. . 


0.66 







Apple-alfalfa 



0.35 


51 

47 

49 

70 

6 

Apple pomace 

0.02 

0.02 

0.26 

0.10 


55 




Atlas sorghum 

0.12 

0.06 

0.40 

0.33 

55 

58 

71 

2 

Atlas sorghum stover . . 



0.24 







Barley 

0.08 

0.08 

0.42 

0.39 






Bean vines, lima 



0.53 







Beet pulp, ensiled .... 


. , 

0.27 


61 

6 

, 87 

81 

4 

Beet top, sugar, much 










dirt adhering 

0.31 

0.07 

0.61 

1.80 

67 

40 

82 

80 

43 

Berseem, or Egyptian 










clover 

. . 


0.66 

- . 

46 

59 

38 

46 

8 

Bluegrass with some 
white clover, molasses 










added 



1.09 

- 

70 

71 

72 

68 

6 





FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 

I | | Total I S Average total composition 


Feeding stuff 

Silages — Cont. 
Broom corn stover .... 
Citrus pulp, pressed * . 
Clover, Ladino, and grass 
Clover, red, not wilted . 
Clover, red, molasses . . 

Clover, red, and grass, 

wilted 

Clover, sweet * 

Clover, sweet, wilted . . 

Corn, dent, well-ma- 
tured, recent analyses 
Corn, dent, well-ma- 
tured, well-eared . . . 
Corn, dent, well-ma- 
tured, fair in ears . . . 

Corn, dent, well-ma- 
tured, few ears 

Corn, dent, immature, 
before dough stage . . 
Corn, dent, immature, 
southern-type corn . . 

Corn, dent, drouth- 

stricken corn * 

Corn stover silage from 
mature dent corn, ears 
removed 

Corn, flint 

Corn ears, snapped, im- 
mature 

Corn, sweet ......... 

Corn and sorghum * . . 

Corn and soybeans, 

mostly corn * 

Corn and soybeans, 
well-matured, 30% or 

more soybeans 

Corn-canning factory 
waste, ( husks, cobs, 
and waste ears) .... 

Cowpea, wilted 

Crotalaria intermedia . . 

Darso 

Durra * 

Fescue, tall 

Feterita * 

Grass silage, consider- 
able legumes * ..... 
Grass silage, consider- 
able legumes, wilted 


Total 

dry 

matter 

Dig. 

pro- 

tein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Per ct. 

Per ct. 

Per ct. 

1 : 

26.7 

0.5 

13.2 

25.4 

22.8 

0.4 

20.0 

49.0 

29.9 

3.9 

21.4 

4.5 

29.5 

2.4 

17.3 

6.2 

32.8 

2.4 

20.6 

7.6 

35.1 

2.5 

22.2 

7.9 

28.0 

3.4 

15.7 

3.6 

39.9 

6.0 

22.5 

2.8 

27.6 

1.2 

18.3 

14.3 

28.5 

1.3 

19.8 

14.2 

26.3 

1.1 

17.2 

14.6 

26.3 

1.1 

16.2 

13.7 

20.3 

0.9 

12.9 

13.3 

19.4 

0.8 

12.0 

14.0 

24.6 

1.4 

15.0 

9.7 

23.7 

0.6 

14.0 

22.3 

23.4 

0.9 

16.5 

17.3 

44.8 

2.2 

33.0 

14.0 

24.2 

1.5 

15.8 

9.5 

26.0 

1.0 

16.4 

15.4 

26.1 

1.4 

17.0 

11.1 

28.3 

2.0 

19.7 

8.9 

22.4 

1.1 

16.1 

13.6 

30.0 

2.6 

17.8 

5.8 

23.5 

1.9 

9.6 

4.1 

26.9 

1.0 

15.6 

14.6 

29.9 

0.9 

16.6 

17.4 

33.5 

2.6 

20.7 

7.0 

30.0 

1.4 

17.1 

11.2 

25.6 

2.0 

15.5 

6.8 

33.3 

2.9 

19.1 

5.6 


N-free Mineral No. of 
extract matter anal. 


1 : Per ct. Per ct. Per ct. Per ct. 


14.3 2.3 0,8 6.7 16.2 

14.2 2.3 0.9 6.3 17.4 

14.6 2.1 0.8 7.0 14.7 

13.7 2.2 0.8 8.5 12.9 

13.3 1.8 0.6 5.8 10.8 

14.0 1.6 0.5 6.0 10.2 


9.7 2.6 0.5 6.4 12.9 


11.1 2.5 0.9 6.8 14.2 


8.9 3.2 1.2 7.3 14.2 



APPENDIX 

Table I. Average composition and digestible nutrients — continued. 



Mineral and fertilizing constituents 


Digestion coefficients 


Feeding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Silages — Cont. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Broom corn stover .... 



0.21 


36 

69 

50 

55 

1 

Citrus pulp, pressed . . . 



0.27 







Clover, Ladino, and grass 

0.31 

0.07 

0.86 


72 

58 

65 

83 

5 

Clover, red, not wilted . 

0.50 

0.07 

0.59 

0.53 

64 

58 

57 

65 

44 f 

Clover, red, molasses . . 
Clover, red, and grass, 



0.72 


54 

65 

65 

70 

2 

wilted . . : 

Clover, sweet 

0.39 

0.39 

0.07 

0.07 

0.69 

0.72 

0.55 

59 

66 

68 

67 

61 f 

Clover, sweet, wilted . . 
fttbrn, dent, well-ma- 

0.55 

0.10 

. 

1.26 

0.78 

76 

61 

42 

67 

11 

* tured, recent analyses 
Corn, dent, well-ma- 

0.10 

0.07 

0.37 

0.30 

54 

75 

65 

70 

118 

|red, well-eared . . 

O , dent, well- 

i 0.09 

0.07 

0.37 

0.27 

55 

78 

64 

74 

51 

^ M atured, fair in ears 
fern, dent, well- 

0.09 

0.06 

0.34 

0.34 

53 

73 

66 

69 

45 

matured, few ears . . 
Corn, dent, immature. 

0.09 

0.05 

0.35 

0.37 

50 

65 

71 

61 

7 

before dough stage . . 
Corn, dent, immature. 

0.11 

0.07 

0.29 


52 

73 

67 

66 

41 

southern-type corn . . 
Com, dent, drouth- 



0.26 

: 

53 

73 

66 

62 

15 

stricken corn 

Corn stover silage from 
mature dent corn, ears 

■ • 


0.42 

* * 





. . 

removed > • • • 

0.08 

0.1 

0.26 

0.39 

39 

59 

59 

65 

12 

Com, flint 

Corn ears, snapped. 



0.26 


57 

81 

65 

77 

7 

immature 



0.64 

, . 

54 

80 

34 

80 

4 

Com, sweet 



0.37 

, . 

66 

78 

73 

64 

4 

Corn and sorghum . . . 
Corn and soybeans. 

0.08 

0.05 

0.30 

* * 






mostly corn 

Corn and soybeans, 
well-matured, 30% 

0.15 

0.07 

0.40 

0.29 






or more soybeans . . . 

Corn-canning factory 
waste, ( husks, cobs. 

0.20 

0.08 

0.51 

0.29 

63 

83 

62 , 

77 

8 

and waste ears ) . . . . 



0.32 


56 

87 

70 

71 

1 

Cowpea, wilted 

0.48 

0.10 

0.72 

0.88 

57 

63 

52 

73 

4 

Crotalaria intermedia . . 

0.18 

0.06 

0.48 


63 

67 

33 

41 

4 

Darso 



0.30 

*■ . ■' 


60 

39 

70 

3 

Durra 



0.29 

, . 






Fescue, tall 



0.69 

„ , 

60 

64 

69 

66 

12 

Feterita 

Grass silage, consider- 

0.11 

0.08 

0.42 







able legumes 

Grass silage, consider- 



0.58 






. . 

able legumes, wilted 



0.83 


55 

53 

68 

61 

57 
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i s*; - Table I. Average composition and digestible nutrients — continued. 





Total 



Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig- 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Silages — Cont. 

Grass silage, consider- 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


able legumes, wilted, 







8.6 


2.2 


grain added 

33.8 

3.2 

20.6 

5.4 

5.1 

1.3 

16.6 

3 

Grass silage, some leg- 
umes, molasses 











added * 

Grass silage, some leg- 
umes, wilted, mo- 

25.8 

1.9 

15.1 

6.9 

3.2 

1.2 

8.5 

r 

11.2 

1.7 

2 











lasses added 

Grass silage, small pro- 

33.6 

2.6 

19.1 

6.3 

4.5 

1.2 

10.5 

14.6 

2.8 

16 

portion legumes * . . . 

27.6 

1.9 

15.6 

7.2 

3.2 

1.1 

9.7 

11.1 

2.5 

' 4$ 

Grass silage, small pro- 
portion legumes, 











wilted * 

37.3 

2.3 

21.1 

8.2 

4.0 

1.1 

14.1 

15.4 

2.7 

5 

Grass silage, small pro- 











portion legumes, 
wilted slightly, mo- 










« Jf 

lasses added * 

29.0 

1.7 

16.6 

8.8 

3.0 

0.9 

8.9 

14.2 

2.0 

40 

Hegari * 

33.4 

1.0 

18.7 

17.7 

1.9 

0.7 

6.8 

21.0 

3.0 

5 

Hegari stover * 

29.1 

0.3 

15.3 

50.0 

0.9 

0.6 

7.9 

16.3 

3.4 

2 

Horse bean ** 

21.2 

2.1 

12.3 

4.9 

3.3 

0.5 

5.7 

10.3 

1.4 

3 

Johnson grass, molasses 











added * 

32.7 

0.9 

17.7 

18.7 

2.1 

0.7 

10.3 

16.0 

3.6 

3 

Kafir 

29.7 

1.1 

16.9 

14.4 

2.1 

1.0 

8.4 

15.9 

2,3 

7 

Kochia scoparia * 

21.4 

2.2 

11.8 

4.4 

3.5 

0.5 

6.7 

8.0 

2.7 

3 

Lespedeza, annual * . . 

30.2 

1.8 

15.1 

7.4 

4.3 

0.8 

9.5 

13.8 

1.8 

! 6 

Millet * 

31.2 

1.6 

17.6 

10.0 

2.7 

1.0 

9.7 

14.9 

2.9 

8 

Millet, Japanese, and 











soybeans 

21.0 

1.6 

12.4 

6.8 

2.8 

1.0 

7.2 

7.2 

2.8 

9 

Napier grass, immature 
Napier grass, more 

19.9 

0.3 

8.1 

26.0 

1.1 

0.5 

7.3, 

oo 

2.6 

2 

mature * 

26.8 

0.3 

11.6 

37.7 

1.1 

0.6 

11.4 

11.8 

1.9 

7 

Oats, molasses added . . 

32.0 

1.4 

16.9 

11.1 

2.7 

1.2 

10.3 

15.4 

2.4 

3 

Orchard grass 

30.0 

2.0 

19.8 

8.9 

3.3 

1 1.2 

10.2 

13.2 

2.1 

3 

Pea, field * 

27.9 

3.0 

18.1 

5.0 

3.8 

1.2 

7.8 

12.5 

2.6 

8 

Pea and oat 

28.4 

2.0 

17.5 

7.8 

3.3 

1.0 

9.0 

12.4 

2.7 

31 

Pea-vine, from canneries 

24.5 

1.9 

14.0 

6.4 

3.2 

0.8 

7.3 

11.0 

2.2 

17 

Pear-cannery waste and 











hay 

27.6 

1.7 

14.6 

7.6 

3.3 

0.9 

9.0 

12.2 

2.2 

2 

Pineapple top * 

21.3 

0.5 

8.9 

16.8 

1.6 

0.6 

4.8 

12.8 

1.5 

1 

Potato-alfalfa hay * . . . 

35.9 

3.3 

21.1 

5.4 

5.3 

0.6 

8.6 

19.2 

2.2 

1 

Potato-mixed hay * . . . 

33.7 

2.2 

21.6 

8.8 

3.8 

0.8 

6.0 

21.1 

2.0 

4 

Potato-corn meal 

31.7 

1.0 

27.0 

26.0 

2.0 

0.3 

0.9 

27.5 

1.0 

1 

Reed canary grass * . . 

26.7 

1.4 

13.3 

8.5 

2.2 

0.7 

8.4 

13.4 

2.0 

2 

Russian thistle * 

34.4 

1.3 

14.3 

10.0 

2.0 

0.9 

10.4 

14,7 

6.4 

1 

Rye, wilted slightly * . . 

30.3 

1.5 

14.5 

8.7 

3.5 

1.0 

10.8 

12.5 

2.5 

7 

Rye, molasses added * . 
Sagrain sorghum, well 

23.7 

1.0 

11.4 

10.4 

2.4 

0.7 

8.4 

10.4 

1.8 

1 

matured * 

38.1 

1.5 

22.1 

13.7 

2.8 

1.2 

9.1 

22.7 

2.3 

4 

Sorghum, sweet 

25.4 

0.8 

15.2 

18.0 

1.6 

0.8 

6,9 

14.5 

1.6 

112 
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Table I. Average composition and digestible nutrients — continued. 
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Mineral and fertilizing constituents 


Digestion coefficients 


Feeding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Silages — Cont. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Grass silage, consider- 
able legumes, wilted, 
grain added 

0.25 

0.12 

0.82 


62 

74 

48 

67 

9 

Grass silage, some 
legumes, molasses 
added 

0.32 

0.12 

0.51 







Grass silage, some 
legumes, wilted, 
molasses added 



0.72 


58 

66 

55 

61 

6 

Grass silage, small prq- 
J portion legumes / . . . 



0.51 







Grass silage, small pro- 
portion legumes, 
wilted 

0.32 

0,08 

0.64 ^ 







* Grass silage, small pro- 
'BIFtion legumes, 
wilted slightly, 
molasses added .... 


0.07 

0.48 







Hegari 



0.30 






* • 

Hegari stover 



0.14 






. • 

Horse bean 

0.19 

0.06 

0.53 

0.44 





, , 

Johnson grass, molasses 
added 



0.34 







Kafir 

0.07 

0.05 

0.34 

0.50 


50 

57 

62 

3 

Kochia scoparia 



0.56 







Lespedeza, annual . . , . 



0.69 






. . 

Millet 

0.14 

0.08 

0.43 







Millet, Japanese, and 
soybeans 



0.45 


57 

72 

69 

59 

4 

Napier grass, immature 



0.18 


29 

65 

50 

40 

3 

Napier grass, more 
mature ' 



0.18 







Oats, molasses added . . 

0.10 

0.09 

0.43 

0.30 

53 

66 

48 

57 

12 

Orchard grass 



0.53 


60 

62 

75 

64 S 

12 

Pea, field 

0.38 

0.08 

0.61 

0.39 






Pea and oat 

0.17 

0.09 

0.53 


61 

66 

65 

66 

30 

Pea- vine, from canneries 

0.32 

0.06 

0.51 


59 

57 

50 

68 

12 

Pear-cannery waste and 
hay 


.. 

0.53 

, f 

52 

51 

57 

55 

6 

Pineapple top 


. . 

0.26 

. . 






Potato-alfalfa hay .... 



0.85 

. . 






Potato-mixed hay .... 

* • 

. . 

0.61 







Potato-corn meal .... 

, . 


0.32 


52 

81 

8 

92 

3 

Reed canary grass .... 



0.35 







Russian thistle 

* • 


0,32 






. . 

Rye, wilted slightly . . . 


0.07 

0.56 

0.56 






Rye, molasses added . . 

. . 


0.38 







Sagrain sorghum, well 
matured 



0.45 







Sorghum, sweet 

0.08 

0.05 

0.26 

0.26 


58 

57 

65 

5 
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FEEDS AND FEEDING 


Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Silages—Cont. 

Sorghum, Ellis * 

Sorghum and cowpeas . 
Soybean, not wilted . . . 

Soybean, wilted 

Soybean and Sud. grass * 

Sudan grass 

Sugar cane * 

Sugar cane tops 

Sunflower 

Timothy, no preservative 
Timothy, molasses added 
Timothy, grain added . 
Timothy, phosphoric 

acid added * 

Timothy, wilted 

Timothy, wilted, mo- 
lasses added 

Timothy, wilted, phos- 
phoric acid added . . 

Vetch 

Vetch and oats 

Vetch and wheat, mo- 
lasses added * 


Total 

Total Dig. dig. 

dry pro- nutri- 

matter tein ents 


Average total composition 


Per et. Per ct. 


N-free Mineral No. of 
extract matter anal. 

Per ct. Per ct. 


Concentrates 

( Grains and other seeds 
and their by-products ; 
miscellaneous concen- 
trates) 

Acorns, whole (red 

oak) * 

Acorns, whole ( white 

and post oak) 

Adlay, or Job’s tears * . 
Alfalfa-molasses feed * 

Alfalfa seed 

Alfalfa seed screenings * 

Almond hulls 

Ammoniated cane molas., 
16% protein equiv.* . 
Ammoniated cane molas,, 
high protein equiv.* 

Ammoniated citrus mo- 
lasses * : 

Ammoniated citrus pulp, 

dried * 

Ammoniated furfural 

residue * 

Apple-pectin pulp, dr.* 


23.4 . . 2.7 

67.3 5.9 13.6 

51.2 7.1 1.8 

81.3 1.9 33.2 

78.5 2.1 31.1 

66.2 164.5 3.8 

53.6 3.4 16.4 

46.5 0.9 31.9 

46.5 2.5 17.6 


0 0 47.5 

0 0 26.0 


0 37.1 


76.2 10.9 10.7 6.0 12.4 54.6 


42.6 0.6 34.9 

62.4 23.0 7.0 


0.4 51.7 2.4 
7,3 24.2 49.4 


APPENDIX 

Table I. Average composition and digestible nutrients — continued. 

Mineral and fertilizing constituents Digestion coefficients 


Feeding stuff 

Silages — Cont. 

Sorghum, Ellis . . 

Sorghum and cowpeas . 
Soybean, not wilted . . . 

Soybean, wilted 

Soybean and Sudan grass 

Sudan grass 

Sugar cane 

Sugar cane tops 

Sunflower 

Timothy, no preservative 
jjiphpothy, molasses added 
Toothy, grain added . 
Tinapthy, phosphoric 
tee^d added ........ 

|Tim«|j|y, wilted 

jMjphy, wilted, mo- 

JTasses added 

Tiriiothy, wilted, phos- 
phoric acid added . . 

Vetch 

Vetch and oats 

Vetch and wheat, 
molasses ad.ded 

Concentrates 

( Grains and other seeds 
and their by-products; 
miscellaneous concen- 
trates) 

Acorns, whole ( red oak ) 
Acorns, whole ( white 

and post oak ) 

Adlay, or Job’s tears . . 
Alfalfa-molasses feed . . 

Alfalfa seed 

Alfalfa seed screenings . 

Almond hulls 

Ammoniated cane molas- 
ses, 16 % protein equiv. 
Ammoniated cane molas- 
ses, high protein equiv. 
Ammoniated citrus mo- 
lasses 

Ammoniated citrus pulp, 

dried 

Ammoniated furfural 

residue 

Apple-pectin pulp, dried 


Mineral and fertilizing constituents 


Phos- 

Nitro- 

Potas- 

Calcium 

phorus 

gen 

sium 

Per ct. 

Per ct. 

Per ct. 

Perct. 



0.43 


0.14 

0.04 

0.38 

0.30 

0.35 

0.09 

0.67 

0.23 

0.47 

0.12 

0.91 

0.31 



0.54 


0.11 

0.04 

0.35 




0.14 




0.24 


0.39 

0.04 

0.34 

0.66 

0.18 

0.09 

0.53 

0.52 

0.16 

0.08 

0.50 


0.19 

0.11 

0.64 




0.40 


0.23 

0.12 

0.70 

0.69 

0.22 

0.16 

0.66 




0.51 



. . 

0.56 




0.35 

. . 



0.46 




0.51 




.43 


• . 


2.18 



• . 

1.89 




5.31 

, . 

. . 

• f 

4.98 

. . 

•• 

*• 

0.61 




2.62 




5.10 

** 

. . 


2.82 



. ; 

1.71 

. . 

0.16 

0.08 

5.58 




1.12 



Protein 

Fat 

Fiber 

N-free 

extract 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


49 

64 

58 

70 

63 

46 

73 

65 

46 

44 

69 

69 

71 

67 

49 

54 

53 

60 

54 

49 

69 

44 

64 

55 

58 

66 

59 

50 

60 

59 

60 

58 

71 

48 

65 

50 

58 

62 

60 

51 

59 

65 

62 

44 

60 

59 

57 

56 

77 

63 

67 

66 

76 

54 

63 


0 77 11 51 2 


84 80 62 87 2 


1 65 54 84 6 


: d 
/■ : 
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FEEDS AND FEEDING 


Table I. Average composition and digestible nutrients continued. 





Total 



Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 
tive 
ratio j 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Concentrates — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: ! 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Apple-pectin pulp, wet * 

16.7 

0.6 

11.1 

17.5 

1.5 

0.9 

5.8 

7.9 

0.6 

4 

Apple pomace, (tried . . 

89.6 

1.6 

64.5 

39.3 

4.3 

4.6 

15.2 

63.5 

2.0 

8 

Apple pomace, wet . . . 

21.1 

0.5 

16.0 

31.0 

1.3 

1.3 

3.7 

13.9 

0.9 

29 

Atlas sorghum grain * . 
Atlas sorghum-head 
chops ** 

89.1 

8.8 

80.0 

8.1 

11.3 

3.3 

2.0 

70.6 

1.9 

3 

88.0 

6.0 

65.3 

9.9 

9.5 

2.8 

10.7 

60.2 

4.8 

3 

Avocado oil meal 

91.4 

8.2 

52.3 

5.4 

18.6 

1.1 

17.6" 

36.0 

18.1 

8 

Babassu oil meal 

92.8 

20.8 

81.6 

2.9 

24.2 

6.8 

12.0 

44.6 

5.2 

Bag cleanings * 

Bakery waste, dried, 

90.4 

13.8 

68.3 

3.9 

19.1 

4.6 

3.9 

53.8 

9.0 

5 

high in fat * 

Barley, common, not in- 
cluding Pacific Coast 

91.6 

10.0 

101.2 

9.3. 

10.9 

13.7 

0.7 

64.7 

1.6 

i 8 

states 

Barley, common, ground, 

89.4 

10.0 

77.7 

6.8 

12.7 

1.9 

5.4 

66.6 

l 


feed grade ** 

Barley, Pacific Coast 

89.3 

9.2 

75.6 

7.2 

11.8 

1.9 

6.2 

66.2 


- 

states * 

89.9 

6.9 

78.8 

10.4 

8.7 

1.9 

5.7 

71.0 

is 

83 

Barley, light weight . . . 

89.1 

9.2 

69.0 

6.5 

12.1 

2.1 

7.4 

64.3 

3.2 

28 

Barley, hull-less, or bald * 

90.2 

9.2 

80.4 

7.7 

11.6 

2.0 

2.4 

72.1 

2.1 

6 

Barley feed, high grade * 

90.3 

10.8 

73.2 

5.8 

13.5 

3.5 

8.7 

60.5 

4.1 

39 

Barley feed, low grade 

92.0 

10.0 

61.3 

5.1 

12.3 

3.5 

14.7 

56.2 

5.3 

19 

Barley, malted * 

93.4 

9.7 

81.7 

7.4 

12.7 

2.1 

5.4 

70.9 

2.3 

6 

Barley screenings * . . . 

88.6 

8.4 

65.7 

6.8 

11.6 

2.7 

9.1 

61.3 

3.9 

5 

Beans, field, or navy . . 

90.0 

20.2 

78.7 

2.9 

22.9 

1.4 

4.2 

57.3 

4.2 

27 

Beans, kidney * 

89.0 

20.2 

77.8 

2.9 

23.0 

1.2 

4.1 

56.8 

3.9 

4 

Beans, lima * 

89.5 

18.5 

77.6 

3.2 

21.0 

1.1 

4.8 

58.1 

4.5 

10 

Beans, mung 

90.3 

19.4 

79.5 

3.1 

23.6 

1.2 

3.3 

58.2 

4.0 

10 

Beans, pinto 

89.9 

14.6 

67.6 

3.6 

22.5 

1.2 | 

4.1 

57.7 

4.4 

7 

Beans, tepary * 

90.5 

14.4 

68.6 

3.8 

22.2 

1.4 

3.4 

59.3 

4.2 

1 

Beechnuts * 

91.4 

12.2 

84.9 

6.0 

15.0 

30.6 

15.0 • 

27.5 

3.3 

1 

Beef scrap * 

94.5 

45.6 

69.6 

0.5 

55.6 

10.9 

1.2 

0.5 

26.3 

8 

Beet pulp, dried 

Beet pulp, molasses, 

91.2 

4.1 

68.7 

15.8 

8.8 

0.6 

19.6 

58.7 

3.5 

73 

dried 

92.2 

5.9 

72.4 

11.3 

8.9 

0.5 

15.2 

61.8 

5.8 

9 

Beet pulp, wet 

11.6 

0.8 

8.8 

10.0 

1.5 

0.3 

4.0 

5,3 

0.5 

31 

Beet pulp, wet, pressed * 
Blood flour, or solu- 

14.2 

0.8 

' 

10.8 

12.5 

1.4 

0.4 

4.6 

7.1 

0.7 

10 

ble blood meal 

92.2 

81.3 

83.9 

0.0 

84.7 

1.0 

1.1 

0.7 

4.7 

11 

Blood meal 

jBone meal, cooked .... 
Bone meal, cooked, 

91.6 

58.4 

60.4 

0.0 

82.2 

1.9 

0.9 

0.9 

5.7 

31 

93.6 

17.9 

18.6 

0.0 

26.0 

5.0 

1.0 

2.5 

59.1 

47 

solvent * 

93.1 

17.7 

18.3 

0.0 

25.7 

1.0 

1.0 

1.9 

63.5 

50 

Bone meal, steamed . . 
Bone meal, steamed, 

95.5 




7.5 

1.2 

1.5 

3.2 

82.1 

36 

solvent 

Bone meal, 10 to 20% 

95.6 




5.5 

0.4 

1.4 

3.3 

85.0 

31 

protein * 

Bone meal, high pro- 

94.3 

9.0 

10.2 

0.1 

13.1 

5.7 

2.1 

3.7 

69.7 

30 

tein, solvent * 

92.8 

i 17.9 

19.0 

0.1 

25.9 

2.5 

1.8 

3.8 

58.8 

34 


f" . 



APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Concentrates — Cont. 
Apple-pectin pulp, wet 
Apple pomace, dried . . 
Apple pomace, wet .... 
Atlas sorghum grain . . 
Atlas sorghum-head 

chops 

Avocado oil meal 

Babassu oil meal 

Bag cleanings 

Bakery waste, dried, 
r .|ftgh in fat ........ 

yfl&ftv, common, not in- 
%lchffxng Pacific Coast 

Q|^^inmon, ground. 

Barley, Pacific Coast 

states . 

Barley, light weight . . 
Barley, hull-less, or bald 
Barley feed, high grade 
Barley feed, low grade 

Barley, malted- 

Barley screenings ..... 
Beans, field, or navy . . 

Beans, kidney *’. 

Beans, lima 

Beans, mung 

Beans, pinto ....... 

Beans, tepary 

Beechnuts 

Beef scrap j 

Beet pulp, dried ! 

Beet pulp, molasses, 

dried 

Beet pulp, wet 

Beet pulp, wet, pressed 

Blood flour, or soluble 

blood meal 

Blood meal 

Bone meal, cooked .... 
Bone meal, cooked, sol- 
vent 

Bone meal, steamed . . . 
Bone meal, steamed, 

solvent 

Bone meal, 10 to 20% 
protein 

Bone meal, high protein, 


Mineral and fertilizing constituents 


Digestion coefficients 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 



.24 






0.10 

0.09 

.69 

0.43 

37 

35 

64 

78 

0.02 

0.02 

.21 

0.10 


46 

65 

85 


0.40 2.03 0.49 79 

1.89 

0.33 1.39 

1.94 . . 76 

1.86 

0.40 2.16 0.60 

1.97 . . 81 

0.42 2.03 0.37 

1.86 

0.57 3.66 1.27 88 

3.68 

0.37 3.36 1.70 

0.35 3.78 . . 82 

0.46 3.60 . . 65 

3.55 

0.30 2.40 0.62 

8.90 

0.08 1.41 0.18 47 

0.07 1.42 1.63 66 

0.01 .24 0.02 55 

.22 . . 


0.48 13.55 


0.25 13.15 0.09 71 

10.25 4.16 . . 69 

10.65 4.11 

14.53 1.20 


12.32 2.10 


82 100 100 

65 44 52 


96 100 
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FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Concentrates — Cont. 
Bread, white, enriched * 
Brewers" grains, dried, 
25% protein or more 
Brewers’ grains, dried, 
below 25% protein . 
Brewers’ grains, dried, 
from California barley* 
Brewers’ grains, dried, 
with molasses * .... 
Brewers’ grains, wet . . . 

Broom corn seed 

Buckwheat, ordinary 

varieties 

Buckwheat, Tartary * . 
Buckwheat feed, good 

grade * 

Buckwheat feed, low 

grade * 

Buckwheat flour * .... 
Buckwheat kernels, 
without hulls * ..... 
Buckwheat middlings . 

Buttermilk * 

Buttermilk, condensed * 

Buttermilk, dried 

Carob beans and pods . 

Carob bean pods 

Carob bean seeds 

Cassava roots, dried * . 
Cassava meal ( starch 

waste ) * 

Cheese rind, or cheese 

meal * 

Chess, or cheat, seed * , 

Chick peas * . 

Citrus meal, dried * . . . 

Citrus pulp, dried * . . . 
Citrus pulp and citrus 
molasses, dried * . . . 
Citrus pulp and molasses, 
dried * 

Citrus pulp, fresh * . . . 
Citrus seed meal * . . . . 

Clover seed, red 

Clover seed, sweet * . . . 
Clover seed screenings, 
red * 

Clover seed screenings, 

sweet * 

Cocoa meal 


Total 

dry- 

matter 

Dig. 

pro- 

tein 

Total 

Nutri- 

tive 

ratio 

| Average total composition 

dig. 

nutri- 

ents 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

64.1 

7.8 

63.4 

7.1 

8.5 

2.0 

0.3 

.52.0 

1.3 

93.0 

22.0 

67.1 

2.1 

27.5 

6.5 

14.2 

41.1 

3.7 

92.8 

16.8 

61.9 

2.7 

23.3 

6.2 

15.6 

43,7 

4.0 

91.1 

15.6 

60.8 

2.9 

20.0 

5.7 

18.1 

43.6 

3.7 

93.2 

15.7 

60.8 

2.9 

20.1 

5.5 

12.0 

48.7 

6.9 

23.7 

4.2 

16.1 

2.8 

5.7 

1.6 

3.6 

11.8 

1.0 

89.7 

4.5 

63.6 

13.1 

9.4 

3.7 

5.6 

68.1 

2.9 

88.0 

7.4 

62.2 

7.4 

10.3 

2.3 

10.7 

62.8 

1.9 

88.1 

7.3 

61.8 

7.5 

10.1 

2.4 

12.7 

60.9 

2.0 « 

89.3 

11.7 

52.5 

3.5 

18.5 

4.9 

18.2 

43.5 

4.2 i 

88.3 

5.2 

32.8 

5.3 

13.3 

3.4 

28.6 

39.8 

3.2 

88.1 

8.9 

76.2 

7.6 

10.2 

2.1 

0.9 

73.4 

1.5 

88.0 

12.3 

76.4 

5.2 

14.1 

3.4 

1.8 

66.5 

2.2 

88.7 

25.8 

75.7 

1.9 

29.7 

7.3 

7.4 

39.4 

4.9 

9.4 

3.3 

9.1 

1.8 

3.5 

0.6 

0 

4.5 

0.8 

29.5 

9.7 

26.4 

1.7 

10.8 

2.2 

0 

12.6 

3.9 

92.0 

28.6 

83.1 

1.9 

31.8 

6.1 

0.5 

43.6 

10.0 

87.8 

1.9 

69.4 

35.5 

5.5 

2.6 

8.7 

68.5 

2.5 

89.5 

0.8 

65.0 

80.3 

4.7 

2.5 

8.7 

70.9 

2.7 

88.5 

8.7 

71.1 

7.2 

16.7 

2.6 

7.6 

58.4 * 

3.2 

94.4 

0.1 

75.0 

749.0 

2.8 

0.5 

5.0 . 

84.1 

2.0 

86.8 

0 

70.4 


0.9 

0.7 

4.6 

78.8 

1.8 

91.0 

53.6 

83.2 

0.6 

59.5 

8.9 

0.4 

10.7 

11.5 

89.6 

7.6 

67.8 

7.9 

9.7 

1.7 

8.2 

66.4 

3,6 

90.0 

17.5 

78.1 

3.5 

20.3 

4.3 

8.5 

54.0 

2.9 

91.5 

2.7 

75.9 

27.1 

6.3 

3.2 

13.1 

62.6 

6.3 

90.0 

2.7 

74.9 

26.7 

6.2 

3.4 

11.6 

62.5 

6.3 

89.0 

2.6 

73.3 

27.2 

6.1 

2.8 

9.7 

63.4 

7.0 

91.5 

2.7 

77.2 

27.6 

6.3 

4.4 

11.0 

63.8 

6.0 

18.3 

0.5 

15.1 

29.2 

1.2 

0.6 

2.3 

12.8 

1,4 

88.5 

23.0 

75.1 

2.3 

27.1 

13.8 

10.5 

31.7 

5.4 

87.5 

27.4 

77.0 

1.8 

32.6 

7.8 

9.2 

31.2 

6.7 

92.2 

30.3 

64.9 

1.1 

37.4 

4.2 

11.3 

35.8 

3.5 

90.5 

23.1 

70.3 

2.0 

28.2 

5.9 

10.2 

40.3 

5.9 

90.1 

17.8 

64.7 

2.6 

21.7 

3.7 

14.7 

41.1 

8.9 

96.0 

9.0 

60.7 

5.7 

24.3 

17.1 

5.1 

43.7 

5.8 


APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Mineral and fertilizing constituents 


Digestion coefficients 


Feeding stuff 

Concentrates — Cont. 
Bread, white, enriched . 
Brewers’ grains, dried, 
25% protein or more 
Brewers’ grains, dried, 
below 25% protein . 
Brewers’ grains, dried, 
from California barley 
Brewers’ grains, dried, 

with molasses 

Brewers’ grains, wet . . . 

S 3orn seed 

eat, ordinary 

eat* Tartary . , 
eat feed, good 

eat feed, low 

grade 

Buckwheat flour 

Buckwheat kernels, 

without hulls 

Buckwheat middlings . 

Buttermilk 

Buttermilk, condensed . 

Buttermilk, dried 

Carob beans and pods 

Carob bean pods 

Carob bean seeds .....* 
Cassava roots, dried . . . 
Cassava meal ( starch 

waste) 

Cheese rind, or cheese 

meal 

Chess, or cheat, seed . . 

Chick peas 

Citrus meal, dried .... 

Citrus pulp, dried .... 
Citrus pulp and citrus 
molasses, dried .... 
Citrus pulp and mo- 
lasses, dried 

Citrus pulp, fresh .... 

Citrus seed meal 

Clover seed, red 

Clover seed, sweet .... 
Clover seed screenings, 

red 

Clover seed screenings, 

sweet 

Cocoa meal 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

0.06 

0.10 

1.36 

0.10 

0.29 

0.48 

4.40 

0.10 



3.73 


. . 


3.20 




3.22 


0.07 

0.12 

.91 

0.02 

0.48 

0.35 

1.50 


0.09 

0.31 

1.65 

0.45 

0.13 

0.31 

1.62 

0.44 


0.48 

2.96 

0.66 


0.37 

2.13 

0.68 

0.01 

0.09 

1.63 

0.16 

0.05 

0.45 

2.26 

0.49 


1.02 

4.75 

0.98 

0.14 

0.08 

.56 

0.07 

0.44 

0.26 

1.73 

0.23 

1.40 

0.98 

5.09 

0.71 



.88 




.75 


• . 


2.67 


.. 


.45 


. . 

0.03 

.14 

0.23 



9.52 




1.55 

• . 



3.25 

* . 

1.98 

0.10 

1.01 


2.04 

0.15 

.99 


1.64 

0.11 

.98 




1.01 

• * 



.19 

• * 

1.00 

0.64 

4.34 

• • 



5.22 


** 


5.98 

:: •* , 

.. 

•• 

4.51 




3.47 




3.89 

• • 


Protein 

Fat 

Fiber 

N-free 

extract 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

80 

90 

54 

59 

72 

85 

45 

60 


37 89 


39 64 

28 75 

45 73 


84 87 82 86 


. - 

, t 

' 


V/' 

* tf 


p 

life 

I|1 

jl 

I ■ 

i: 

ii 
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Table I. Average composition and digestible nutrients continued. 





Total 



Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Concentrates — Cont. 

Per ct. 

Per ct. 

Per et. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

21 

Cocoa shells 

95.1 

4.2 

47.0 

10.2 

15.4 

3.0 

16.5 

49.9 

10.S 

Coconut oil meal, exp. 
or hydr. process .... 

93.0 

18.0 

77.1 

3.3 

21.2 

6.7 

11.2 

47.4 

6.5 

35 

Coconut oil meal, sol- 
vent process * 

91.1 

18.2 

68.6 

2.8 

21.4 

2.4 

13.3 

47.4 

6.6 

7 

Coconut oil meal and 
molasses ( candied 
copra ) * 

85.7 

10.2 

65.7 

5.4 

12.8 

2.5 

*T 

6.1 

57.4 

6.9 

5 

Coconut oil meal, high 
in fat * 

93.1 

16.3 

83.7 

4.1 

20.4 

12.0 

11.3 

42.9 

6,5 

10 

Cod-liver oil meal * . . . 

92.5 

41.3 

108.7 

1.6 

50.4 

28.9 

0.7 

9.6 

2.9 


Corn , dent , from Na- 
tional Research Coun- 
cil Nation-wide sur- 
vey, good corn year 

Corn, dent, Grade No. 1 

87.0 

6.9 

81.9 

10.9 

8.9 

4.0 

2.0 

70.8 

1 

■ 1.3 

■ ' • * * 

Corn, dent. Grade No. 2 

85.0 

6.7 

80.1 

11.0 

8.7 

3.9 

2.0 

69.2 

1.2 

169 

Com, dent, Grade No. 3 * 

83.5 

6.5 

78.6 

11.1 

8.5 

3.8 

2.0 

68.0 

1.2 


Corn , dent , from Na- 
tional Research Coun- 
cil Nation-wide sur- 
vey, in year with 
much soft corn 

Com, dent, Grade No. 2 

85.0 

7.0 

: 

80.0 

10.4 

9.1 

3.9 

2.1 

eKl ! 

1.3* 

,189 

Com, dent, Grade No. 3 * 

83.5 

6.9 

78.5 

10.4 

8.9 

3.8 

2,0 I 

67:5 

1.3 


Corn, dent, Grade No. 4 * 

81.1 

6.7 

76.2 

10.4 

8.7 

3.7 

2.6 ! 

65 

1.2 


Corn, dent, Grade No. 5 * 

78.5 

6.5 

73.9 

10.5 

8.4 

3.6 

1.9 

63.5 

1.2 


Corn, dent, recent feed 
control and experi- 
ment station 
analyses * 

88.2 

6.9 

82.5 

11.0 

9.0 

3.8 

2.4 

71.5 

1.5 

167 

Corn, dent, soft or 
immature * 

66.1 

5.4 

60.6 

10.2 

7.0 

2.2 

2.3 

53.2 

1.4 

5 

Com, dent, soft, 
artificially dried * . . . 

86.4 

6.9 

79.5 

10.5 

9.0 

2.8 

2.4 

70.5 

1.7 

2 

Corn, flint * 

88.5 

7.5 

83.4 

10.1 

9.8 

4.3 

1.9 

71.0 

1.5 

451 

Corn, pop * 

90.0 

8.9 

85.3 

8.6 

11.5 

5.0 

1.9 

70.1 

1.5 

13 

Corn, sweet, mature * . 

90.7 

8.9 

88.6 

9.0 

11.5 

7.9 

2.4 

67.1 

1.8 

72 

Com ears, including ker- 
nels and cobs ( corn- 
and-cob meal ) * .... 

86.1 

5.4 

73.2 

12.6 

7.4 

3.2 

8.0 

66.2 

1,3 


Com ears, soft, or 
immature * 

61.1 

3.4 

49.2 

13.5 

5.6 

1.8 

7.5 

45,1 

1.1 

5 

Corn, snapped, or ear- 
corn chops, with husks* 

89.3 

4.8 

69.1 

13.4 

7.8 

3.0 

10.5 

65.3 

2.7 

443 

Corn, snapped, very soft, 
or immature * 

60.0 

3.0 

45.1 

14.0 

5.3 

1.8 

8.2 

42.7 

2.0 

2 

Com bran 

90.4 

5.6 

69.4 

11.4 

9.8 

7.4 

8.9 

61.9 

2.4 

51 

Corn, cracked, hulled * 

87.6 

6.4 

81.0 

11,7 

8.3 

2.1 

1.2 

74.9 

1.1 

6 

Corn feed meal * 

87.8 

7.0 

82.6 

10.8 

9.1 

4.2 

2.1 

70,8 

1.6 

23 
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Table I. Average composition and digestible nutrients — continued. 





Total 


| Average total composition 

Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral ■ 
matter 

No. of 
anal. 

Concentrates — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

14 

Com germ meal 

93.0 

14.9 

76.1 

4.1 

19.8 

j 7.8 

8.9 

53.2 

3.3 

Corn gluten feed, all 
analyses 

90.3 

21.3 

74.1 

2.5 

24.8 

2.5 

7.2 

48.1 

7.7 

104 

Corn gluten feed, 25% 
protein guarantee . . . 

91.0 

21.6 

75.6 

2.5 

25.1 

2.8 

7.4 

48.8 

6.9 

45 

Corn gluten meal, all 








38.9 

3.5 

42 

analyses 

Corn gluten meal, 41% 

91.6 

36.7 

79.7 

1.2 

43.2 

2.2 

2.3 

0.5 

3.8 

4.3 

0.6 

37.8 

78.4 

4.3 

0.4 

22 

9 

protein guarantee . . 
Corn grits * 

91.3 

88.4 

36.2 

6.5 

78.7 

80.8 

1.2 

11.4 

42.6 

8.5 

Corn meal, degermi- 
nated, yellow * .... 
Cora meal, degermi- 

88.7 

6.7 

81.2 

11.1 

8.7 

8.6 

1,2 

0.6 

77.1 

1 '^j 

Sp 5 

1.2 

0.7 

76.1 

nated, white * 

Corn oil meal, exp. 

88.4 

6.6 

80.2 

11.2 

i 

111 



10.2 

48.8 

or hydr 

Corn oil meal, solvent 

91.6 

16.1 

76.9 

3.8 

22.4 

7.8 


53.6 

2.7 


process # 

91.0 

15.7 

69.6 

3.4 

21.8 

1.5 

11.4 


Corn starch * 

88.9 

0.6 

87.9 

145.5 

0.6 

0.1 

0.2 

87.9 

0.1 

ft 

Corn-and-oat feed, good 

grade * 

Corn-and-oat feed, low 

89.4 

8.4 

77.2 

8.2 

10.9 

4.0 

6.1 

64.9 

3.5 

36 


4.8 

10 

grade * 

90.1 

6.7 

60.9 

8.1 

10.6 

3.8 

9.6- 

61.3 

Cottonseed, whole .... 
Cottonseed, immature. 

92.7 

17.1 

90.8 

4.3 

23.1 

22.9 

16.9 

,.26.3 

3.5 

3.7 

67 

16 

dried * 

93.2 

11.5 

74.6 

5.5 

20.5 

15.9 

24.} 

29.0 

Cottonseed, whole- 







pressed, 28% protein ! 
guarantee 

92.4 

20.2 

58.6 

1.9 

28.0 

5.2 

21.4 

33.2 i 

4.6 

62 

Cottonseed feed, below 











36% protein 

92.4 

27.0 

65.4 

1.4 

34.6 

6.3 

14.1 

31.5 

5.9 

147 

Cottonseed flour * . . . . 
Cottonseed kernels, 

94.4 

46.7 

80.7 

0.7 

57.0 

7.2 

2.1 

21.6 

6.5 

9 

without hulls # .... 

93.6 

31.5 

117.3 

2.7 

38.4 

33.3 

2.3 

15.1 

4,5 

78 

Cottonseed meal or cake, 
45% protein or more 
Cottonseed meal or cake. 

94.3 

37.4 

75.1 

1.0 

45.6 

5.7 

10.3 

25.9 

6,8 

2 

43% protein grade, 
not including Texas 











analyses 

92.8 

35.9 

72.6 

1.0 

43.3 

5.1 

11.0 

27.4 

6.0 

2 

Cottonseed meal or cake. 





43% protein grade, 
Texas analyses 

92.6 

33.7 

72.3 

1.1 

42.1 

6.1 

10.5 

28.3 

5,6 

728 

Cottonseed meal or cake, 











43 % protein grade, 
solvent process * ■ . . . 

91.0 

33.3 

65,2 

1.0 

41.6 

2.0 

10.7 

31.1 

5.6 

21 

Cottonseed meal or cake. 











41% protein grade. 











not including Texas 
analyses * 

92.9 

33.3 

71.7 

1.2 

41.6 

6.0 

10,7 

28.1 

6,5 

i ■ 

68 
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, Mineral and fertilizing constituents 

Digestion coefficients 


||j| 

Feeding stuff 

Plios- Nitro- Potas- 

N-free 

1 No. of 

f :: 1 1 


Calcium phorus gen sium 

Protein Fat Fiber extract 

trials 

j ) ; | 


Concentrates — Cont. 

Com germ meal 

Corn gluten feed, all . 
analyses ......... 


Per ct. Peret. Ferct. Perot. Perot. Per ct. Perot. Perot. 


Corn gluten fe&sL 25% 
protein guarantee . . 

Corn gluten meal, all 
analyses . : 

Com gluten meal, 41% 
protein guarantee . . 

M degermi- 


meal, solvent 

!5Process 

Corn starch 

Corn-and-oat feed, 

good grade 

Corn-and-oat feed, 

low grade 

Cottonseed, whole .... 
Cottonseed, immature, 

dried 

Cottonseed, whole- 
pressed, 28% protein 

guarantee 

Cottonseed feed, below 

36% protein 

Cottonseed flour 

Cottonseed kernels, 

without hulls 

Cottonseed meal or cake, 
45% protein or more 
Cottonseed meal or cake, 
43% protein grade, 
not including Texas 

analyses 

Cottonseed meal or cake, 
43% protein grade, 
Texas analyses ..... 
Cottonseed meal or cake, 
43% protein grade, 
solvent process .... 
Cottonseed meal or cake, 
41% protein grade, 
not including Texas 


0.58 3.17 0.21 75 

0.41 0.80 3.97 0.54 86 

4.02 

0.14 0.41 6.91 0.02 85 

0.15 0.36 6.82 

0.01 0.12 1.36 

0.01 0.14 1.39 

0.01 0.14 1.38 

0.06 0.56 3.58 , . 72 

0.03 0.50 3.49 

0.10 

0.05 0.30 1.74 0.34 


0.14 0.1 


1.70 

3.70 1.11 74 


0.17 0.64 4.48 1.25 72 

0.26 0.83 5.54 1.22 j 78 

9.12 

6.14 

0.23 1.12 7.30 . . 82 


97 32 61 

92 26 69 


97 44 80 


0.23 1.07 6.93 1.45 83 97 43 76 

0.19 0.97 6.74 1.34 80 97 42 74 



... 

I 


3' 

IS? 

i - ; 


at 
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Table I. Average composition and digestible nutrients- 


continued . 


Feeding stuff dry- 

matter 

Concentrates — Cont. Per ct - 

Cottonseed meal or cake, 

41% protein grade, 

Texas analyses 92.2 

Cottonseed meal, 41% 
protein grade, sol- 
vent process * 91.5 

Cottonseed meal or cake, 

38-40% protein grade* 92.6 
Cottonseed meal or cake, 

36% protein grade * 92.6 

Cowpea seed 89.0 

v Crab meal * 92.1 

Darso grain 90.0 

Distillers dried corn 
grains, without 

solubles 94.4 

Distillers dried corn 
grains, with solubles * 92.9 

Distillers dried corn 
grains, with solubles, 
rungal amylase proc.* 94.5 
Distillers dried rye grains 92.3 
Distillers dried sorghum 


Per ct. Per ct. 


grams w 

Distillers dried wheat 

grains * 93.7 

Distillers dried corn 

solubles 92.4 

Distillers dried solu- 
bles, kind not stated * 91.3 

Distillers dried molasses 

solubles * 94.9 

Distillery stillage, corn, 

whole * . 7.9 

Distillery stillage, rye, 

whole* 5.9 

Distillery stillage, 

strained * . 3.8 

Durra grain * 89.8 

Emmer grain 91.1 

Feather meal * 94.6 

Fermentation solubles, 

dried * 94.7 

Feterita grain 89.4 

Feterita head chops * . 89.6 

Fish-liver oil meal 92.8 

Fish meal, all analyses . 92.0 

Fish meal, herring .... 93.5 

Fish meal, menhaden . . 93.5 

Fish meal, red fish * . . 94.1 

Fish meal, salmon * . . . 92.8 


Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

1 : 

Per ct. 

Per ct. 

Per ct. 

Per ct . 

Ferct. 


1.1 

40.8 

5.7 

11.2 

28.9 

| 5.6 

2,923 

0.9 

41.1 

2.1 

11.0 

31.1 

6.2 

190 

1.2 

39.6 

5.2 

10.9 

30.6 

6.3 

25 

1.3 

36.1 

5.4 

14.4 

30.9 

5.8 

16 

3.0 

23.4 

1.3 

3.9 

56.8 

3.6 

. 52 

0.2 

31.6 

2.1 

10.3 

7.2 

40.9 

’*23 

10.2 

10.1 

3.1 

1.9 

73.5 ! 

1.4 

" -27 

3.4 

26.1 

8,9 

12.8 

44.2 

2.4 

* 18 

3.2 

26.6 

9.8 

9.2 

42.6 

4.7 

24 

3.7 

25.6 

13.3 

6.0 

45.3 

4.3 

2 

3.0 

24.4 

5.6 

11.5 

48.3 

2.5 

3 

2.9 

28.0 

7.4 

13 . 9 , 

40.0 

4.7 

4 

2.7 

28.7 

6.1 

13.0 ‘ 

* 42.2 

* d 

3.7 

24 

2.6 

28.5 

9.6 

4.4 “ 

>4 

# 

7:4 

15 

2.8 

25.5 

7.2 

4.1 

.* 46.4 
‘ \ 

‘ 56.0 

8.1 

24 

6.0 

12.9 

0.6 

0 . 7 ‘ 

24.7 

‘ 4 

2.9 

2.3 

0.6 

0.7 

4.0 

«’ •- . ■■ 

0.3 

3 

2.3 

1.9 

0.3 

0.5 

2.9 

0.3 

2 

2.6 

LI 

0.4 

0.2 

1.8 

0.3 

2 

9.1 

10.3 

3.5 

1.6 

72.4 

2.0 

7 

6.4 

12.1 

1.9 

9.8 

63.6 

3.7 

42 

0.04 

87.4 

2.9 

0.6 

0 

3.7 

20 

2.1 

32.1 

5.1 

7.2 ; 

43.8 

6,5 

9 

7.4 

12.2 

3.2 

2.2 ! 

70.1 

1.7 

22 

8.7 

10.7 

2.6 

7.4 | 

65.7 

3.2 

18 

0.7 

62.8 

17.3 

1.2 | 

5.4 

6.1 

9 

0.3 

60.9 

6.9 

0.9 

5.0 

18.3 

154 

0.3 

72.5 

7.3 

0.7 

1.5 

11.5 

8 

0.4 

62.1 1 

8,3 

0.7 

4.2 

18.2 

30 

0.5 

56.8 

11,1 

0,9 

0.9 

24.4 

16 

0.5 

59.4 

9.8 

0.3 

4.3 

19.0 

2 


i 
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Mineral and fertilizing constituents 


Feeding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Concentrates — Cont. 
Cottonseed meal or cake, 
41% protein grade, 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Texas analyses .... 
Cottonseed me5k41 % 
protein grade, sy|yent 

0.24 

0.89 

6.53 

* * 





• • 

process ^ . 

Cottonseed meal or cake, 


1.19 

6.58 







38-40% protein grade 
Cottonseed meal or cake, 

0.20 

1.01 

6.34 

1.57 

*• 




M 

36% protein grade . . 



5.78 







C^wpea seed 

0.10 

0.46 

3.74 

1.30 

82 

69 

63 

92 

at 

Cirfib meal 

15.15 

1.63 

5.06 

0.45 






DarSo grain 

Distillers dried corn 
grains, without solu- 

0.02 

0.32 

1.62 


73 

87 

81 

92 

2 

files 

Distillers dried corn 

0.11 

0.48 

4.18 

0.24 

73 

97 

83 

79 

23 

grains, with solubles 
Distillers dried corn 
grains, with solubles, 

0.16 

0.74 

4.26 

* • 





. . 

fungal amylase process 



4.10 







Distillers dried rye grains 
Distillers dried sorghum 

0.13 

0.43 

3.90 

0.04 

60 

72 

56 

60 

at 

grains 

Distillers dried wheat 

0.15 

0.77 

4.48 

• • 





•• 

grains • • • 

Distillers drieAorn 

0.05 

0.55 

4.59 







solubles . * ...... 

Distillers dried* solubles. 

0.33 

1.39 

4.56 

•• 

79 

72 

74 

1 91 

8 

kind not stated . : . . . 
Distillers dried molasses 

*• 


4.08 




-* 



solubles 

Distillery* stillage, corn, 


0.05 

2.06 

• • 






whole 

Distillery stillage, rye, 

0.006 

0.37 

• • 






whole 

Distillery stillage, 



0.30 

• * 


* • 



* • 

strained 

0.004 

0.05 

0.18 

. . 






Durra grain 

Emmer grain 



1.65 







■ . . 

0.33 

1.94 

0.47 

80 

87 

29 

88 

12 f 

Feather meal 

Fermentation solubles. 

.. 


13.98 







dried 



5.14 

• 






Feterita grain 

0.02 

0.33 

1.95 


78 

75 


91 

6 

Feterita head chops . . . 



1.71 







Fish-liver oil meal .... 



10.05 







Fish meal, all analyses 

5.36 

3.42 

9.74 

0.40 

88 

95 

, . 


47 

Fish meal, herring .... 

2.97 

2.08 

11.60 


89 

100 



16 f 

Fish meal, menhaden . . 

5.30 

2.81 

9.94 

. . 

81 

100 


. * 

2f 

Fish meal, redfish .... 

4.01 

2,44 

9.09 

. .■ 






Fish meal, salmon .... 

5.49 

3.65 

9.50 


' * '■ ■ ! 






Digestion coefficients 


K 


It 1 


m 
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Table I. Average composition and digestible nutrients -continued. 





Total 



Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig, 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Concentrates — Cont. 

Per ct. 

Per ct. 

Per ct. 

1 : 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Fish meal, sardine .... 

94.0 

53.3 

71.1 

0.3 

65.0 

6.8 

1.2 

. 5,3 

15.7 

10 

Fish meal, tuna 

90.1 

42.5 

60.9 

0.4 

58.2 

7.9 

0.7 

3.4 

19.9 

2 

Fish meal, white fish . . 

90.7 

58.5 

72.4 

0.2 

62.9 

6.8 

0.2 

0.3 

• 20.5 

25 

Fish, soluble, dried * . . 

91.2 

63.5 

79.2 

0.2 

71.3 

8.5 

0.6 

0 'S 

10.0 

2 

Fish solubles, condensed 

50.1 

27.0 

42.1 

0.6 

30.3 

7.7 

0.1 

^•6 

9.4 

6 

Flaxseed 

93.8 

21.8 

108.3 

4.0 

24.0 

35.9 

6.3 

24.0 

3.6 

12 

Flaxseed screenings . . . 

91.6 

8.9 

58.4 

5.6 

15.9 

10.2 

13.3 

44.9 

7.3 

18 

Flaxseed screenings oil 
feed * 

91.9 

13.7 

54.5 

3.0 

24.5 

7.2 

11.8 

39.7 

8.7 

9 

Garbage, hotel and 
restaurant * 

26.3 

2.2 

. 23.5 

9.7 

4.3 

5.9 

0.7 

14.0 

1.4 


Garbage, municipal # . 

31.5 

2.5 

24.5 

8.8 

5.0 

4.8 

2.1 

16.1 

3.5 


Garbage, processed, 
high in fat 

95.9 

6.3 

85.5 

12.6 

17.5 

23.7 

20.0 

21.8 

12.9 

4 

Garbage, processed, low 
in fat * 

92.3 

8.3 

57.9 

6.0 

23.1 

3.5 

13.5 

38.1 

14.1 

4 

Grapefruit pulp, dried . 

91,4 

1.5 

73.3 

47.9 

6.1 

1.4 

12.7 

85.4 

5.8 

2 

Grapefruit pulp, fresh * 

16.2 

0.4 

13.9 

33.8 

1.6 

1.4 

2.7 

9.9 

0.6 

1 

Grape pomace, dried . . 

91.0 

1.5 

24.2 

15.1 

12.2 

6.9 

30.2 

38.7 

5.0 

5 

Hegari grain * 

89.7 

7.5 

80.5 

9.7 

9.6 

2.6 

2.0 

73.9 

1.6 

21 

Hegari head chops .... 

89.6 

7.0 

69.6 

8.9 

10.0 

2.1 

11.9 

60.6 

5.0 

6 

Hempseed oil meal . . . 

92.0 

25.1 

43.2 

0.7 

31.0 

6.2 

23.8 

22.0 

9,0 

2 

Hominy feed, 5% fat 
or more 

89.9 

7.5 

83.9 

10.2 

10.6 

6.5 

4.7 ’ 

65.4 

2.7 

91 

Hominy feed, low in fat * 

89.4 

7.2 

81.7 

10.3 

10.1 

4,6 

3.9 

ms 

2.3 

14 

Horse beans * 

87.5 

22.1 

73.6 

2.3 

25.7 

1.4 

S .2 

48.8 | 

3.4 

5 

Ivory nut meal, 
vegetable 

89.4 

0.8 

79.0 

97.8 

4.7 

0.9 

" 7.2 

75, « 

1.1 

4 

Jack beans 

89.3 

20.7 

81.7 

2.9 

24.7 

3.2 

8.2 

50.4 

2.8 

5 

Kafir grain 

89.8 

8.9 

81.6 

8.2 

11.0 

2.9 

1.7 

72.6 

■ 1.6 

71 

Kafir head chops 

89.2 

6.3 

68.0 

9.8 

10.0 

2.6 

6.9 

66.4 

3.3 

54 

Kalo sorghum grain * . . 

89.2 

9.2 

80.3 

7.7 

11.8 

3.2 

1.6 

70.9 

1,7 

1 

Kaoliang grain * 

89.9 

8.2 

81.7 

9.0 

10.5 

4.1 

1.6 

71.8 

1.9 

16 

Kelp, dried * 

91.3 

2.5 

28.9 

10.6 

6.5 

0.5 

6.5 

42.6 

35.2 

20 

Lambs' quarters seed * 

90.0 

13.4 

55.2 

3.1 

20.6 

4.5 

15.1 

40.2 

9.6 

3 

Lespedeza seed, annual 

91.7 

29.6 

65.2 

1.2 

36.6 

7.6 

9.6 

32.8 

5.1 

8 

Lespedeza seed, sericea * 

92.3 

25.8 

61.0 

1.4 

33.5 

4.2 

13.5 

37.3 

3.8 

3 

Lemon pulp, dried .... 

92.8 

2.9 

72.7 

24.1 

6.4 

1.2 

15.0 

65.2 

5.0 

1 

Linseed meal, exp. or 
hydr. process, all 
analyses 

91.1 

30.6 

75.5 

1.5 

35.2 

4.6 

8.9 

36.7 

5.7 

155 

Linseed meal, exp. or 
hydr. process, 37 % 
protein grade * 

91.7 

32.6 

78.0 

1,4 

37.5 

5.9 

8.2 

34.8 

5.5 

8 

Linseed meal, exp. or 
hydr. process, 36 % 
protein grade * 

92.4 

31.5 

75.6 

1.4 

36.2 

3.9 

9.0 

37.5 

5.8 

5 

Linseed meal, solvent 
process, 36 % protein 
grade 

91.0 

30.7 

70.3 

1.3 

36.6 

1.0 

9.3 

38.3 

5.8 

19 


in* 1 " 
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Table L Average composition and digestible nutrients — continued. 


Feeding stuff 

Concentrates — Cont. 
Fish meal, sardine 

. Fish meal, tuna 

Fish meal, wlute fish . . 
Fish, soluble, c&fed . . . 
Fish solubles,. conc%ised 

Flaxseed 

Flaxseed screenings 
Flaxseed screenings oil 

feed 

Garbage, hotel and 

restaurant 

Garbage, municipal . . 
Garbage, processed, 

high in fat 

Garbage, processed, 
low in fat 

Grapefruit pulp, dried . 
Grapefruit pulp, fresh . 
Grape pomace, dried . . 

Hegari grain 

Hegari head chops .... 
Hempseed oil meal ... 
Hominy feed, 5% fat or 

more 

Hominy feed, lcflfr in fat.. 

Horse beans 

Ivory nut m§aL vegeta- 
ble * ; 

Jack beans ' 

Kafir grain . § 

Kafir head chops , . . 
Kalo sorghum grain . . . 
Kaoliang grain 

Kelp, dried 

Lambs’-quarters seed . 
Lespedeza seed, annual 
Lespedeza seed, sericea 
Lemon pulp, dried .... 
Linseed meal, exp. or 
V^hydr. process, all 

analyses 

Linseed meal, exp. or 
hydr. process, 37% 

protein grade 

Linseed meal, exp. or 
hydr. process, 36% 

protein grade 

Linseed meal, solvent 
process, 36% protein 
grade 


Mineral and fertilizing constituents 

Phos- Nitro- Potas- 

Calcium phorus gen sium 


2.80 0.62 36 

3.70 

0.98 . . 25 

0.26 

1.95 . . 12 


1.70 0.61 71 

1.62 

4.11 1.16 


Digestion coefficients 


Protein 

Fat 

Fiber 

N-free 

extract 

No. of _ j 

trials : ' j 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


82 

99 



2 1 | 

73 

94 



8 !} j 

93 

90 



12 1 || 

89 

80 



4f i | 

91 

86 

60 

55 

7 

56 

71 

13 

70 

21 1 


0.86 5.79 


0.86 5.63 1.24 87 92 59 82 


0.39 0.86 6.00 1,10 


84 89 74 80 


« 
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Table I. Average composition and digestible nutrients — continued. 





Total 



Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig- 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

: No. Of 
anal. 

Concentrates — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


d^inseed meal, exp. or 











hydr. process, 34% 











protein guar 

91.0 

30.5 

75.3 

1.5 

35,1 

4.5 

9.0 

36.7 

5.7 

113 

Linseed meal, exp. or 
hydr. process, 32% 
protein guar.* 

91.2 

30.0 

75.7 

1.5 

34.5 

4.8 

9.1, 

** 

y:* 

rii i 

5.7 

29 

Linseed meal and 











screenings oil feed 
( linseed feed ) * .... 

90.6 

23.8 

66.3 

1.8 

31.7 

5.3 

10.1 

36.9 

6.6 

6 

Liver and glandular 
meal * 

93.2 

54.9 

90.2 

0.6 

66.9 

15.6 

2,1 

2.9 

5.7 

6 

Liver meal, animal * . . 

92.4 

54.3 

90.8 

0.7 

66.2 

16.3 

1.4 

2.0 

6.5 

27 

Locust beans and pods. 











honey * 

88.4 

3.2 

65.1 

19.3 

9.3 

2.4 

16.1 

57.1 

3.5 

3 

Lupine seed, sweet, 











yellow 

88.9 

35.4 

76.9 

1.2 

39.8 

4.9 

14.0 

25.7 

4.5 

2 

Malt, barley * 

90.6 

11.3 

80.1 

6.1 

14.3 

1.6 

1.8 

70.6 

2.3 

11 

Malt sprouts 

92.6 

20.3 

70.9 

2.5 

26.4 

1.4 

14.1 

44.5 

6.2 

66 

Meat scrap, or dry- 
rendered tankage, 

55% protein grade . . 

94.2 

45.0 

66.7 

0.5 

54.9 

9.4 

2.5 j 

2.5 

24.9 

77 



Meat and bone scrap, or 
dry-rendered tankage 
with bone, 50% pro- 
tein grade * 93.7 40.8 

Meat and bone scrap, or 
dry-rendered tankage 
with bone, 50% pro- 
tein grade, solvent 

extracted * 93.7 40.9 

Meat and bone scrap, or 
dry-rendered tankage 
with bone, 48% 

protein grade * 93.2 39.9 

Meat and bone scrap, or 
dry-rendered tankage 
with bone, 45% 

protein grade * .... 94.0 37.3 

Mesquite beans and 
pods 94.0 11,7 

Milk, cows 12,8 3.3 

Milk, ewe's * 19.2 6.2 

Milk, goat's * 13.2 3.4 

Milk, mare’s * 9.4 1.9 

Milk, sow’s * 20.1 6.9 

Milk albumen, or lactal- 
bumin, commercial * 92.0 44.6 

Milk, whole, dried * . . 96,8 22.3 

Millet seed, fox tail 
varieties * 89.1 8.6 


94.0 37.3 


0.6 49.7 10.6 


0.2 49.9 


0.6 48.7 10.7 


0.8 45.5 12.3 


2*4 *3.3 


3.3 16.3 

6.2 26.2 


92.0 44.6 58.5 

96,8 22.3 118.7 


5.1 13.0 2.8 

3.9 3.5 3.7 

3.2 6.5 6.9 

4.0 3.6 4.1 

4.3 2.0 1.1 

2.9 7.3 6.7 

0.3 49.5 0.9 

4.3 24.8 26,2 


2.8 26.3 47.4 


8.6 75.7 7.8 12.1 


1.0 12.8 

0.2 40.2 

8.6 60.7 
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Feeding stuff 

Concentrates — Cont. 
Linseed meal, exp. or 
hydr. process, 34 % 
protein guar. ....... 

Linseed meanNcp. or 
hydr. process,^ % 
protein guar. . . 

Linseed meal and i 
screenings oil feed \ 

(linseed feed) 

Liver and glandular 

meal 

Liver meal, animal . . . 
Locust beans and pods, 

honey 

Lupine seed, sweet, yel- 
low 

Malt, barley 

Malt sprouts 

Meat scrap, or dry- 
rendered tankage, 

55 % protein grade . . 
Meat and bone scrap, or 
dry-rendered tankage 
with bone, 50% pro- 
tein grade . 

Meat and bone scrap, or 
dry-rendf red tankage 
with bone, 50% pro- 
tein grade, solvent .■> 

extracted : . . .* . 

Meat and bone scrap, or 
dry-rendered tankage 
with bone, 48%'pro- 

tein grade 

Meat and bone scrap, or 
dry-rendered tankage 
with bone, 45% pro- 
tein grade 

Mesquite beans and 
pods 

Milk, cow's 

Milk, ewe's 

Milk, goat's 

Milk, mare's 

Milk, sow's 

Milk albumen, or lactal- 
bumin, commercial . 
Milk, whole, dried .... 
Millet seed, foxtail 
varieties 


Mineral and fertilizing constituents 

ji Digestion coefficients 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


0.41 

0.85 

5.62 

1.14 





** 

0.32 

0.88 

5.52 

1.40 





*• 

0.43 

0.65 

5.07 

. . 




. . 

. * 



10.70 




.. 

.. 

.. 

0.62 

1.27 

10.59 

* • 








1.49 







0.23 

0.39 

6.37 

0.81 

89 

84 

83 

80 

13 f 

0.08 

0.47 

2.29 







0.26 

0.79 

4.22 


77 

85 

87 

80 

5 

8.49 

4.18 

8.78 

•• 

82 

97 


•• 

3 f 

10.67 

5.27 

7.95 

*• 





•• 

*• 


7.98 


' •• 



*• 

•• 

13.46 

6.59 

7.79 






*• 

.. 

.... 

7.28 

• • 








2.08 


90 

95 

59 

81 

2 

0.12 

0.10 

0.56 

0.14 

95 

98 


98 

23 

0.21 

0.12 

1.04 

0.19 



. . 



0.13 

0.11 

0.58 

0.18 



, , 


* • ’ 

0.08 

0.05 

0.32 

0.08 

* - 

« * • 

. . 


• • 



1.17 


•* 


** 

•* 

•* 

10.02 

3.53 

7.92 







0.91 

0.76 

3.97 

1.06 

•* 




•• 


0.20 

1.94 

0.31 





■ ' . . 


m 



% 
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Table I. Average composition and digestible nutrients — continued. 





Total 



Average total composition 


Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-lree 

extract 

Mineral 

matter 

No. of 
anal. 

Concentrates — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Millet seed, hog, or 
proso 

90.4 

8.4 

76.9 

8.2 

11.9 

3.4 

8.1 

'63.7 

3.3 

69 

Millet seed, Japanese * 

89.8 

7.6 

73.6 

8.7 

10.6 

4.9 

14.6 

54.7 

5.0 

4 

Milo grain 

89.0 

8.5 

79.4 

8.3 

10.9 

3.0 

2.3 

7Q'" 

2.1 

61 

Milo head chops 

89.6 

7.0 

74.3 

9.6 

9.2 

2.5 

7.0 

tf±.6 

„ 

6.3 

12 

Milo gluten feed * . . . . 

88.9 

21.1 

74.3 

2.5 

24.5 

3.4 

6& 

47.7 

6.8 

22 

Milo gluten meal * . . . . 

90.1 

36.1 

82.8 

1.3 

42.5 

4.3 

3,3 m 

38.5 

1.5 

15 

Molasses, beet 

80.5 

4.4 

60.8 

12.8 

8.4 

0 

0 

62.0 

10.1 

14 

Molasses, beet, Steffen's 
process * 

78.7 

4.1 

60.6 

13.8 

7.8 

0 

0 

62.1 

8.8 

4 

Molasses, cane, or black- 
strap 

73.4 

0 

53.7 


3.0 

0 

0 

81.7 

8.6 

40 

Molasses, cane, from 
cane grown on nitro- 
gen-rich muck * . . . . 

80.2 

4.7 

60.4 

11.9 

9.0 

0 

0 

64.0 

7.2 

3 

Molasses, citrus * 

70.4 

0 

53.6 


4.1 

0.2 

0 

61.5 

4.6 

27 

Molasses, pear * 

76.4 

0 

60.8 


1.2 

0 

0 

69.9 

5,3 

1 

Molasses, wood * .... 

58.3 

0 

48.4 


0.5 

0 

0 

55.6 

2.2 

3 

Mustard seed, wild 
yellow * 

95.9 

15.0 

90.8 

5.1 

23.0 

38.8 

5.0 

23.6 

5.5 

1 

Mustard seed oil meal * 

94.0 

23.0 

67.6 

1.9 

27.1 

6.4 

12.1 

41.8 

6.6 

1 

Oat clippings, or clipped 
oat by-product 

92.2 

3.5 

51.0 

13.6 

8.8 

2.3 

25.3 

44.9 

10.9 

5 

Oat kernels, without 
hulls ( oat groats ) * . . 

90.4 

14.6 

91.9 

5.3 

16.2 

6.1 

2.2 

63.7 

2.2 

45 

Oat meal, feeding, or 
rolled oats 

90.8 

14.5 

91.4 

5.3 

16.1 

5.5 

2.6 

64.2 

' , 2.4 

66 

Oat middlings 

91.4 

12.7 

86.6 

5.8 

15.9 

5.2 

>8 

641 

2.4 

6 

Oat mill by-product ( oat 
mill feed ) , usual grade 

93.6 

2.7 

36.8 

12.6 

4.1 

1.1 

31.5 

51.0 

5.9 

10 

Oat mill by-product, 
high grade * 

91.5 

7.9 

58.8 

6.4 

10.8 

3.9 

17.7 

| 53.2 

5.9 

10 

Oat mill by-product, 
with molasses * 

92.4 

3.6 

37.2 

9.3 

5.5 

1.4 

24.1 

55.0 

6.4 

31 

Oats, not including 

Pacific Coast states . . 

90.2 

9.4 

70.1 

6.5 

12.0 

4.6 

11.0 

58.6 

4.0 

498 

Oats, Pacific Coast 
states * 

91.2 

7.0 

72.2 

9.3 

9.0 

5.4 

11.0 

62.1 

3.7 

118 

Oats, ground, usual com- 
mercial feed grade * . 

89.8 

9.0 

68.5 

6.6 

11.6 

4.1 

12.1 

57.7 

4.3 

419 

Oats, light weight .... 

91.2 

8.3 

59.8 

6.2 

12.0 

4.5 

15.1 

54.9 

4.7 

32 

Oats, wild 

89.0 

9.1 

53.9 

4.9 

12.7 

5.5 

15.2 

50.9 

4.7 

2 

Olive pulp, dried, pits 
removed * 

95.1 

; 7.7 

74.6 

8.7 

14.0 

27.4 

19.3 

31.0 

3.4 

1 

Olive pulp, dried, pits 
removed, solvent ex- 
tracted * 

91.3 

7.2 

32.3 

3.5 

13.0 

3.6 

24.6 

41.6 

8.5 

1 

Olive pulp, dried, with 
pits 

92.0 

0 

36.5 


5.9 

15.6 

36.5 

31.5 

2.5 

1 

Orange pulp, dried .... 

87.9 

6.1 

78.4 

11.9 

7.7 

1.5 

8.0 

67.3 

3.4 

3 

Palm-kernel oil meal . . 

91.4 

15.4 

76.5 

4.0 

19.2 

6.7 

11.9 

49.7 

3.9 

6 
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Table I. Average composition and digestible nutrients — continued. 



Mineral and fertilizing constituents 

. f 

Digestion coefficients ‘ [ 

Feeding stuff 


Phos- 

Nitro- 

Potas- 




N-free 

NO. Of 


Calcium 

plioras 

gen 

sium 

Protein 

Fat 

Fiber 

extract 

trials 

Concentrates — Cont. 
Millet seed, hog, or^ 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


proso 

0.05 

0.30 

1.90 

0.43 

71 

73 

53 

92 

6 0: 1 

Millet seed, Japanese . . 
Milo grain . . 

. • 

0.44 

1.70 

0.33 





: 

0.03 

0.28 

1.74 

0.35 

78 

78 

58 

9i 

16 ■ ! 

Milo head chops . . 

0.14 

0.26 

1.47 


76 

87 

52 

91 

4 

Milo gluten feed 



3.92 







Milo gluten meal . . .4 . 



6.80 



, . 



n 

Molasses, beet .... .1. 
Molasses, beet, Steffen’s 

0.05 

0.02 

1.34 

4.77 

52 


•• 

91 

4 1 ; { 

' j 

process 

Molasses, cane, or black- 

0.11 

0.02 

1.25 

4.66 



.. 



strap 

Molasses, cane, from 

0.66 

0.08 

0.48 

3.67 

0 



87 

30 f 

cane grown on nitro- 
gen-rich muck 



1.44 






' • ' f{ 

Molasses, citrus 

1.08 

0.08 

0.66 







Molasses, pear 



0.19 







Molasses, wood 

Mustard seed, wild yel- 

1.48 

0.02 

0.08 






•* 

low 



3.68 

. . 





.. 

Mustard seed oil meal . 
Oat clippings, or clipped 

•• 


4.34 







oat by-product ..... 



1.41 


40 

71 

63 

62 

6 

Oat kernels, without 
hulls ( oat groats ) . . . 
Oat meal, feeding, or 

0.08 

0.46 

2.59 

0.39 






rolled oats 

0.07 

0.46 

2.58 

0.37 

90 

96 

80 

98 

2 

Oat middling^ * 

Oat mill by-product ( oat 

0.08 

0.45 

2.54 

0.57 

80 

93 

49 

95 

2 i 

mill feed ) , usual grade 
Oat mill by-product, 

0.18 

0.20 

0.66 

0.60 

66 

74 

36 

41 

32 

high grade 

Oat mill by-product, 



1.73 







with molasses 



0.88 

. . 


. . 

. . 



Oats, not including Pa- 
cific Coast states .... 
Oats, Pacific Coast 

0.09 

0.33 

1.92 

0.43 

78 

88 

38 

81 

19 ■ i 

yt: A 

states 



1.44 

. . 





{ !' - 

Oats, ground, usual com- 









frj? 'j 

mercial feed grade 



1.86 


69 

86 

36 

68 

• • , [» : i 

Oats, light weight .... 

♦.*- 


1.92 

• . 

9 f [; I , ■ 

2 ; 

Oats, wild 


, . 

2.03 


72 

94 

17 

60 

Olive pulp, dried, pits 



2.24 






; 

removed 

■ , . 





■ W''; 


fe&V ; 

Olive pulp, dried, pits 









I ' ,, 

removed, solvent ex- 
tracted 



2.08 






f’ 

■ ^ ■ I'J; ; 

Olive pulp, dried, with 










pits 

Orange pulp, dried . . . 
Palm-kernel oil meal . . 



0.94 


0 

86 

0 

20 

5 If ' 

' •• 

0.69 

1.23 

3.07 

0.42 

Oo -a 
O CD 

49 

76 

84 

54 

95 

87 

5 M 1 

13 ft * 

f A:»: S 

If 

1 
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Table I. Average composition and digestible nutrients — continued. 





Total 



Average total composition 



Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-fret 

extrac 

5 Minera 
t matter 

1 No. of 
anal. 

Concentrates — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

. Per ct. 


Palm seed, Royal * . . . 

86,5 

3.7 

64.3 

16.4 

6.1 

8.3 

22.8 

43.8 

5.5 

1 

Palmo middlings * .... 

93.4 

13.4 

82.5 

5.2 

16.2 

8.3 

7.6 

55.3 

6.0 

5 

Pea feed, or pea meal . . 
Pea hulls of seeds, or 

90.0 

14.5 

77.9 

4.4 

17.7 

1.4 

23.7 

43.7 

/? 

Jr 3 - 5 

4 

bran 

91.5 

3.4 

69.7 

19.5 

4.8 

0.4 

48.5 


3.5 

4 

Pea seed, field 

90.7 

20.1 

77.9 

2.9 

23.4 

1.2 

e.r. 

Jfo7. 0 

3.0 

15 

Pea seed, field, cull * . 

91.6 

18.9 

79.1 

3.2 

22.0 

1.1 

5.9 

'• 59.8 

2.8 

3 

Pea seed, garden * . . . . 

89.2 

21.8 

76.9 

2.5 

25.3 

1.7 

5.7 

53.6 

2.9 

12 

Peanut kernels, without 











hulls * 

94.6 

27.7 

137.9 

4.0 

30.4 

47.7 

2.5 

11.7 

2.3 

113 

Peanut oil meal, 50% 











protein grade, solvent * 

93.0 

47.6 

77.3 

0.6 

52.3 

1.6 

6.9 

26.3 

5.9 

1 

Peanut oil meal, 45% 
protein grade, exp. or 











nydr., well hulled . . . 

94.0 

42.4 

84.5 

1.0 

46.6 

6.3 

5.5 

30.2 

5.4 

17 

Peanut oil meal and 
hulls, 45% protein 











grade, exp. or hydr. . . 

93.4 

40.3 

76.0 

0.9 

45.3 

6.8 

12.6 

23.7 

5.0 

52 

Peanut oil meal and 
hulls, 45% protein 











grade, solvent * .... 

93.0 

41.9 

68.5 

0.6 

47.1 

1.5 

14.9 

25.0 

4.5 

2 

Peanut oil meal and 
hulls, 43% protein 











grade, exp. or hydr,* . 
Peanut oil meal and 
hulls, 41% protein 

91.8 

38.6 

76.6 

1.0 

43.4 

6.8 

i2.i ; 

24.0 

! ■' r 

5.5 

21 

grade, exp. or hydr.* . 
Peanut oil meal and 
hulls, 41% protein 

92.3 

36.6 

73.3 

1.0 

41.1 

6.6 

15.0 

24.8 

4.8 

247 

grade, solvent * .... 

91.8 

38.0 

66.2 

0.6 

42.7 

1.9 

17:0 

25.4 

4.8 

4 

Peanut skins 

93.8 

4.1 

61.5 

14.0 

16.3 

23.9 

11.8 

39.1 

2.7 

4 

Peanut screenings * . . . 

90.6 

9.7 

40.8 

3.2 

13.8 

8.8 

23.8. 

* 37.3 

6.9 

15 

Peanuts, with hulls .... 
Pear-cannery waste. 

94.1 

20.2 

103.5 

4.1 

24.9 

36.2 

17.5 

12.6 

2.9 

68 

fresh * 

15.2 

0.2 

11.0 

54.0 

0.6 

0.2 

2.6 

11.5 

0.3 

2 

Pear pomace, dried * . . 

90.8 

2.3 

65.3 

27.4 

6.1 

1.3 

13.1 

68.7 

1.6 

1 

Pear pulp, dried * . . . . 

92.4 

2.0 

61.3 

29.7 

5.4 

2.9 

31.5 

47.2 

5.4 

1 

Perilla oil meal 

91.9 

34.2 

61.4 

0.8 

38.4 

8.4 

20.9 

16.0 

8.2 

4 

Pigeon-grass seed * ... 

89.8 

9.4 

58.2 

5.2 

14.4 

6.0 

17.3 

45.8 

6.3 

9 

Pigweed seed* 

Pineapple bran, or pulp. 

90.0 

10.9 

61.4 

4.6 

16.8 

6.2 

15.9 

47.8 

3.3 

1 

dried 

88.6 

0.8 

63.8 

78.8 

4.2 

1.6 

18.4 

61.8 

2.6 

2 

Pineapple bran, or pulp. 











and molasses, dried . . 

87.4 

0.8 

62.7 

77.4 

3.9 

1.0 

15.9 

63.4 

3.2 

8 

Poppy-seed oil meal . . . 
Potato meal, or dried 

89.2 

30.4 

62.3 

1.0 

36.6 

7.9 

11.6 

20.7 

12.4 

2 

potatoes 

91.4 

3.5 

70.4 

19.1 

9.7 

0.3 

2.1 

75.0 

4.3 

9 

Potato pulp, dried, from 
starch manufacture . . 
Potato pulp, dried, lime 









87.7 

5.6 

78.5 

13.0 

7.3 

0.4 

7.7 

69.1 

3.2 

4 

added * 

88.0 

2.8 

72.5 

24.9 

3.6 

0.3 

10.4 

64,2 [ 

9.5 

r 

6 



APPENDIX 

Table I. Average composition and digestible nutrients — continued, 


Feeding stuff 

Concentrates — Cont. 
Palm seed, Royal 

Palmo middlings 

Pea feed, or ^ea meal . 
Pea hulls of setSV, or 

bran . . 

Pea seed, field ... .'V 1 * 
Pea seed, field, cull .'| . 
Pea seed, garden . . . V . 
Peanut kernels, without 

hulls 

Peanut oil meal, 50% 
protein grade, solvent 
Peanut oil meal, 45% 
protein grade, exp. or 
hydr., well hulled . . . 
Peanut oil meal and 
hulls, 45% protein 
grade, exp. or hydr. . 
Peanut oil meal and 
hulls, 45% protein 

grade, solvent 

Peanut oil meal and 
hulls, 43% protein 
grade, exp. or^hydr. . 
Peanut oil meal and 
hulls, 41% protein 
grade, exp. or hydr. ** 
Peanut oil meal and . 
hulls, 41% protein 

grade, solvent 

Peanut skins 

Peanut screenings .... 
Peanuts, with hulls . . . 
Pear-cannery waste, 

fresh 

Pear pomace, dried . . . 

Pear pulp, dried 

Perilla oil meal 

Pigeon-grass seed 

Pigweed seed 

Pineapple bran, or pulp, 

dried 

Pineapple bran, or pulp, 
and molasses, dried . 
Poppy-seed oil meal . . . 
Potato meal, or dried 

potatoes 

Potato pulp, dried, from 
starch manufacture . 
Potato pulp, dried, lime 
added 


Mineral and fertilizing constituents 

Pffos- Nitro- Potas- 

Calcium phorus gen sium 


Digestion coefficients 


Protein 

Fat 

Fiber 

N-free 

extract 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

82 

68 

87 

93 

71 

75 

78 

81 

86 

64 

50 

93 


4.86 0.54 


0.16 0.54 7.46 1.15 91 92 51 87 20 f 


25 

92 


16 

81 

93 

34 

13 


0.10 

0.98 

2.20 0.11 0.86 

0.56 0.47 6.14 


0.28 0.08 0.67 


92 18 38 8 f 


0.20 1.55 1.97 36 


0.16 0.58 


r" : 
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Table I. Average composition and digestible nutrients — continued . 






Total 



Average total composition 

Feeding stuff 

Total 

dry 

matter 

Dig. 

pro- 

tein 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Pro- 

tein 

Fat 

Fiber 

N-fret 

extrac 

j Mineral 
t matter 

Concentrates — Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

. Per ct, 

. Per ct. 

Poultry by-product meal 
Pumpkin seed, not 

93.4 

47.1 

73.9 

0.6 

55.4 

13.1 

1.6 

.4.6 

18.7 

dried* 

55.0 

14.8 

68.7 

3.6 

17.6 

20.6 

10.8 

4.1 

1.9 

Raisin pulp, dried .... 

89.4 

2.3 

47.5 

19.7 

9.6 

7.8 

16.1 

50> 

5.3 

Raisins, cull * 

84.8 

0.8 

41.5 

50.9 

3.4 

0.9 

4.4 

J&l 

3.0 

Rape seed * 

90.5 

17.3 

117.1 

5.8 

20.4 

43.6 

6.6. 

A i5.7 

4.2 

Rape-seed oil meal .... 

89.5 

28.5 

68.1 

1.4 

33.5 

8.1 

10.8 

* 30.2 

6.9 

Rice, brewers' * 

88.3 

5.8 

80.6 

12.9 

7.5 

0.6 

0.6 

78.8 

0.8 

Rice, brown * 

87.8 

7.0 

81.0 

10.6 

9.1 

2.0 

1.1 

74.5 

1.1 

Rice, polished * 

87.8 

5.7 

80.1 

13.1 

7.4 

0.4 

0.4 

79.1 

0.5 

Rice bran 

Rice bran, solvent ex- 

90.8 

8.4 

67.4 

7.0 

12.4 

13.6 

11.6 

39.9 

13.3 

tracted * 

Rice bran, with added 

90.9 

9.7 

55.3 

4.7 

14.3 

3.1 

12.0 

47.9 

13.6 

calcium carbonate * . 

90.1 

7.7 

67.0 

7.7 

11.3 

13.6 

11.6 

40.3 

13.3 

Rice grain, or rough rice 
Rice polishings, or rice 

88.8 

6.0 

70.2 

10.7 

7.9 

1.8 

9.0 

64.9 

5.2 

polish 

Rice polishings, with 
added calcium car- 

89.8 

9.7 

81.5 

7.4 

12.8 

13.4 

2.7 

51.0 

9.9 

bonate * 

89.9 

9.2 

81.8 

7.9 

12.1 

14.9 

4.1 

48.1 

10.7 

Rubber-seed oil meal . 

91.1 

20.4 

63.4 

2.1 

28.8 

9.2 

10.0 

37.6 

5.5 

Rye grain 

89.5 

10.0 

76.5 

6.7 

12.6 

1.7 

2.4 

70.9 

1.9 

Rye feed 

90.4 

12.2 

68.1 

4.6 

16.1 

3.3 

4.6 

62.7 

3.7 

Rye flour * 

88.6 

8.5 

74.5 

7.8 

11.2 

1.3 

0.6 

74.6 

0.9 

Rye flour middlings . . . 

90.6 

11.9 

72.8 

5.1 

16.5 

3.5 

I .4:2 

63.1 

3.3 

Rye middlings 

Rye middlings and 
screenings * 

90.2 

12.6 

72.0 

4.7 

16.6 

3.4 

5.2 

' 61.2 

3.8 

90.4 

12.7 

71.6 

4.6 

16.7 

3.8 

6.1 

59.5 

4.3 

Safflower seed * 

Safflower-seed oil meal, 

93.1 

13.0 

82.4 

5.3 

16.3 

29.8 

26.(3 

17.5 

2.9 

from well hulled seed * 
Safflower-seed oil meal. 

90.5 

37.4 

69.4 

0.9 

42.5 

6.7 

8.5 

-.26.4 

6.4 

from unhulled seed . . 
Safflower-seed oil meal, 

91.5 

17.2 

50.1 

1.9 

21.5 

6.9 

32.8 

26.5 

3.8 

from partly hulled seed 
Safflower-seed oil meal, 
from partly hulled 

94.0 

30.3 

65.1 

1.1 

34.4 

6.2 

18.4 

28.8 

6.2 

seed, solvent * 

93.8 

19.2 

52.6 

1.7 

21.8 

1.0 

26.9 

40.1 

4.0 

Sagrain sorghum grain* 
Screenings, grain, good 

90.0 

7.4 

81.6 

10.0 

9.5 

3.5 

2.1 

73.4 

1.5 

grade 

Screenings, grain, higher 

90.0 

9.2 

62.8 

5.8 

12.8 

4.7 

11.8 

51.9 

8.8 

in fiber 

90.4 

8.5 

56.5 

5.6 

13.1 

5.4 

16.1 

46.1 

9.7 

Screenings, refuse .... 

90.3 

7.2 

50.3 

6.0 

10.4 

3.9 

28.3 

38.1 

9.6 

Schrock sorghum grain * 

89.1 

8.0 

79.6 

9.0 

10.2 

3.0 

3.4 

70.8 

1.7 

Sesame seed * 

92.0 

20.3 

95.8 

3.7 

22.3 

42.9 

10.3 

10.9 

5.6 

Sesame oil meal 

93.7 

39.4 

71.3 

0.8 

43.3 

9.0 

6.2 

23.6 

11.6 

Shallu grain * 

89,8 

10.5 

80.7 

6.7 

13.4 

3.7 

1.9 

68.9 

1.9 

Shallu head chops * ... 

90.5 

8.0 

69.0 

1 

7.6 

12.7 1 

3.5 

9.2 

61.9 

3.2 



No. of 
anal. 


25 

1 

4 


6 

18 

45 

93 

10 

98 

18 

48 


19 

2 

56 

154 

7 

81 

79 

1 

1 

2 

2 

1 

2 

16 

24 

7 

3 

2 

7 

19 

3 
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APPENDIX 

Table I. Average composition and digestible nutrients — continued . 

Mineral and fertilizing constituents Digestion coefficients 


Feeding stuff 

Concentrates — Cont. 
Poultry by-product meal 
Pumpkin seed, not ’ 

dried 

Raisin pulp, 5^ibd .... 
Raisins, cull . . . . . 

Rape seed • 

Rape-seed oil meal . . | . 
Rice, brewers' ..... y. 

Rice, brown 

Rice, polished 

Rice bran . > 

Rice bran, solvent ex- 
tracted ‘ 

Rice bran, with added 
calcium carbonate , . 
Rice grain, or rough rice 
Rice polishings, or rice 

polish 

Rice polishings, with 
added calcium car- 
bonate 

Rubber-seed oil meal . . 

Rye grain 

Rye feed . 

Rye flour 

Rye flour middlings ... 
Rye middlings . . v . . . 
Rye middlings and 

screenings 

Safflower seed i' 

Safflower-seed oil meal,'-. 

from well hulled seed 
Safflower-seed oil meal, 
from unhulled seed . 
Safflower-seed oil meal, 
from partly hulled seed 
Safflower-seed oil meal, 
from partly hulled 

seed, solvent 

Sagrain sorghum grain . 
Screenings, grain, good 

grade 

Screenings, grain, 

higher in fiber 

Screenings, refuse .... 
Schrock sorghum grain 

Sesame seed 

Sesame oil meal 

Shallu grain 

Shallu head chops .... 


Mineral and fertilizing constituents 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Per ct. 

Per ct. 

Per ct. 

Per ct. 



8.86 




2.82 


. . 


1.54 




0.54 




3.26 




5.36 


0.04 

0.10 

1.20 


0.04 

0.25 

1.46 


0.01 

0.09 

1,18 

0.04 

0.08 

1.36 

1.98 

1.74 



2.29 


8.82 


1.81 


0.08 

0.32 

1.26 

0.34 

0.05 

1.18 

2.05 

1.17 



1.94 




4.61 


0.10 

0.33 

2.02 

0.47 

0.08 

0.69 

2.58 

0.83 

0.02 

0.28 

1.79 

0.46 



! 2.64 


0.06 

0.63 

1 2.66 

0.63 



2.67 


** 

•• 

2.61 


• • 


6.80 




3.44 




5.50 

•• 



3.49 


0.02 

0.27 

1.52 


0.43 

0.39 

2.05 




2.10 




1.66 

♦ . 



1.63 


0.94 

0.70 

3.57 


2.02 

1.61 

6.93 

1.35 



2.14 




2.03 

■■ I 


hotein 

Fat 

Fiber 

. N-free 
extract 

No. of 
trials 

Per ct. 

Per ct. 

Per ct. 

Per et. 

... 

24 

90 

i9 

52 

5 

85 

89 

24 

69 

'at 

68 

83 

28 

76 

22 f 

76 

76 

23 

91 

6 

76 

86 

34 

88 

12 t 

71 

92 

21 

58 

4 

79 

53 


90 

5 f 

76 

61 

12 

81 

15 f 

72 

86 

11 

85 

’ at 

76 

76 

30 

85 

lif 

80 

82 

22 

49 

8 

88 

89 

23 

63 

16 

72 

88 

6 

84 

10 f 

65 

64 

18 

81 

2 1 

69 

71 

! 32 

73 

3 

91 

65 

55 

65 

16 f 
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FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued . 

{ | j Total i II Average total composition 


Feeding stuff 

Concentrates — Cont. 

Shark meal* 

Shrimp meal * 

Skimmilk, centrifugal * 

Skimmilk, gravity 

Skimmilk, dried 

Sorghum grain, combine 

types * 

Sorghum seed, Norghum 
Sorghum seed, sweet . . 
Sorghum gluten feed * . 
Sorghum gluten meal * . 

Soybean seed 

Soybean flour, medium 

in fat * 

Soybean flour, solvent 

extracted * 

Soybean mill feed, 

chiefly hulls * 

Soybean oil meal, exp. or 
hydr., all analyses . . . 
Soybean oil meal, sol- 
vent, all analyses . . . 
Soybean oil meal, sol- 
vent, 44% protein 

guarantee * 

Soybean oil meal, exp. or 
hydr., 43% protein 

guarantee * 

Soybean oil meal, exp. or 
hydr., 41% protein 

guarantee * 

Soybean oil meal, exp. or 
hydr., 41% protein 
guarantee, with added 
calcium carbonate * . 
Soybean oil meal, de- 
hulled, solvent, 50% 
protein guarantee * . 

Starfish meal * 

Sudan-grass seed * .... 

Sunflower seed * 

Sunflower seed, hulled * 
Sunflower-seed oil meal, 
from well-hulled seed 
Sunflower-seed oil cake, 
from unhulled seed, 

solvent 

Sweet potato meal, or 
dried sweet potatoes . 
Sweet potato pomace, 
dried, from starch 
manufacture* ..... 


Total 

Total Dig. dig. 

dry pro- nutri- 

matter tein ents 

Per ct. Per ct. Per ct. 

91.2 52.9 55.2 

89.7 37.8 43.5 

9.5 3.4 8.7 

10.1 3.4 10.2 

93.9 29.8 79.8 

89.6 8.4 79.9 

88.4 8.5 79.6 

89.2 5.8 77.5 

90.7 21.4 75.6 

90.0 35.3 83.2 

90.0 33.7 87.6 

92.9 40.2 82.0 

91.5 40.7 74.2 


Nutri- 
tive Pro- 
ratio tein 


N-free Mineral 
Fat Fiber extract matter 


1 : Per ct. Per ct. Per ct. Per ct. Per ct. 


0.0 74.5 

0.2 46.7 

1.6 3.6 

2.0 3.6 

1.7 33.1 


2.7 0.5 0 

2.8 11.1 ' 1.3 
0.1 0 5.1 
0.8 0 5.0, 
1.1 0.6 


5.1 0.7 

5 -M °« 7 
§K 8.0 


10.8 

2.8 

2 .$ 

i ' 71.7 

2.0 

11.5 

3.0 

1.8 

" 70.6 

1.5 

9.5 

3.3 

2.0 

72.8 

1.6 

24.9 

3.6 

6.5 

48.4 

7.3 

41.5 

4.3 

2.9 

40.1 

, 1,2 

37.9 

18.0 

5.0 

24.5 

4.6 

47.9 

6.7 

2.4 

29.9 

6.0 

48.5 

0.8 

2.6 

33.0 

6.6 

12.0 

1.2 

35.8 

34.5 

4.5 

44.0 

4.9 

5.9 

30.0 

6.2 

45.7 

1.3 

5.9 

31.4 

6.1 

45.7 

1.3 

5.8 

31.4 

6.1 

43.9 

i 5.2 

5,9 

30.2 

6.2 

44.0 

4.8 

5.9 

30.0 

6.2 


91.0 37.1 77.0 1.1 44.2 5.3 5.9 27.9 7.7 


91.7 46.4 79.4 0.7 50.4 1.0 3.2 31.0 

96.5 24.8 36.5 0.5 30.6 5.8 1.9 14.3 43.9 

92.4 9.2 47.1 4.1 14.2 2.4 25.4 38.4 12.0 

93.6 13.9 76.3 4.5 16.8 25.9 29.0 18.8 


95.5 25.2 116.1 
94.3 45.0 70.8 


3.6 27.7 41.4 6.3 16.3 
0.6 49.5 4.9 5.4 28.6 


89.2 16.3 35.6 1.2 19.6 1.1 35.9 27.0 5.6 

90.2 0.7 72.7 102.9 4.9 0.9 3.3 77.0 4.1 

90.2 0.4 69.0 171.5 2.5 0.3 9.6 71.8 6.0 




APPENDIX 

Table I. Average composition and digestible nutrients — continued. 



Mineral and fertilizing constituents 


Digestion coefficients 


Feeding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Concentrates — Cont. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Shark meal 

3.48 

1.92 

11.92 







Shrimp, meal 



7.47 







Skimmilk, centrifugal . 

0.1.3 

0.10 

0.58 

0.15 






Skimmilk, gra^ijy .... 

0.13 

0.10 

0.58 

0.15 

94 

100 


100 

3 

Skimmilk, dried .... 
Sorghum grain, com**. 

1.28 

1.04 

5.30 

1.46 

90 

100 


93 

3 

bine types . 

0.02 

0.32 

1.73 







Sorghum seed, Norghv m 





74 

80 

39 

92 

4 

Sofghum seed, sweet . 

0.02 

0,28 

1.52 

0.37 

61 

66 

100 

89 

2 

Sorghum gluten feed . . 

0.09 

0.59 

3.98 







Sorghum gluten meal . . 

0.02 

0.17 

6.64 




. . 


35 

Soybean seed 

Soybean flour, medium 

0.25 

0.59 

6.06 

1.50 

89 

88 


67 


in fat 

Soybean flour, solvent 

extracted 

Soybean mill feed, 

chiefly hulls 

Soybean oil meal, exp. 

or hydr., all analyses 
Soybean oil meal, sol- 
vent, all analyses . . . 
Soybean oil meal, sol- • 
vent, 44% protein * 

guarantee 

Soybean oil meSl, exp. 
or hydr., 43% pro- 
tein guarantee » 

Soybean oil meal, exp. 
or hydr., 41% pro- 
tein guarantee 

Soybean oil meal, exp. or 
hydr., 41% protein 
guarantee, with added 
calcium carbonate . . 
Soybean oil meal, de- 
hulled, solvent, 50% 
protein guarantee . . 

Starfish meal 

Sudan-grass seed 

Sunflower seed 

Sunflower seed, hulled . 
Sunflower-seed oil meal, 
from well-hulled seed 
Sunflower-seed oil 
cake, from unhulled 

seed, solvent 

Sweet potato meal, or 
dried sweet potatoes 
Sweet potato pomace, 
dried, from starch 
manufacture 


0.63 7.04 1.77 84 


0.64 7.31 1.92 92 


0.63 7.31 1.92 


84 

85 

73 

91 

67 f 

92 

47 ! 

87 

94 

26 f 


7.02 


0.59 7.04 


8.06 

0.45 4.90 

2.27 

0.52 2.69 0.66 
0.96 4.43 0.92 

1.22 7.92 


0.14 0.78 


19 53 24 f 


83 85 21 36 22 f 


14 74 37 90 40 
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FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued . 





Total 


[j Average total composition 

Feeding stuff 

Total 

Dig* 

dig. 

Nutri- 







dry 

pro- 

nutri- 

tive 

Pro- 



N-free 

; Minera' 

l No. of 


matter 

tein 

ents 

ratio 

tein 

Fat 

Fiber 

extraci 

t matter 

anal. 

Concentrates — Cont. 
Tankage, or meat meal, 

Per ct. 

Per ct. 

Per ct. 

1: 

Perct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


digester process, 60 % 

protein grade 

Tankage, digester proc- 

92.8 

50.5 

65.8 

0.3 

59.4 

7.5 

1.9 

2.6 

y zlA 

127 

ess, 60% protein grade, 
adulterated with 










paunch contents * . . 

94.0 

49.2 

64.7 

0.3 

59.3 

7.3 

5.5 l 5.3 

16.6 

8 

Tankage, digester proc- 







i 




ess, 60% protein 
grade, adulterated 











with calcium car- 
bonate * , . 

94.3 

48.8 

66.1 

0.4 

57.4 

8.1 

3.7 

4.5 

20.6 

11 

Tankage, digester proc- 
ess, or meat meal, 

55% protein grade * 











94.5 

48.1 

68.8 

0.4 

56.6 

9.9 

2.1 

4.5 

21.4 

10 

Tankage with bone, di- 











gester process, or meat- 
and-bone meal, 50% 
protein grade * 

93.8 

42.8 

62.3 

0.5 

50.3 

9.4 

2.6 

3.9 

27.6 

21 

Tankage with bone, di- 











gester process, or 
meat-and-bone meal, 
45% protein grade * 
Tankage with bone, di- 

93.9 

36.4 

64.1 

0.8 

45.5 

14.3 

2.4 

.4*8 

26.9 

16 

gester process, or 
meat-and-bone meal. 





i 


a 




40% protein grade * 

94.7 

34.3 

61.3 

0.8 

42.9 

14.1 

2.2 

4.1 

1 31.4 

8 

Tomato pomace, dried * 

94.7 

16.0 

56.6 

2.5 

22.6 

! 14.5 

30.5 

23.8 

3.3 

8 

Velvet bean seeds and 








pods (velvet bean 
feed) . . 









» 


90.0 

13.4 

19.0 

73.8 

81.7 

4.5 

3.3 

18.1 

23.4 

4.4 

5.7 

1 Q A 

50.3 

51.5 

4.2 

3.0 

73 

10 

Velvet beans, seeds only 

90.0 

JLo.U 

6.4 

Vetch seed * 

Whale meal * 

90.7 

91.8 

24.0 

66.7 

64.0 

80.8 

1.7 

0.2 

29.6 

78.5 

0.8 

6.7 

5.7 

0 

51.5 

3.1 

3.1 

3.5 

2 

Whale solubles, con- 

1 





X 

densed * 

52.6 

38.4 

42.7 

0.1 

43.1 

1.3 

0 

4.1 

4.1 


Wheat, average of all 

1 







types 

Wheat, hard spring, 

89.5 

11.1 

80.0 

6.2 

13.2 

1.9 

2.6 

69.9 

1,9 


chiefly northern plains 

states * 

Wheat, hard winter, 

90.1 

13.3 

80.7 

5.1 

15.8 

2.2 

2.5 

67.8 

1.8 

185 

chiefly southern plains 
states * 

89.4 

11.3 

79.6 

6.0 

13.5 

1.8 

2.8 

69.2 

2.1 

86 

Wheat, soft winter, 








Miss. Valley and 

eastward * 

Wheat, soft, Pacific 

89.2 

8.6 

80.1 

8.3 

10.2 

1.9 

2.1 

73.2 

1.8 

181 

Coast states * 

Wheat bran, all 

89.1 

8.3 

79.9 

8.6 

9.9 

2.0 

2.7 

72.6 

1.9 

57 

analyses 

90.1 

13.3 

66.9 

4.0 

16.4 

4.5 

10.0 

53.1 

6.1 

146 


APPENDIX 

Table I. Average composition and digestible nutrients — continued . 


Mineral and fertilizing constituents 


Feeding stuff 

Concentrates — Cont. 
Tankage, or meat njeal, 
digester process, 60% 


Tankage, digester proc- 
ess, 60% prote v ‘} >? 
grade, adulterated 
with paunch contents 
Tankage, digester proc- 
ess, 60% protein 
grade, adulterated 
with cafcjfcm car- 
bonate ' * 

Tankage, digester proc- 
cess, or meat meal, 
55% protein grade . . 
Tankage with bone, di- 
gester process, or 
meat-and-bone meal, 
50% protein grade , . 
Tankage with bone, di- 
gester process, or 
meat-and-bone meal, 
45% protein gr s ade . . 
Tankage with bone, di- 
gester process, or 
meat-and-bone meal, 
40% protein grade . . 
Tomato pomace, dried-; 
Velvet bean $eeds and 
pods ( velvet bean-. 

feed) 

Velvet beans, seeds only 

Vetch seed 

Whale meal : 

Whale solubles, con- 
densed 

Wheat, average of all 

types 

Wheat, hard spring, 
chiefly northern 

plains states 

Wheat, hard winter, 
chiefly southern 
plains states ........ 

Wheat, soft winter. 

Miss. Valley and 

eastward 

Wheat, soft, Pacific 

Coast states 

Wheat bran, all analy- 
ses 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

6.37 

3.23 

9.50 

0.46 

85 

84 


*• 

9.49 

' 





9.18 

... 

... 


7.33 

3.93 

9.06 

•• 



10.47 

5.18 

8.05 

-v 


•• 

.. 


7.28 

*• 


•* 

13.01 

5.45 

6.86 






*3.62 

•• 



0.24 

0.38 

2.90 

1.20 

74 

80 



3.74 


81 

64 



4.74 




0.56 

0.57 

12.56 

•• 





6.90 




0,04 

0.39 

2.11 

0.42 

84 

81 

0.04 

0.40 

2.53 

•* 


.. 

0.05 

0.42 

2.16 


•• 

•* 

. . 

0.29 

1.63 

. . 



** 


1.58 




0.13 

1.29 

2.62 

1.23 

81 

83 


Digestion coefficients 


N-free 
Fiber extract 


FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 

I I I Total I II Average total composition 


Feeding stuff 

Concentrates — Cont. 
Wheat bran, hard 
wheat, chiefly hard 
spring wheat * 



Wheat bran and 

screenings * 

Wheat brown shorts . . . 
Wheat brown shorts 
and screenings * . 

Wheat flour, graham * . 
Wheat flour, low grade 
Wheat flour, white * . . 
Wheat flour middlings . 
Wheat flour middlings 
and screenings * . 

Wheat germ meal * . . . 
Wheat germ oil meal * 
Wheat gray shorts .... 
Wheat gray shorts 

and screenings * 

Wheat mixed feed, 

all analyses 

Wheat mixed feed, 

hard wheat * 

Wheat mixed feed 
and screenings * . . . . 

Wheat red dog * 

Wheat screenings, good 

grade 

Wheat standard 

middlings 

Wheat standard mid- 
dlings, hard wheat * . 
Wheat standard mid- 
dlings and screenings * 
Wheat white shorts . . . 
Whey, from cheddar 

cheese * 

Whey, skimmed * .... 
Whey, condensed * . . . 

Whey, dried ° 

Whey product, dried * 
Yeast, brewers’, dried . 
Yeast, dried, with 

added cereal * 

Yeast, irradiated, dried * 
Yeast, molasses dis- 
tillers, dried * 

Yeast, torula, dried * . . 


Total 

dry 

matter 

Dig. 

pro- 

tein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Per ct. 

Per ct. 

Per ct. 

1: 

. 90.5 

14.1 

67.5 

3.8 

90.5 

11.8 

66.9 

4.7 

89.2 

13.0 

65.6 

4.0 

88.5 

13.9 

74.2 

4.3 

88.3 

13.3 

73.6 

4.5 

88.1 

11.5 

85.8 

6.5 

88.4 

14.2 

87.1 

5.1 

88.0 

9.9 

86.7 

7.8 

90.1 

15.4 

79.2 

4.1 

89.6 

15.0 

78.4 

4.2 

89.9 

24.5 

83.1 

2.4 

89.1 

26.8 

78.5 

1.9 

89.1 

13.8 

77.2 

4.6 

88.5 

13.6 

76.4 

4.6 

90.7 

13.1 

70.1 

4.4 

91.0 

13.9 

71.0 

4.1 

90.2 

13.4 

70.3 

4.2 : 

89.6 

15.8 

85.5 

4.4 ; 

90.4 

10.0 

68.7 

5.9 ; 

90.1 

14.3 

77.2 

4.4 ] 

90.5 

14.5 

77.6 

4.4 J 

90.3 

14.1 

77.5 

4.5 ] 

89.4 

14.5 

86.0 

4.9 I 

6.9 

0.8 

6.5 

7.1 

6.6 

0.8 

5.9 

6.4 

69.1 

9.4 

56.9 

5.1 1 

93.0 

11.5 

78.3 

5.8 1 

90.7 

13.8 

71,9 

4.2 1 

94.0 

38.6 

72.8 

0.9 4 

90.3 

10.6 

73.4 

5.9 1 

93.9 

41.9 

71.7 

0.7 4 

91.0 

33.4 

63.3 

0.9 3< 

92.3 

39.9 

69.8 

0.7 4i 


Fiber 

N~fre< 

extrac 

s Minera 
t matter 

1 No. of 
anal. 

Per ct, 

. Perct 

. Per ct. 


10.5 

51.4 

r 6 * 3 

28 

8.9 

7 

* 6.0 

5 

9-6. 

fs 3.4 

6.2 

265 


6.8/ 57.1 


5.2 59.1 

3.3 44.4 
2.6 46.4 

6.0 58.6 

6.1 58.0 

8.3 57.1 

8.9 55.3 

8.1 56.1 

3.5 60.5 

9.0 58.2 

7.3 55.9 

8.0 54.9 

7.4 56.3 

2.4 65.1 

0 5.0 

0 5.0 

0 49.2 

0.2 70.1 

0.3 59.4 

2.7 38.8 

3.3 68.4 

5.5 32.2 

6.1 30.2 

2.5 34.0 




ill 


APPENDIX 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Concentrates — Cont. 
Wheat bran, hard 
wheat, chiefly hard" 
spring wheat ... . 

Wheat bran, s<^t wheat 
Wheat bran and screen- 
ings 

Wheat brown shorts . . » 
Wheat brown shorts • 

and screenings 

Wheat flour, graham . . 
Wheat flour, lmv grade 
Wheat flour, white .... 
Wheat flour middlings . 
Wheat flour middlings 

and screenings 

Wheat germ meal .... 
Wheat germ oil meal . . 
Wheat gray shorts .... 
Wheat gray shorts and 

screenings 

Wheat mixed feed, all 

analyses 

Wheat mixed feed, 

hard wheat 

Wheat mixed feed and’ 
screenings ........ 

Wheat red dog ....... 

Wheat screenings, 

good grade . | 

Wheat standard' mid- 
dlings j 

Wheat standard mid- • 
dlings, hard wheat . . 
Wheat standard mid- 
dlings and screenings 
Wheat white shorts . . . 
Whey, from cheddar 

cheese 

Whey, skimmed 

Whey, condensed 

Whey, dried 

Whey product, dried . . 
Yeast, brewers", dried . . 
Yeast, dried, with 

added cereal 

Yeast, irradiated, dried 
Yeast, molasses distillers, 

dried 

Yeast, torula, dried . . . 


Mineral and fertilizing constituents 


Digestion coefficients 


Phos- Nitro- Potas- N-free 

Calcium phorus gen sium Protein Fat Fiber extract 

Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 


2.51 

2.00 0.46 

2.46 

1.73 0.05 

2.80 0.89 

2.74 

4.45 0.29 


2.59 

2.86 0.60 

2.22 

2.75 1.04 


0.14 0.19 

0.14 


1.97 

7.79 2.14 


92 

87 

50 | 

99 

88 

86 

54 

88 


72 

88 ; 

| 

6 

84 

10 1 

83 

85 | 

60 

88 

7 
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FEEDS AND FEEDING 


Table II. Estimated Net-energy Values and 
Feed Evaluation Factors 


1 


Estimated net-energy values. — For 
the reasons stated in Chapter III, it is 
the belief of the author that net-energy 
values are more accurate than total di- 
gestible nutrients for comparing the value 
of a roughage with that of a concentrate 
for productive purposes. (77-80) This 
may also be the case when a high-grade 
concentrate, containing but little fiber, is 
to be compared with a concentrate which 
has appreciably more fiber. 

The following table of estimated 
net-energy values of the most important 
feeding stuffs has therefore been pre- 
pared by the author. These estimates 
are based upon a study of all the avail- 
able data that provide information con- 
cerning the relative values of these feeds 
for productive purposes. It should be 
distinctly understood that many of the 
values are only approximate and are sub- 
ject to revision and change, as additional 
data may become available. 

It will be noted that the first two 
columns of figures give the percentage of 
dry matter and the percentage of di- 
gestible protein in each feed. These 
values are the same as those given in 
Appendix Table I, and they are repeated 
here for ease in computing rations ac- 
cording to the net-energy method, by the 
use of the net-energy feeding standards 
presented in Appendix Table III. The 
figures for digestible protein are the val- 
ues for digestible crude protein, and not 
digestible true protein. (18) 

These data indicate the relative net- 
energy values of the various feeding 
stuffs when each feed is used in a com- 
plete, well-balanced ration, which pro- 
vides adequate supplies of protein, min- 
erals, and vitamins. If any feed is 
improperly used or if it forms part of a 
ration that has nutritive deficiencies, its 
value may be much less than shown in 
this table. Also, when a protein-rich feed 
is fed in great excess of the amount 


values indicate merely the worth of the 
various feeds as sources of energy, and 
do not take into consideration the values 
of the feeds as sources of protein, min- 
erals, and vitamins. Thus, the high-grade 
protein-rich concentrates have no higher 
net-energy values than sucjh feeds as 
corn and wheat, which are relatively low 
in protein. ^ 

It should also be Borne in mind that 
net-energy values cl f not indicate the 
relative efficiency or different feeds for 
maintaining farm animals in cold weath- 
er. (75) In comparing the Values of 
feeds for maintenance, the total digest- 
ible nutrient values given in - Appendix 
Table I should be used. 

These net-energy values are pri- 
marily for cattle and sheep, but may 
also be employed in computing rations 
for horses and swine, when used with 
the net-energy recommendations given 
in the last column of the Morrison feed- 
ing standards. (Appendix Table III.) 

Net-energy values for dairy cows. — 
As has been shown in Chapter III, the 
various feeding stuffs have materially 
higher net-energy values for milk produc- 
tion than for the fattening of animals. 
(78) However, the relative net-energy 
values of most feeds for mill production 
and for fattening are ’probably not far dif- 
ferent. Where it is believed that the rela- 
tive net-energy value of a particular feed 
for dairy cows differs materially from its 
value for fattening cattle or sheep, the 
estimated net-energy value of the feed 
for dairy cows is shown separately. 

It seems probable that the relative 
net-energy value, or productive value, 
of good-quality hay for dairy cows is 
somewhat higher in relation to*the values 
of concentrates, than in the case of fat 
tening cattle and sheep. However, there 
is not sufficient definite information on 
this question to warrant separate figures 


necessary to balance the ration, it may . tlie net ~ en ergy value of such hay for 
have a considerably lower net-energy ^ a * r y cows, 
value than here estimated. 

Attention should be called 


Net-energy values of roughages.— 
£ the In the case of dry roughages, these 

tact that these estimated net-energy values are based " 


upon the results se- 
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cured when the roughages are fed in 
mangers or racks so as to prevent undue 
waste. The estimated value for each 
roughage takes into consideration the 
amount of the feed that is usually re- 
fused when it is thus fed. For such 
coarse roughage as dry corn fodder, dry 
corn stover, sorghum fodder, or sorghum 
stover, thc\ estimates are for roughage 
that has been chopped or shredded to 
reduce the wastage. Likewise, the values 
for the various grains are based upon the 
grain being grouftd or crushed when 
such preparation is necessary to prevent 
poor utilization. 

Estimating net-energy values. — It 
has been shown previously that the net- 
energy values have been actually deter- 
mined for only a very few feeds by in- 
vestigations with a respiration apparatus 
or a respiration calorimeter. Also, prob- 
ably because of the complex nature of 
such investigations, there have been 
rather wide differences in the net-energy 
values thus directly determined for these 
few feeds. In arriving at the net-energy 
values given in this table, it has there- 
fore been necessary to utilize all possible 
data bearing on tiie values of the various 
feeds for productive purposes. 

Where the relative values of differ- 
ent feeds have been definitely deter- 
mined by r#eans of a sufficient number 
of suitable feeding experiments, the net- 
energy values have been based primarily 
on these experiments. For other feeds 
the values have been computed from 
the content of total digestible nutrients 
given in Appendix Table I, by the use 
of factors based on the chemical com- 
position of the particular feeding stuff 
and on all available information concern- 
ing its feeding value. 

In making these estimates careful 
consideration has been given to the net- 
energy values, or production values, com- 
puted by Fraps. ( 86 ) Due attention has 
also been given to the estimates made 
many years ago by Kellner and Armsby 
and to the Scandinavian feed-unit values. 
(82-84) 

Feed evaluation constants. — In or- 
der to select economical rations for live- 
stock, it is necessary to determine which 


of the available feeds that are otherwise 
satisfactory provide nutrients at least 
expense. It has been emphasized previ- 
ously that the best guides to the relative 
values of various feeds for any class of 
stock are furnished by the results of ac- 
tual feeding experiments with that par- 
ticular class of stock. (58-59) Extensive 
summaries of such experiments are there- 
fore presented in Part II of this volume, 
which show the results that have been se- 
cured with most of the important feed- 
ing stuffs when fed to the various classes 
of stock. 

The relative values of the same two 
feeds for various classes of farm animals 
may differ to a considerable extent. Be- 
fore deciding upon the feeds to use in a 
ration for any kind of stock, one should 
therefore find what definite information 
is given in Part II concerning the values 
of the different available feeds for the 
particular kind of livestock. 

The relative values of many feeds 
have not yet been determined accurately 
for the various classes of stock. In de- 
ciding which of such feeds are most eco- 
nomical, one must base his judgment on 
the amounts of digestible nutrients they 
furnish and on the general information 
that is available concerning the useful- 
ness of the respective feeds for the par- 
ticular class of stock. 

When protein-rich feeds are more 
expensive than feeds low in protein, a 
method of comparison should be used 
that considers both the amount of digest- 
ible protein in a feed and also the amount 
of total digestible nutrients or net en- 
ergy it supplies. The Petersen method 
of valuing feeds, which has been ex- 
plained in Chapter XII, is a convenient 
method of making such comparisons. 
(336) The fourth and fifth columns of 
figures in the following table therefore 
give the constants, or factors, for evalu- 
ating the most important feeds by this 
method. 

These constants have been com- 
puted with dent corn of Federal Grade 
No. 2 and solvent-process soybean oil 
meal as the base or standard feeds. It 
is the belief of the author that net-energy 
values provide a more accurate basis 
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for feed evaluation than do total digest- 
ible nutrients. These constants have 
therefore been computed from the av- 
erage percentages of digestible protein 
and the estimated net-energy values 
which are given in the second and third 
columns of this same table. 

The method of using these con- 
stants in comparing the economy of 
various feeds has been explained in 
Chapter XII. (338-342) 

Using feed evaluation constants. — 
To illustrate the use of the feed evalua- 
tion constants further, let us assume that 
ground dent corn (Grade No. 2) is worth 
$58.00 per ton and that solvent-process 
soybean oil meal costs $75.00 per ton. 
We wish to find the approximate value 
of brewers’ dried grains for dairy cows 
in comparison with these base feeds, 
considering its content both of digest- 
ible protein and of net energy. 

First, multiply $58.00, the price of 
ground corn per ton, by 0.374, the figure 
given for brewers’ dried grains for dairy 
cows in the fourth column of figures in 
the table, entitled “Constant for corn.” 
This gives us $21.69. We next multiply 
$75.00, the price of soybean oil meal 
per ton, by 0.464, the “Constant for 
soybean oil meal.” This gives us $34.80. 
We then add these amounts together, 
and have $56.49 as the approximate 
value per ton of brewers’ dried grains 
for dairy cows, in comparison with corn 
and soybean oil meal at the prices as- 
sumed, 

When there is a minus sign before 
either the “Constant for com” or the 
“Constant for soybean oil meal” the 



product is to be subtracted, instead of 
being added. For example, in the case 
of fish meal, all analyses, the “Constant 
for com” is — 0.457 and the “Constant 
for soybean oil meal” is 1.349. Multiply- 
ing $58.00, the price of corn per ton, 
by the constant — 0.457, we have as the 
result — $26.51. Multiplying $75.00, the 
price of soybean oil meal per ton, by 
1.349, gives us $101.18. Subtracting 
$26.51 from $101.18, we have $74.67 as 
the approximate value per ton of fish 
meal. | 

Net-energy factors in last column. — 
When protein-rich feeds cost no more 
than protein-poor feeds, ,the factors 
given in the last column of figures should 
be used for determining the relative 
values of feeds, instead of the constants 
in the fourth and fifth columns. These 
factors show the relative amount of net 
energy furnished by each feed, in com- 
parison with dent corn of Federal Grade 
No. 2 taken as 100 per cent. 

To illustrate the manner of using 
these “Net-energy factors” for valuing 
feeds, let us find the value as a source 
of net energy for fattening cattle of kafir 
grain, in comparison with dent corn of 
Federal Grade No. 2 at $58.00 per 
ton. 

The net-energy factor for kafir in 
the last column of the table. is 97.1 per 
cent, which means that kafir supplies ap- 
proximately 97.1 per cent as much net 
energy as does No. 2 dent com. Taking 
97.1 per cent of $58.00, we find that the 
value of kafir as a source of net energy is 
about $56.32, in comparison with No. 2 
com at $58.00 per ton. 
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Table II. Estimated net-energy values and feed evaluation factors 



Dry 

matter 

Digest- 

ible 

protein 

Est. net 
energy 
per 100 
lbs. 

Feed 

Constant 

for 

corn 

evaluation fac 

Constant 
for soybean 
oil meal 

tors 

Net 

energy 

factor 

Dry Roughages 

Per ct. 

Per ct. 

Therms 



Per ct. 

Alfalfa hay, all analyses 

90.5 

10.9 

40.6 

0.296 

0.212 

50.7 

Alfalfa hay, very 'leafy (less than 25 % 







fiber) 

90.5 

12.8 

43.5 

0.286 

0.259 

54.3 

Alfalfa hay, leafy (25-28% fiber) 

90.5 

11.7 

41.5 

0.287 

0.233 

51.8 

Alfalfa hay, good (28-31% fiber) 

90.5 

10.2 

40.1 

0.308 

0.194 

50.1 

Alfalfa hay, fair (31-34% fiber) 

90.5 

9.7 

38.2 

0.294 

0.184 

47.7 

Alfalfa hay, stemmy (over 34% fiber) . . . 

90.5 

8.2 

33.3 

0.263 

0.153 

41.6 

Alfalfa leaf meal, goqd 

92.3 

16.0 

48.2 

0.265 

0.339 

60.2 

Alfalfa meal, dehydr., 20% protein guar. . . 

92.2 

14.7 

47.1 

0.286 

0.305 

58.8 

Alfalfa meal, dehy dr., 17% protein guar. . . 

92.8 

12.3 

45.2 

0.325 

0.241 

56.4 

Alfalfa meal, 15% protein guarantee .... 

91.6 

10.8 

43.6 

0.343 

0.202 

54.4 

Alfalfa stem meal 

91.0 

6.1 

23.1 

0.171 

0.118 

28.8 

Alfalfa and "grass hay 

89.6 

7.7 

38.6 

0,356 

0.127 

48.2 

Atlas sorghum fodder 

75.1 

2.9 

32.4 

0.399 

0.005 

40.4 

Barley hay . 

90.8 

4.0 

39.4 

0.472 

0.020 

49.2 

Barley straw . . 

90.0 

0.7 

22.4 

0,313 

-0.033 

28.0 

Bean straw, field . . . 

89.1 

3.0 

24.0 

0.272 

0.028 

30.0 

Bermuda grass hay, good 

90.5 

3.6 

32.7 

0,384 

0.024 

40.8 

Birdsfoot trefoil hay 

91.2 

9.8 

45.4 

0.398 

0.170 

56.7 

Bluegrass hay, Kentucky 

89.4 

4.8 

37.3 

0.419 

0.048 

46.6 

Bromegrass hay 

88.8 

5.3 

38.0 

0.415 

0.060 

47.4 

Carpet grass hay 

92.1 

3.6 

30.5 

0.351 

0.030 

38.1 

Clover hay, alsike 

88.9 

8.1 

43.9 

0.424 

0.125 

54.8 

Clover hay, crimson 

89.5 

9.8 

39.6 

0.312 

0.184 

49.4 

Clover hay, Ladino 

89.5 

14.2 

48.2 

0.316 

0.288 

60.2 

Clover, Latino, and grass hav 

88,3 

11.3 

45.9 

0.364 

0.211 

57.3 

Clover hay, red, all analyses 

88,3 

7.2 

41.4 

0.412 

0.106 

51.7 

Clover hay, red, leafy (less than 25% fiber) 

88.3 

9.2 

45.0 

0.409 

0.154 

56.2 

Clover hay, red, good.' (25 to 31% fiber) 

88,3 

6.7 

42,3 

0.440 

0.090 

52.8 

Clover hay, red, stemmy (over 31% fiber) 

88.3 

5.8 

35.5 

0.364 

0.080 

44.3 

Clover hay, sweet ( first year ) 

91.8 

11.9 

39.7 

0.254 

0.243 

49.6 

Clover hay, sweet ( sefcond year ) 

90.7 

9.5 

33.1 

0.224 

0.190 

41.3 

Clover and mixSd grass hay, high in clover 

89.6 

5.5 

41.4 

0.460 

0.058 

51.7 

Clover and timothy hay, 30 to 50% clover 

88.1 

4.7 

40.8 

0.473 

0.036 

50.9 

Corn cobs, ground, -fed with efficient sup- 







plements ' 

90.4 

0 

40.1 

0.595 

-0.095 

50.1 

Corn fodder, well eared, very dry 

91.1 

3.8 

39.4 

0.478 

0.014 

49.2 

Corn fodder, medium in water 

82.6 

3.3 

36.1 

0.443 

0.008 

45.1 

Corn fodder, high in water 

60.7 

2.4 

26.6 

0.327 

0.005 

33.2 

Com stover ( ears removed ) , very dry . . . 

90.6 

2.1 

27.5 

0,349 

-0.006 

34.3 

Corn stover, medium in water 

80.3 

2.0 

24.1 

0.301 

0.000 

30.1 

Corn stover, high in water 

59.0 

1.4 

17.9 

0.226 

-0.003 

22.3 

Cottonseed hulls 

90.8 

0 

29,3 

0.435 

-0.069 

36.6 

Cowpea hay 

90.4 

12.3 

39.1 

0.234 

0.255 

48.8 

Grass hay, mixed, eastern states, good qual. 

89.0 

3,5 

39.3 

0.485 

0.006 

49.1 

Grass hay, mixed, second cutting 

89.0 

7.7 

45.0 

0.451 

0.111 

56.2 

Hegari fodder 

86.3 

3.2 

38.3 

0.479 

0.000 

47.8 

Hegari stover 

87.0 

1.9 

25.8 

0.329 

-0.007 

32.2 

Johnson grass hay 

90.2 

2.9 

37.7 

0.478 

0.007 

47.1 

Kafir fodder, including grain, very dry . . . 

90.0 

4.5 

39.1 

0.454 

0.035 

48,8 

Kafir fodder, high in water 

71.7 

3.4 

33.4 

0.400 

0.017 

41.7 

Kafir stover, very dry 

Kafir stover, high in water 

90.0 

1.9 

27.7 

0.358 

-0.012 

34.6 

72.7 

1.3 

22,3 

0.295 

-0.016 

27.8 

Lespedeza hay, annual, in bloom ........ 

89.1 

6.4 

36,5 

0,362 

0.095 

45.6 

Lespedeza hay, sericea 

89.2 

4.1 

34.5 

0,397 

0.035 

43.1 

Marsh or swamp hay, good quality 

90.2 

4.1 

33.6 

0,383 

0.037 

41.9 

Millet hay, foxtail varieties 

87.6 

4.9 

37.5 

0.419 

0.050 

46.8 
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Table II. Estimated net-energy values and feed evaluation factors — continued 



Dry 

matter 

Digest- 

ible 

protein 

Est. net 
energy 
per 100 
lbs. 

|| Feed evaluation factors 

Constant 

for 

corn 

Constant 
for soybean 
oil meal 

Net 

energy 

factor 

Dry Roughages — Continued 

Per ct. 

Per ct. 

Therms 



Per ct. 

Millet hay, pearl, or cat-tail 

87.2 

4.2 

37.4 

0.437 

0.030 

46.7 

Milo fodder, including grain 

88.5 

3.0 

37.3 

0.469 

—0.003 

46.6 

Milo stover 

91.0 

1.1 

25.1 

0.342 

-0.028 

31.3 

Mixed hay, good, less than 30% legumes . 
Mixed hay, good, more than 30% legumes 

88.2 

4.5 

37.3 

0.427 

<*039 

46.6 

90.3 

7.2 

38,6 

0.371 

0.113 

48.2 

Mixed hay, excellent, mostly legumes .... 

91.4 

10.0 

46.2 

0.405 

0.174 

57,7 

Native hay, western mt. states, good quality 

93.3 

5.1 

40.9 

0.464 

0.047 

51.1 

Native hay, western mt. states, mature and 




<r 



weathered 

90.0 

1.6 

22.0 

0.2&1 

-0.007 

27.5 

Oat hay 

88.1 

4.9 

37.8 

0.423 

0.049 

47.2 

Oat hulls 

92.8 

1.5 

19.0 i 

0.240 

-0.002 

23.7 

Oat straw 

89.8 

0.7 

23.3 

0.326 

-0.035 

29.1 

Orchard grass hay, good 

88.7 

4.2 

38.3 

0.450 

GT328 

47.8 

Pasture grasses and clovers, mixed, from 







closely-grazed fertile pasture, dried 





0.287 


(northern states) 

90.0 

15.0 

58.0 

0.439 

72.4 

Pasture grasses, mixed, from poor to fair 







pasture, before heading, dried 

90.0 

9.6 

44.7 

0.394 

0.166 

55.8 

Pea hay, field 

89.3 ! 

10.6 

41.3 

0.315 

0.202 

51.6 

Pea-ana-oat hay 

89.1 : 

8.6 

39.7 

0.347 

0.149 

49.6 

Peanut hay, without nuts, good 

90.6 

5.4 

34.1 

0.354 

0.072 

42.6 

Peanut hulls 

92.3 ; 

1.6 ! 

3.8 

0.011 

0.036 

4.7 

Prairie hay, western, early-cut 

91.1 i 

3.7 

36.6 

0.439 

0.018 

45.7 

Prairie hay, western, cut in midseason .... 

91.3 

2.0 

33.8 

0.445 

-0.024 

42.2 

Prairie hay, western, mature 

91.9 

0.9 

26.2 

0.364 

-0.036 

32.7 

Prairie hay, western, mature and weathered 

91.9 

0.1 

21.3 

0.313 

-0.048 

26.6 

Red top hay 

91.2 

! 3.3 

37.0 

0.456 

0.006 

46.2 

Rice hulls 

92.0 

0.1 

2.0 

0.027 

-0.002 

2.5 

Rice straw 

92.5 

0.6 

20.8 

0.292 

-0.032 

26.0 

Rye straw 

92.8 

0 

9.0 

0.134 

j ,—0.021 

11.2 

Sorghum fodder, sweet, dry 

88.9 

3.3 

35.1 

0.428 

; 0.010 

43.8 

Sorghum fodder, sweet, high in water . . . 

65.7 

2.4 

26.6 

0.327 

0.005 

33.2 

Soybean hay, good, all analyses 

88.1 

9.8 

34.5 

0.236 

0.196 

43.1 

Soybean hay, in bloom or before 

88.0 

| 12.0 

38.6 

0.235 

0.248 

48.2 

Soybean hay, seed well developed 

88.0 

10.8 

36.5 

0.238 

0.219 

45.6 

Soybean hay, poor quality 

89.0 

4.3 

23.2 

0.223 

0.067 

29.0 

Soybean straw 

88.9 

1.1 

18.5 

0.244 

-0.012 

23.1 

Sudan grass hay 

89.4 

4.3 

36.5 

0.421 

0.035 

45.6 

Timothy hay, all analyses 

89.0 

3.0 

37.3 

0.469 

-0.003 

46.6 

Timothy hay, before bloom 

89.0 

6.1 

44.1 

0.483 

0.068 

55.1 

Timothy hay, early bloom 

89.0 

4.2 

39.8 

0.473 

0.025 

49.7 

Timothy hay, full bloom 

89.0 

3.2 

38.8 

0.486 

-0.001 

48.4 

Timothy hay, in bloom, nitrogen fertilized 

89.0 

4.8 

40.6 

0.468 

0.040 

50.7 

Timothy, late bloom to early seed 

89.0 

2.8 

34.5 

0.433 

-0.002 

43.1 

Timothy, late seed 

89.0 

1.9 

27.2 

0.350 

-0.010 

34.0 

Vetch-and-oat hay, over half vetch 

87.6 

8.4 

39.0 

0.343 

0.145 

48.7' 

Wheat hay 

90.4 

3.3 

35.0 

0.427 

0.011 

43.7 

Wheat straw 

92.6 

0.3 

10.0 

0.140 

0.015 

12,5 

Wheatgrass hay, crested, cut early 

90.0 

6.5 

38.1 

0.383 

0.094 

47.6 

Wheatgrass hay, western, cut early 

88.0 

6.0 

36.7 

0.376 

0.083 

45.8 

Wheat grass, western, mature 

88.0 

1.1 

27.1 

0.371 

-0.033 

33.8 

Green Roughages, Roots, Etc. 







Alfalfa, green 

24.4 

3.5 

12.9 

0.093 

0.069 

16.1 

Alfalfa, very young 

18.0 

3.9 

11.6 

0.063 

0.083 

14.5 

Alfalfa, % to full bloom . 

25.3 

3.4 

13.0 

0.098 

0.066 

16,2 

Alfalfa and bromegrass pasture, half alfalfa 

22.5 

3.3 

12.1 

0.087 

0.065 

15.1 
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Table II. Estimated net-energy values and feed evaluation factors — continued 


Digest- Est net 
Dry ible energy 
matter protein per 100 
lbs. 


Green Roughages — Continued 
Alfalfa and timothy; pasture, half alfalfa . . 

Barley fodder 

Barley pasture 

Beet tops, sugar 

Beets (roots), common 

Beets (roots), sugar 

Bermuda grass pasture 

Birdsfoot trefoil pasture 

Bluegrass, Kentucky, pasture 

Bluegrass, Kentucky, headed out 

Bluegrass, Kentucky, in seed 

Bluegrass, 1^., and white clover pasture . 

Bluestem pasture, very young 

Bluestem pasture, active growth 

Bluestem pasture, mature 

Bluestem, mature and weathered 

Bromegrass, smooth, young pasture 

Bromegrass, smooth, heading out 

Bromegrass, smooth, mature 

Cabbage, entire 

Carrots, roots 

Clover, alsike, pasture 

Clover, crimson . . 

Clover, crimson, and rye grass pasture . . . 

Clover, Ladino, pasture 

Clover, Ladino, and grass pasture, much 

Ladino 

Clover, red, pasture 

Clover, red, in bloom 

Clover, sweet, before bloom 

Clover and mixed grass, pasture, well grazed 

Com fodder, dent, all analyses 

Corn fodder, dent, in' milk 

Corn fodder, dent, dough to glazing 

Corn fodder, dent, kernels ripe, well eared 

Corn fodder, flint, all analyses 

Corn stover, green, field com (ears re- 
moved ) 

Cowpeas 

Dallis grass pasture 

Fescue, tall, young pasture 

Fescue, tall, older 

Grama grass, black, growing ........... 

Grama grass, black, mature 

• Grama grass, blue, growing 

Grama grass, blue, nearly mature 

Grama grass, blue, mature and weathered 

Grasses, mixed, pasture 

Grasses, mixed, hay stage 

Grasses, mixed, in seed 

Guinea grass 

Johnson grass pasture 

Kafir fodder 

Lespedeza, annual, pasture, before bloom 

Lespedeza, annual, in bloom 

Lespedeza, annual, seed ripe 

Mangels, roots 


Feed evaluation factors 
Constant Constant Net 

for for soybean energy 
corn oil meal factor 
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Table II. Estimated net-energy values and feed evaluation factors — continued 


Green Roughages — Continued 

Millet, foxtail varieties 

Millet, Japanese, fodder 

Milo fodder 

Napier grass, immature 

Napier grass, more mature 

Oat pasture, before heading 

Oats, headed out 

Orchard grass, young pasture 

Orchard grass, in bloom 

Pasture grasses and legumes, mixed, from 
well-grazed, fertile pasture, northern 

states 

Pasture grasses and legumes, mixed, from 
well-grazed, fertile pasture, southern 

states 

Pasture grasses, with small proportion of 
legumes, fertile pasture, northern states 
Pasture grasses, with small proportion of 
legumes, fertile pasture, southern states 
Pasture grasses, from closely-grazed, poor 

to fair pasture, northern states 

Pasture, temporary winter, southern states 
Pasture grasses and clovers at hay stage . . 
Pasture grasses, western plains, active 

growth 

Pasture grasses, west, plains, late summer 
Pasture grasses, western plains, mature . . 
Pasture grasses, western plains, mature and 

weathered 

Peas, field 

Peas and oats 

Potatoes, tubers 

Rape 

Rape, leaves and leaf stems 

Red top pasture 

Rutabagas, roots ....... . . ..... . . ..... 

Rye pasture 

Sorghum fodder, sweet 

Soybean forage 

Soybeans, before bloom 

Sudan grass pasture 

Sudan grass, headed to in bloom 

Sweet potatoes, roots 

Timothy pasture 

Timothy, in bloom 

Turnips, roots 

Vetch, common 

Wheat fodder 

Wheat pasture 

Wheatgrass, crested, very young 

Wheatgrass, crested, headed out 

Wheatgrass, crested, mature 

Wheatgrass, crested, mature and weathered 


C k 



Silages 

Alfalfa, not wilted, no preservative 


Dry 

mattei 

Digest- 

ible 

■ protein 

■ Est. nel 
energy 
per IOC 
lbs. 

!• Feed evaluation factors 

' Constant Constant Net 

1 for for soybean energy 

com oil meal factor 

Per ct. 

Per ct. 

Therms 



Per ct. 

29.9 

1.8 

15.0 

0.172 

0.015 

18.7 

21.7 

1.0 

10.9 

0.134 

0.003 

13.6 

22.7 

0.7 

11.1 

0.145 

- 0.006 

13.9 

22.0 

0.7 

10.7 

0.139 

-$006 

13.4 

27.1 

0.7 

12.1 

0.160 

- 0.009 

15.1 

14.1 

2.4 

8.0 

0.051 

0.049 

10.0 

26.6 

1.8 

14.4 

0.163 

0.017 

18.0 

23.9 

3.2 

13.8 

0.115 

0.058 

17.2 

30.5 

1.5 

14.6 

0.175 

0.008 

18.2 

22.0 

3.8 

13.1 

0.087 

0.076 

r ■. 

16.4 

25.1 

2.9 

14.4 

0.132 

0.048 

18.0 

22.0 

2.8 

12.7 

0.110 

0.049 

15.9 

25.0 

2.4 

13.5 

0.133 

0.036 

16.9 

30.2 

3.2 

15.0 

0.133 

0,055 

18.7 

17.0 

3.8 

10.7 

0.052 

0.082 

13.4 

33.0 

2.5 

16.6 

0.176 

0.031 

20.7 

35.0 

2,3 

17.6 

0.197 

0.023 

22.0 

50.0 

1.4 

17.3 

0.217 

- 0.001 

21.6 

65.0 

1.1 

18.3 

0.241 

! - 0.012 

22.8 

90.8 

0.5 

22.5 

0.320 

- 0.039 ! 

i 28.1 

17.3 

2.9 

11.0 

0.082 

* 0.056 | 

13.7 

22.7 

2.4 

12.5 

0.118 

Q .038 | 

15.6 

21.2 

1.3 

17.4 

0.222 

- 0.004 ! 

21.7 

16.3 

2.4 

11.5 

! 0.103 

0.041 | 

14.4 

15.4 

3.5 

11.8 

0.077 

0.071 

14.7 

26.0 

3.6 

15.1 

0.123 

0.066 

18.9 

11.1 

1.0 

9.5 

0.113 

0.006 

11.9 

19.5 

4.0 

11.1 

0.052 

0.087 

13.9 

24.9 

0.8 

15.4 

0.206 

- 0.014 

19.2 

24.0 

3.2 

12.9 

0.102 

0.060 

16.1 

20.0 

2.4 

10.9 

0.942 

0.042 

13*6 

21.6 

2.4 

12.2 

0.114 

0.039 

154 

23.4 

1.4 

12.3 

0.143 

0.010 

15.4 

31.8 

0.2 

25.6 

0.374 

- 0.055 

32.0 

23.9 

3.5 

14.4 

0.115 

0.065 

18.0 

31.5 

1.5 

16.1 

0.197 

0.006 

20.1 ^ 

9.3 

0.9 

7.8 

0.090 

0.007 

9.7 

20.4 

2.9 

10.5 

0.074 

0.057 

13.1 

31.9 

1.5 

11.6 

0.130 

0.015 

14.5 

19.8 

3.6 

11.0 

0.062 

0.076 

13.7 

25.1 

5.6 

17.0 

0.095 

0.118 

21.2 

36.9 

1.6 

16.9 

0.206 

0,005 

21.1 

60.0 

1.7 

19.3 

0.239 

0.003 

24.1 

80.0 

1.2 

23.5 

0.315 

- 0.022 

29.3 

24.7 

2.6 

11.1 

0.091 

0.047 

13.9 

26.2 

4.3 

17.6 

0.140 

0.080 

22.0 
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Table II. Estimated net-energy values and feed evaluation factors — continued 

Digest- Est.net Feed evaluation factors 
Dry ible energy Constant Constant Net 

matter protein per 100 for for soybean energy 
lbs. com oil meal factor 

Silages — Continued Perct. Perct. Therms Perct. 

Alfalfa-molasses, not wilted 26.8 2.7 12.6 0.111 0.047 15.7 

Alfalfa, not wilted, -grain added 25.5 2.6 12.9 0.118 0.043 16.1 

Alfalfa-phosphoric acid 26.8 3.2 11.8 0.085 0.063 14.7 

Alfalfa-bronfc, not wilted 25.0 2.6 14.5 0.142 0.039 18.1 

Alfalfa-grass, over half alfalfa, wilted .... 36,2 4.1 17.4 0.143 0.075 21.7 

Alfalfa-timothy-molasses 27.5 2.7 13.0 0.117 0.046 16.2 

Atlas sorghum . . 29.7 1.4 14.8 0.180 0.005 18.5 

Atlas sorghum, for dairy cows or other cat- 
tle not followed hy pigs 29.7 1.4 13.9 0.167 0.007 17.4 

Beet pulp, ensiled 12.0 1.0 9.0 0.105 0.007 11.2 

Clover, Ladino, and grass 29.9 3.9 18.2 0.161 0.067 22.7 

Clover, red, not wilted 29.5 2.4 14.7 0.151 0.033 18.4 

Clover, red,*%nd grass, wilted 35.1 2.5 18.9 0.210 0.026 23.6 

Com, dent, well-matured, well-eared .... 28.5 1.3 20.3 0.265 *—0.011 25.3 

Com, dent, well-matured, well-eared, for 
dairy cows or other cattle not foliotoed 

by pigs 28.5 1.3 15.2 0.189 0.001 19.0 

Corn, dent, well-matured, fair in ears .... 26.3 1.1 16.3 0.211 —0.007 20.3 

Com, dent, well-matured, fair in ears, for 
dairy cows or other cattle not followed 

by pigs 26.3 1.1 13.8 0.168 -0.001 17.2 

Com, dent, well-matured, few ears 26.3 1.1 13.8 0.174 —0.001 17.2 

Com, dent, immature, before dough stage 20.3 0.9 11.0 0.138 —0.001 13.7 

Corn stover silage, dent (ears removed) .. 23.7 0.6 9.1 0.118 —0.005 11.4 

Corn ears, snapped, immature 44.8 2.2 31.4 0.404 —0.012 39.2 

Com and sorghum 26.0 1.0 14.8 0.192 —0.007 18.5 

Com and soybeans, mostly com 26.1 1.4 16.2 0.201 0.001 20.2 

Corn and soybeans, mostly corn, for dairy 

cows or other cattle not followed by pigs 26.1 1.4 13.6 0.163 0.007 17.0 

Feterita 30.0 1.4 13.7 0.164 0.007 17.1 

Grass silage, considerable legumes 25.6 2.0 13.2 0.140 0.025 16.5 

Grass silage, considerable legumes, wilted 33.3 2.9 16.2 0.159 0.044 20.2 

Grass silage, considerable legumes, wilted, 

grain added.. 33.8 3.2 17.9 0.176 0.048 22.3 

Grass silage, some legumes, molasses added 25.8 1.9 13.0 0.139 0.023 16.2 

Grass silage, small '-proportion legumes . . . 27.6 1.9 13.3 0.144 0.022 16.6 

Grass silage, small pro. legumes, wilted . . 37.3 2.3 17.9 0.201 0.023 22.3 

Hegari 33.4 1.6 15.9 0.191 0.008 19.8 

Kafr 29.7 1.1 14.4 0.183 -0.003 18.0 

Kafir for dairy cows or other cattle not fol- 
lowed by pigs 29.7 1.1 13.5 0.169 -0.001 16.9 

Lespedeza, annual 30.2 1.8 11.3 0.117 0.024 14.3. 

Pea and oat 28.4 2.0 14.9 0.165 0.021 18.6 

Pea-vine, from canneries 24.5 1.9 11.2 0.113 0.027 14.0 

Sorghum, sweet 25.4 0.8 12.2 0.159 -0.006 15.2 

Soybean, not wilted 24.8 2.9 11.7 0.092 0.054 14.6 

Soybean, wilted 33.7 3.7 14.8 0.115 0.070 18.5 

Sunflower 22.6 1.0 9.2 0.109 0.007 11.5 

Timothy, no preservative 30.9 1.8 15.6 0.181 0.014 19.5 

Timothy, molasses added 30.0 1.6 14.5 0.170 0.011 18.1 

Timothy, wilted 40.8 2.2 20.0 0.235 0.015 25.0 

Vetch and oats 26.4 1.5 13.1 0.152 0.011 16-4 

Concentrates 


Barley, common, not including Pacific 
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Table II. Estimated net-energy values and feed evaluation factors — continued 


t I 


Digest- Est. net 
Dry ible energy 
matter protein per 100 
lbs. 


Feed evalua tion factors 
Constant Constant II Net 
for for soybean energy 


Concentrates — Continued 
Barley, common, for dairy cows ........ 

Barley, Pacific Coast states 

Barley, light weight 

Beet pulp, dried, fed as not over one-half 

of concentrates 

Beet pulp, dried, for dairy cows 

Beet pulp, molasses, dried, fed as not over 

one-half of concentrates 

Beet pulp, molasses, dried, for dairy cotvs 

Blood meal 

Brewers’ grains, dried, 25% prot., or more 

Brewers’ grains, dried for dairy cows 

Brewers’ grains, wet 

Brewers’ grains, wet, for dairy cows .... 

Buckwheat, ordinary varieties 

Buckwheat, for dairy cows 

Buttermilk 

Buttermilk, dried 

Citrus pulp, dried 

Citrus pulp, dried, for dairy cows 

Coconut oil meal, hydr. or exp. process . . 

Coconut oil meal, for dairy cows 

Com, dent, Grade No. 1 

Com, dent, Grade No. 2 

Com, dent, Grade No. 3 

Corn, dent, Grade No. 4 .............. 

Com, dent, soft, or immature 

Corn ears, including kernels and cobs 

( corn-and-cob meal) 

Com, snapped, or ear-corn chops with 

husks 

Corn feed meal 

Com gluten feed 

Com gluten feed for dairy cows [ 

Corn gluten meal 

Com oil meal, exp. or hydr. ............ 

Corn-and-oat feed, good grade . .. . . . . . . 

Cottonseed, whole 

Cottonseed, whole pressed, 28% protein 

guarantee 

Cottonseed feed, below 36% protein .... 
Cottonseed meal, 43% protein grade, not 

including Texas analyses 

Cottonseed meal, 43% protein grade, Texas 

analyses 

Cottonseed meal, 43% protein grade, sol- 
vent process 

Cottonseed meal, 41% protein grade, not 

including Texas analyses 

Cottonseed meal, 41% protein grade, Texas 

analyses 

Cottonseed meal, 41% protein grade, sol- 
vent process 

Cowpea seed 

Darso grain !..... . 

Distillers dried com grains, without solubles 
Distillers dried corn grains, with solubles . 


0,987 

0.963 

-0.823 

0.278 

0.374 

0.097 

0.121 

0.694 

0.782 

0.062 

0.499 

0.958 

1.037 

0.540 

0.638 

1.022 

1.000 

0.984 

0.917 

0.721 


-0.009 

-0.013 

1.522 

0.480 

0.464 

(D84 

0.081 

0.066 

0.052 

0.069 

0.601 

-0.089 

- 0.101 

0.342 

0.327 

0.001 

0.000 

- 0.002 

0.006 

0.014 


86.1 

5.4 

72.1 

0.918 

-0.018 

89.3 

4.4 

65.8 

0.853 

—0.03 1 

87.8 

7.0 

81.9 

1.019* 

0.004 

90.3 

21.3 

68.9 

0.424 

0.440 

90.3 

21.3 

71.1 

0.456 

0.434 

91.6 

36.7 

80.2 

0.158 

0.848 

91.6 

16.1 

73.1 

0.632 

0.283 

89.4 

8.4 

74.9 

0,875 

‘ 0.060 

92.7 

17.1 

76.6 

0.656 

0.303 

92.4 

20.2 

56.1 

0.264 

0.439 

92.4 

27.0 

62.8 

0.173 

0.615 

92.8 

35.9 

76.8 

0.130 

0.834 

92.6 

33.7 

76.5 

0.188 

0.773 

91.0 

33.3 

69.0 

0.088 

0.779 

92.9 

33.3 

71.7 

0.128 

0.773 

92.2 

32.2 

69.1 

0.120 

0.748 

91.5 

32.5 

63.3 

0.025 

0.770 

89.0 

19.2 

75.9 

0.586 

0.364 

90.0 

7.4 

73.7 

0.886 

0.035 

94.4 

19.1 

84.0 

0.709 

0.342 

92.9 

19.4 

84.0 

0.701 

0.350 
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Table II. Estimated net-energy values and feed evaluation factors — continued 


Concentrates— Continued 

Distillers dried rye grains 

Distillers dried sorghum grains 

Distillers dr^pdr com solubles' 

Emmer grain 

Emmer grain for dairy cows 

Feterita grain . . 

Fish meal, all analyses . 

Flax seed 

Hegari grain 

Hegari head chops . 

Hominy feed, 5% fat or more 

Kafir grain . . I 

Kafir head chops 

Kaoliang grain 

Linseed meal, exp. or hydr. proc., all anal. 
Linseed meal, exp. or hydr., 36% protein 

guarantee 

Linseed meal, solvent, 36% protein guar. 
Linseed meal, exp. or hydr., 34% protein 

guarantee 

Linseed meal, exp. or hydr., 32% protein 

guarantee 

Linseed meal and screenings oil feed (lin- 
seed feed ) 

Liver meal, animal 

Malt sprouts 

Meat scrap, or dry-rendered tankage, 55% 

protein grade 

Meat and bone scrap,.- or dry-rendered tank- 
age with bone, 50% protein grade .... 
Meat and bone scrap, or dry-rendered tank- 
age with bone, 50% protein grade, 

solvent-extracted . 

Milk, cows : : 

Millet seed, hog, or proso 

Milo grain ...... * 

Milo head chops 

Molasses, beet (net-energy values probably 
about the same as for cane molasses ) . . 
Molasses, cane, or blackstrap, for fattening 
cattle or sheep , when replacing part of 

the grain 

Molasses, cane, for fattening cattle , when 

added to excellent ration 

Molasses, cane, for dairy cows, as not over 

10% of concentrate mixture 

Oat meal, feeding, or rolled oats ........ 

Oat mill by-product (oat mill feed) .... 

Oats, not inch Pacific Coast states, fed as 
not over 25% of concentrates, with heavy 

concentrates 

Oats, not inch Pacific Coast states, fed as 

chief grain for meat production 

Oats, not inch Pacific Coast states, fed as 

chief grain to dairy cows 

Oats, Pacific Coast states, fed as not over 
25% of concentrates , with heavy concen. 


Digest- 

ible 

protein 

Est. net 
energy 
per 100 
lbs. 

Feed 

Constant 

for 

corn 

evaluation factors 
Constant j Net 
for soybean energy 
oil meal factor 

Per ct. 

14.6 

Therms 

58.5 

0.458 

0.275 

Per ct. 

73.0 

20.4 

79.7 

0.609 

0.389 

99.5 

22.5 

80.0 

0.555 

0.447 

99.9 

9.7 

67.7 

0.732 

0.114 

84.5 

9.7 

72.1 

0.797 

0.104 

90.0 

9.5 

77.8 

0.888 

0.085 

97.1 

53.6 

70.8 

- 0.457 

1.349 

88.4 

21.8 

108.3 

0.994 

0.361 

135.2 

7.5 

77.8 

0.944 

0.028 

97.1 

7.0 

67.2 

0.800 

0.039 

83.9 

7.5 

84.5 

1.043 

0.012 

105.5 

8.9 

77.8 

0.904 

0.068 

97.1 

6.3 

65.8 

0.800 

0.023 

82.1 

8.2 

77.8 

0.924 

0.048 

97.1 

30.6 

77.0 

0.282 

0.684 

96.1 

31.5 

77.1 

0.258 

0.709 

96.3 

30.7 

71.7 

0.201 

0.699 

89.5 

30.5 

76.8 

0.282 

0.681 

95.9 

30.0 

76.8 

0.296 

0.667 

95.9 

23.8 

63.0 

0.266 

0.525 

78.6 

54.3 

90.8 

- 0.180 

1.322 

113.4 

20.3 

63.8 

0.376 

0.423 

79.6 

45.0 

66.7 

- 0.276 

1.115 

83.3 

40.8 

65.3 

- 0.178 

i.ooo 

81.5 

40.9 

50.5 

- 0.401 

1.038 

63.0 

3.3 

19.6 

0.198 

0.047 

24.5 

8.4 

72.1 

0.834 

0.067 

90.0 

8.5 

77.8 

0.916 

0.056 

97.1 

7.0 

70.8 

0.854 

0.031 

88.4 

4.4 




** • 

0 

56.1 

0.833 

- 0.133 

70.0 

0 

43.3 

0.643 

- 0.102 

54.1 

0 

71.3 

1.058 

- 0.169 

89.0 

14.5 

91.4 

0.949 

0.194 

114,1 

2.7 

24.0 

0.280 

0.020 

30.0 

9.4 

80.1 

0.924 

0.076 

| 100.0 

9.4 

65.7 

0.711 

0.111 

' 82.0 

9.4 

72.1 

0.806 

0.095 

90.0 

7.0 

80.1 

0.992 

0.009 

i 100.0 
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Table II. Estimated net-energy values and feed evaluation factors — continued 

I I Dhrest- I Est. net 1 Feed evaluation factors 


Concentrates — Continued 
)ats, Pacific Coast states, fed as chi 
for meat production 


to dairy cows 

Oats, light weight 

Palm-kernel oil meal 

Palm-kernel oil meal, for dairy cows 

Pea feed, or pea meal 

Pea seed, field 


Peanut oil meal, 45% protein grade, exp. or 
hydr., well hulled 


grade, exp. or hydr. 
eanut oil meal and 
grade, solvent 


grade, exp. or hydr. 


grade, solvent 

Peanuts, with hulls 

Pineapple bran, or pulp, dried 
Pineapple bran, for dairy cows 
Potato meal, or dried potatoes 

Potato pulp, dried 

Rice bran 


Rice bran for dairy cows 

Rice bran, solvent extracted 

Rice grain, or rough rice 

Rice grain for dairy cows or work stock . . 
Rice polishings, or rice polish, for fattening 

cattle 

Rice polishings for dairy coivs 

Rice polishings for swine 

Rye grain 

Rye feed 

Safflower seed oil meal, from well hulled 
seed 

Safflower seed oil meal, from partly hulled 

seed . 

Screenings, grain, good grade 

Screenings, grain, higher in fiber 

Sesame oil meal 

Skimmilk, centrifugal 

Skimmilk, dried 

Sorghum grain, combine types 

Sorghum gluten feed 

Sorghum gluten meal 

Soybean seed 

Soybean mill feed, chiefly hulls ! * . 

Soybean oil meal, solvent, 44% protein 

guarantee 

Soybean oil meal, exp. or hydr., 43% pro- 
tein guarantee 

Soybean oil meal, exp. or hydr., 41% pro- 
tein guarantee 


Dry 

matte] 

Digest- 

ible 

protein 

Est. net 
energy 
per 100 
lbs. 

Per ct. 

n 

Per ct. 

Therms 

. 91.2 

n 

7.0 

65.7 

. 91.2 

7.0 

72.1 

91.2 

8.3 

59.6 

91.4 

15.4 

69.6 

91.4 

15.4 

72.7 

90.0 

14.5 

70.5 

90.7 

20.1 

73.8 

t 93.0 

47.6 

78.8 

94.0 

42.4 

86.2 

93.4 

40.3 

76.0 

93.0 

41.9 

68.5 

92.3 

36.6 

73.3 

91.8 

28.0 

66.2 

94.1 

20.2 

103.5 

88.6 

0.8 

54.2 

88. 6 

0.8 

61.0 

91.4 

3.5 

70.4 

87.7 

5.6 

70.6 

90.8 

8.4 

56.7 

90.8 

8.4 

64.1 

90.9 

9.7 

52.5 

88.8 

6.0 

65.7 

88.8 

6.0 

70.2 

89.8 

9.7 

70.4 

89.8 

9.7 

80.1 

89.8 

9.7 

89.7 

89.5 

10.0 

70.5 

90.4 

12.2 

61.3 

90.5 

37.4 

69.4 - 

94.0 

30.3 

61.8 

90.0 

9.2 

53.4 

90.4 

8.5 

45.2 

93.7 

39.4 

71.3 - 

9.5 

3.4 

10,4 

93.9 

29.8 

87.8. 

89.6 

8.4 

77.8 

90.7 

21.4 

75.6 

90.0 

35.3 

83.2 

90.0 

33.7 

87.6 

90.7 

7.9 

20.4 

90.3 

42.0 

79 6 

91.4 

36.9 

80.2 ‘T. 

90.9 

37.0 | 

79.3 | 


Constant 

for 


Constant Net 
for soybean energy 


. 0,996 107.6 

' 0.901 94.9 

1.023 85.5 


0.636 

0.327 

— 0.106 

- 0.122 

-0.068 

-0.009 

0.103 

0.086 

0.150 

0.014 

0.004 
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Table II. Estimated net-energy values and feed evaluation factors — continued 
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Dry 

matter 

Digest- 

ible 

protein 

Est. net 
energy 
per 100 
lbs. 

|| Feed evaluation factors 

Constant 

for 

com 

Constant 
for soybean 
oil meal 

Net 

energy 

factor 

Concentrates — Continued 

Per ct. 

Per ct. 

Therms 



Per ct. 

Soybean oil meal, dehulled, solvent, 50% 







protein guarantee ? 

91.7 

46.4 

80.1 

-0.116 

1.123 

100.0 

Sunfiower-seeGvfWi- meal, from well hulled 







seed . . . 

94.3 

45.0 

67.3 

-0.267 

1.114 

84.0 

Sweet potato meal, or dried sweet potatoes, 







as substitute for part of the grain 

Tankage, , or meat meal, digester process, 
60% protein grade 

90.2 

0.7 

76.1 

0.110 

-0.160 

95.0 

92.8 

50.5 

65.8 

-0.444 1 

1.273 

82.1 

Tankage, or meat meal, 55% protein grade 

94.5 

48.1 

65.8 

-0.376 

1.205 

82.1 

Tankage with bone, or meat and bone 







meal, 50% protein grade 

93.8 

42.8 

62.3 

-0.279 

1.064 

77.8 

Wheat, average of all types 

89.5 

11.1 

80.0 

0.875 

0.125 

99.9 

Wheat, for fattening lambs 

89.5 

11.1 

72.0 

0.757 

0.144 

89.9 

Wheat bran, all analyses 

90.1 

13.3 

56.9 

0.470 

0.242 

71.0 

Wheat bran, for dairy cows 

90.1 

13.3 

66.9 

0.619 

0.218 

83.5 

Wheat bran and screenings 

89.2 

13.0 

55.8 

1.809 

1.582 

69.7 

Wheat bran and screenings, for dairy coivs 

89.2 

13.0 

65.6 

1.955 

1.559 

81.9 

Wheat brown shorts 

88.5 

13.9 

66.8 

0.601 

0.235 

83.4 

Wheat flour middlings 

90.1 

15.4 

75.2 

0.683 

0.258 

93.9 

Wheat germ meal 

89.9 

24.5 

83.1 

0.544 

0.497 

103.7 

Wheat gray shorts 

89.1 

13.8 

73.3 

0.700 

0.217 

91.5 

Wheat mixed feed 

90.7 

13.1 

60.3 

0.527 

0.228 

75.3 

Wheat mixed feed, for . dairy cows 

90.7 

13.1 

70.6 

0.679 

0.204 

88.1 

Wheat red dog 

Wheat screenings, good grade 

89.6 

15.8 

85.5 

0.825 

0.245 

106.7 

90.4 

10.0 

58.4 

0.585 

0.145 

72.9 

Wheat standard middlings 

90.1 

14.3 

69.5 

0.629 

0.240 

86.8 

Wheat standard middlings, for dairy cows 

90.1 

14.3 

77.2 

0.743 

0.222 

96.4 

Wheat standard middlings and screenings 

90.3 

14.1 

69.5 

0.635 

0.235 

86.8 

Wheat white shorts 

89.4 

14.5 

85.9 

0.867 

0.207 

107.2 

Whey, from cheddar cheese 

6.9 

0.8 

6.5 

0.074 

0.007 

8.1 

Whey, dried 

93.0 

11.5 

78.3 

0.839 

0.140 

97.7 

Whey product, dried 

90.7 

13.8 

71.7 

0.676 

0.221 

89.5 

Yeast, brewers*, dried 

94.0 

38.6 

65.5 

-0.113 

0.937 

81.8 

Yeast, molasses distillers, dried 

91.0 

33.4 

53.8 

-0.141 

0.818 

67.2 

Yeast, torula, dried 

92.3 

39.9 

59.3 

-0.242 

0.989 

74.0 
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Table III. Morrison Feeding Standards for Farm Animals 


The author first presented in 1915 
a set of feeding standards for the vari- 
ous classes of livestock. These standards 
were revised in 1922 and in 1936. In 
1948 the standards were again revised, 
and calcium, phosphorus, and carotene 
allowances were added to the recom- 
mendations. Certain changes have again 
been made in the standards presented 
in this edition of Feeds and Feeding , 
on the basis of recent data concerning 
the nutrient requirements of certain 
classes of livestock. 

These standards have been prepared 
by the author to serve as guides in the 
computation of balanced rations for the 
practical feeding of the various classes of 
livestock. It should be distinctly under- 
stood that they are not statements of the 
theoretical minimum nutrient require- 
ments of animals under the most opti- 
mum conditions. 

It has been emphasized in the vari- 
ous chapters of this volume that feeding 
stuffs of the same name may differ ap- 
preciably from the average composition. 
Individual animals of the same kind also 
differ to some extent in ability to digest 
and utilize feed. To serve as safe guides 
in stock feeding, the recommendations 
made in feeding standards should there- 
fore not be statements of the theoretical 
nutrient requirements, but should pro- 
vide a margin of safety to cover such dif- 
ferences. 

It is believed that the recommenda- 
tions in the Morrison standards provide 
reasonable margins of safety. 

It should be pointed out that in 
certain tables of nutrient requirements 
of livestock, the amounts of nutrients 
stated are the estimated minimum re- 
quirements. In using such tables in mak- 
ing up practical rations, these minimum 
amounts must be materially increased to 
provide margins of safety. (1498) 

Minimum and more liberal recom- 
mendations. — It will be noted that both 
minimum and more liberal recommenda- 
tions are given for dry matter, digestible 
protein, and total digestible nutrients 
(or net energy). When protein-rich feeds 
are not unduly expensive in comparison 


with feeds low in protein, it is wise to 
supply enough digestible protein to bring 
the protein of the rations well up toward 
the higher figures in the standards. On 
the other hand, when protein-rich feeds 
are unusually expensive in comparison 
with farm grains or other J^eds low in 
protein, it may be more economical to 
provide only enough digestible protein 
to meet the lower recommendations. 
(343) 

Unless concentrates are very high 
in price in comparison with roughages, 
it is generally advisable to include a 
sufficient amount of concentrates in ra- 
tions to provide as much total digestible 
nutrients (or net energy) as recom- 
mended in the higher figures of the 
standards. On the other hand, when 
grain and other concentrates are unusu- 
ally high in price in comparison with 
roughage, it may be most economical 
to supply no more total digestible nu- 
trients (or net energy) than is recom- 
mended in the lower figures. (344) 

In general, when as much total di- 
gestible nutrients are furnished as recom- 
mended in the higher figures, there 
should be sufficient protein in the ration 
to approach the higher figures for di- 
gestible protein given in the standards. 

As the information concerning the 
requirements of farm animals for cal- 
cium, phosphorus, and carotene is still 
very limited, no range is given in the 
allowances of these nutrients. The allow- 
ances stated show merely the approxi- 
mate requirements for each class of live- 
stock. 

Net-energy recommendations.— For 
the convenience of those desiring to com- 
pute rations according to the net-energy 
method, the last column of figures in the 
standards shows the amounts of net en-, 
ergy, expressed in therms, which are 
advised for various classes of stock. In 
computing rations by the net-energy 
method, the net-energy values of feed- 
ing stuffs given in Appendix Table II 
should be used, instead of the total di- 
gestible nutrient values given in Ap- 
pendix Table I. 

For the reason stated in Chapter III, 
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total digestible nutrient values, instead 
of net-energy values, should always be 
used in computing maintenance rations 
for wintering farm animals in sections 
where the climate is cold. (75) For this 
reason the net-energy recommendations 
for wintering various classes of stock are 
given in parentheses. 

CompSfCSsig economical balanced ra- 
tions. — Before attempting to work out 
economical balanced rations for any class 
of stock, it is important to study care- 
fully the explanations and general hints 
given in Chapters XI and XII. It is im- 
possible to compute satisfactory bal- 
anced rations if reliance is placed only 
on the n^thematical recommendations 
of any feeding standard. It is empha- 
sized in these chapters that other factors 
are just as important in determining the 
efficiency of a ration as are the amounts 
of digestible protein and of total digest- 
ible nutrients (or net energy). Attention 
must also be given to the general suit- 
ability of the feeds to the particular class 
of stock, to the 'content of minerals and 
vitamins in the ration, and in the case of 
swine and poultry to the quality of pro- 
tein. 

The special .rules and hints on feed- 
ing the partieufar class of stock, which 
are given in the respective chapters of 
Part III, should be carefully consulted 
before proceeding to work out a bal- 
anced ration. For convenience the follow- 
ing references to important articles dis- 
cussing balanced rations for the various 
farm animals are here given: 

Dairy cows, 1008-1048, 1069-1080 

Dairy calves, 1110-1122 

Dairy heifers, 1145-1150 

Beef breeding cows, 1159-1160, 
1210-1215 

Growing beef cattle, 1159-1177, 
1219-1223 

Fattening cattle, 1159-1187, 1226- 
1237, 1252 

Breeding ewes, 1264-1266, 1268, 
1274-1281, 1304-1308, 1312 

Fattening lambs, 1264-1265, 1267- 
1285, 1331-1336 

Work horses and mules, 1345-1352, 
1359-1364 

Brood mares, 1365 


Growing colts, 1371-1373 
Brood sows, 1381-1390, 1397-1417, 
1455-1466, 1478-1480 
Growing and fattening pigs, 1381- 
1425, 1449-1453, 1481-1487 
Guides to proportions and amounts 
of concentrates and roughages. — In com- 
puting rations one should have in mind 
the approximate amounts of roughages 
and of concentrates required by the vari- 
ous classes of animals. It has been shown 
in the experiments summarized in Part 
III that for dairy cows and for fattening 
cattle or lambs the proportion of con- 
centrates to roughages that will be most 
profitable depends chiefly on two fac- 
tors. The first is the relative cost of con- 
centrates and roughages, and the second 
is the quality of the roughage which is 
available. 

In general, the following will indi- 
cate the approximate amounts of concen- 
trates and roughages required by the 
various classes of livestock. Additional 
suggestions are given in the Example Ra- 
tions in Appendix Table VII. 

Dairy cows in milk will eat about 
2 lbs. of good-quality dry roughage daily 
per 100 lbs. live weight. Silage may be 
substituted for dry roughage at the rate 
of 3 lbs. of silage for 1 lb. of dry rough- 
age. A common rule is to feed 1 lb. of 
hay and 3 lbs. of silage daily per 100 
lbs. live weight. Sufficient concentrates 
should be fed in addition to bring the 
nutrients up to the standard. (See the 
“Grain feeding table for cows not on 
) pasture ” Appendix Table Villa.) 

If the roughage is of especially good 
quality, dairy cows will eat as much as 
2.5 lbs. of hay equivalent daily per 100 
lbs. live weight, and they then need cor- 
respondingly less concentrates. On the 
other hand, if the roughage is of poor 
quality, they may eat no more than 1.5 
lbs. of hay equivalent daily per 100 lbs. 
live weight. Their concentrate allowance 
must then be increased over the amount 
needed with good rough^g^ 

The amounts of concentrates re- 
quired daily by cows producing differ- 
ent Amounts or milk of the various fat 
percentages are shown in the grain feed- 
ing tables given in Appendix Table VIII. 


1084 


FEEDS AND FEEDING 


A 


.{H 

i'ld. 

I;,f 

i 


y' 



i 

:i. 

;j 

f : 1 


Dairy calves need a liberal amount 
of concentrates in addition to plenty of 
well-cured hay, until they are at least 6 
months of age. 

Dairy heifers from 6 months to a 
year of age should be fed 2 to 3 lbs. of 
concentrates per head daily in addition 
to an abundance of good roughage. If 
the roughage is of only fair quality, 4 
to 5 lbs. of concentrates per head daily 
may be needed to produce normal 
growth. Heifers over a year of age can 
be wintered, up to 3 or 4 months before 
calving, on good roughage alone. With 
roughage which is only fair in quality, 
2 to 4 lbs. of concentrates should be fed 
per head daily in addition. 

Beef breeding cows may be win- 
tered satisfactorily on roughage of rea- 
sonably good quality, without any con- 
centrates. If the roughage is low in 
protein, I lb. per head daily of protein 
supplement should be fed, and with 
poor roughage a small amount of grain 
may be needed in addition. 

Beef calves and yearlings will make 
fair gains when wintered on roughage 
alone, if it is of good quality. If the cattle 
are to be fattened early the next summer, 
it is usually best to feed in addition a 
sufficient amount of grain or other con- 
centrates during winter to keep them im- 
proving in condition, or degree of fatness. 
A small amount of protein supple- 
ment should be fed when needed to bal- 
ance the ration. 

Fattening cattle should receive 2.1 
lbs. or more of concentrates and dry 
roughage (or equivalent in silage) daily 
per 100 lbs. live weight, the allowance 
of concentrates ranging from less than 
1 lb. to 1.7 lbs. or more daily per 100 
lbs. live weight, depending on the rate 
of gain desired and the character of the 
roughage. 

Breeding ewes may be wintered 
satisfactorily on good roughage alone up 
to 4 to 6 weeks before lambing, if they 
are in good condition in the fall. During 
the 4 to 6 weeks before lambing, 0.5 to 
0.75 lb. of a suitable concentrate mixture 
should be fed per head daily. Ewes, not 
on pasture, that are nursing lambs need 


1.0 lb. or more per head daily of con- 
centrates in addition to good roughage. 

Fattening lambs averaging 70 to 
75 lbs. in weight will consume about 
1.4 lbs. per head daily of hay or other 
dry roughage, when fed all the grain 
they will eat. They will eat 2.3 lbs. or 
more of hay per head' dailv^jyhen the 
grain allowance is resumed. The 
amounts of feed eaten by smaller or 
larger lambs will be roughly proportional 
to their live weights. 

Work horses and mules should be 
fed approximately the following amounts 
daily of concentrates (including grain 
and other concentrates) and of hay, per 
100 lbs. live weight: r 

At hard work, 1.00 to 1.40 lbs. of 
concentrates and about LOO lb. 
of hay. 

At medium work, 0.75 to 1.00 lb. 
of concentrates and about 1.00 to 
1.25 lbs. of hay. 

At light work, 0.40 to 0.75 lb. of 
concentrates and 1.25 to 1.50 
lbs. of hay. .. 

Idle., chiefly or entirely on roughage, 
unless it is of' poor quality, when 
some grain must be used. 

Swine can make but very limited 
use of dry roughage, except in the case 
of brood sows not nursing litters. How- 
ever, it is very important under most 
conditions that swine,- not on pasture be 
supplied with well-cured legume hay as 
insurance against any lack of vitamins. 
The proportion of legume hay that should 
be included in rations for growing and 
fattening pigs not on pasture will range 
from 5 per cent to 10 or 15 per cent, 
depending on the need of vitamin sup- 
plements in the ration. (1417) Dry-lot 
rations for pregnant sows should have at 
least 10 to 15 per cent of legume hay. 

Poultry. — Good-quality alfalfa meal 
or alfalfa leaf meal, or that from other 
legumes, is commonly included in poul- 
try rations to supply carotene and to aid 
in furnishing other vitamins. Otherwise, 
dry roughage is not generally used in 
poultry rations. 

Sources of recommendations in the 
standards. — These standards are based 
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chiefly upon extensive studies, made by 
and under the supervision of the author, 
of the results of feeding experiments and 
other investigations that supply informa- 
tion concerning the nutrient requirements 
of the various classes of stock. Informa- 
tion is given in the respective chapters 
of Part ffl concerning the basis for the 
recommenSSiit)ns made in the standards 
for the various classes of stock. 

The reports on " Recommended Nu- 
trient Allowances for Domestic Animals” 
made by special cbmmittees of the Na- 
tional Research Council, have been care- 
fully considered in the revision of the 
standards. Generally, the recommenda- 
tions for calcium, phosphorus, and caro- 
tene are the allowances advised by these 
committees. 

Standards for dairy cows. — The 
amounts of nutrients required for a cow 
producing a given amount of milk which 
contains a certain percentage of fat are 
found as follows: Add together the main- 
tenance requirements for a cow of the 
particular live weight (shown in Division 
1A of the standards), and the require- 
ments for producing the given amount 
of milk (computed from Division IB). 

For cows during the last 2 to 3 
months of pregnancy, the additional al- 
lowances stated under Division 1C should 
be added to the allowances for main- 
tenance and the allowances for any milk 
produced. 

To illustrate the method of using 
the recommendations under Division 1A 
and Division IB of the standards, let us 
find the amount of digestible protein 
advised under usual conditions for a 
1,200-lb. cow producing 30 lbs. of 3.5 
per cent milk daily. As stated in the 
column headings, the higher amounts of 
digestible protein and of total digestible 
nutrients given in the standards are ad- 
vised under usual conditions. The lower 
amounts are the minimums advised when 
protein-rich feeds are unusually expen- 
sive, or, in the case of total digestible nu- 
trients, when concentrates are unusually 
expensive in comparison with hay or 
other roughages. 

For the maintenance of a cow of 
this live weight, the standard recom- 


mends 0.76 lb. digestible protein. For 
producing each pound of 3.5 per cent 
milk, the allowance recommended is 
0.046 lb. digestible protein. Therefore 30 
times this amount, or 1.38 lbs. digestible 
protein, will be required for the produc- 
tion of 30 lbs. of milk. Adding together 
the maintenance requirement (0.76 lb.) 
and the production requirement (1.38 
lbs.), we have a total of 2.14 lbs. di- 
gestible protein, which is the amount ad- 
vised for such a cow under usual condi- 
tions. 

For a cow during the last 2 or 3 
months of pregnancy, the same method 
is followed, except that the allowances 
shown under Division 1C are to be added 
to the allowances for maintenance and 
the allowances for milk production (if 
the cow is still producing some milk). 

Additional allowances for last 2 to 
3 months of pregnancy. — For a cow dur- 
ing the last 2 or 3 months of pregnancy, 
the same method is followed, except 
that the allowances shown under Division 
1C are to be added to the allowances 
for maintenance and the allowances for 
milk production (if the cow is still pro- 
ducing some milk). 

Additional allowances for milking 
heifers. — Heifers are still making con- 
siderable growth, and they therefore 
need more feed than do mature cows of 
the same live weights and producing the 
same amounts of milk. To meet their 
needs, the allowances stated under Di- 
vision ID should be added to the allow- 
ances for maintenance and for milk pro- 
duction given in Divisions 1A and IB. 

These additional requirements will 
be met during the first lactation of heifers 
by feeding about 2.0 to 2.5 lbs. of addi- 
tional concentrates or 3 to 4 lbs. of good 
hay. In their second and third lactations 
heifers need about half as much addi- 
tional feed as this. It is especially im- 
portant to feed heifers with sufficient 
liberality during the latter part of lacta- 
tion and in the dry period. 

Standards for growing dairy cattle. 
— The standards for growing dairy cattle 
provide enough nutrients for normal 
growth. Young cattle consuming suitable 
rations which contain the amounts of nu- 
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trients shown in the standards should 
reach good size for their breed. 

Standards for mature dairy bulls, 
heavy service. — These standards provide 
sufficient nutrients for mature bulls used 
in heavy service, such as for producing 
semen for artificial breeding associations. 
A young bull that is still growing will 
need somewhat more nutrients than a 
mature bull of the same weight. 

Standards for beef cattle. — The 
standards for wintering beef breeding 
cows provide sufficient nutrients to en- 
able the cows to gain slightly in weight 
as pregnancy advances. 

The standards for wintering beef 
calves and for wintering yearling cattle 
provide sufficient nutrients to produce 
approximately the rates of gain stated in 
the table. 

The standards for growing beef cat- 
tle are intended for young cattle that are 
being grown rapidly throughout the en- 
tire period, and not for cattle that are 
“roughed through the winter,” as is the 
common practice in most sections of the 
range area. 

The standards for calves being fat- 
tened for baby beef are intended for 
calves that are placed on feed when 
weighing 300 to 400 lbs., and are then 
fattened rapidly for marketing at a 
weight of not over 900 to 1,000 lbs. The 
recommendations for fattening yearlings 
are for well-grown yearling cattle which 
weigh 600 to 750 lbs. when placed on 
feed, and which are marketed at about 
1,100 lbs. in weight. The standards for 
fattening 2-year-old cattle are for cattle 
which weigh about 900 lbs. at the start, 
and are marketed at about 1,200 lbs. 
During the period when fattening cattle 
are being gotten on feed, they will con- 
sume less nutrients than shown in these 
standards. 

The recommendations for fattening 
cattle are for animals that are to be fat- 
tened rapidly on a liberal amount of 
grain or other concentrates. Cattle fed a 
limited amount of concentrates will con- 


sume less total digestible nutrients (or 
net energy) than here shown and will 
not make maximum gains. (1184-1186) 

Standards for sheep. — The amounts 
of nutrients advised for breeding ewes 
should keep them in thrifty condition. 

The recommendations for growing 
ewe lambs and yearlings^grov-ide suffi- 
cient nutrients for normal growth. 

The standards for fattening Iambs 
are intended for fattening thrifty lambs 
that weigh about 50 to 65 lbs. at the 
start, and that are fed a sufficiently lib- 
eral amount of concentrates to make 
them fat at a weight of about 90 lbs. 
While they are being started on feed, 
lambs will not consume as much nutri- 
ents as shown in the standards. 

Standards for horses. — The stand- 
ards for horses at hard work are for 
horses actually doing hard work at least 
7 to 8 hours a day. Horses working 
hard for a shorter daily period should 
be classed as “at medium work” or “at 
light work,” as the case , may be. The 
amounts of nutrients* advised for idle 
horses should keep them in thrifty con- 
dition and should prevent loss of 
weight. 

Standards for swine. — The stand- 
ards for gilts and brood sows provide 
sufficient nutrients to keep them in thrifty 
condition. 

The recommendations for growing 
and fattening pigs are intended for full- 
feeding and not for limited-feeding. Pigs 
of excellent breeding which are unusually 
growthy may consume somewhat more 
nutrients than shown in the standards, 
when self-fed an excellent ration. 

Standards for poultry. — Nutrient al- 
lowances for poultry are not commonly 
stated in terms of digestible protein and . 
total digestible nutrients. Feeding stand- 
ards for poultry are therefore not in- 
cluded in this table. The nutrient al- 
lowances recently advised by a special 
committee of the National Research 
Council are given in Chapter XXXVI. 
( 1498 , 1587 , 1600 ) 
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Table III, Morrison feeding standards 

Digestible Total 

protein (Lower digestible nu- 
amounts, min- trients ( Lower 


imum ad- 
vised. Higher 


amounts, min- 
imum ad- 


amts., advised vised. Higher 
under usual amts., advised 


conditions. ) 


under usual 
conditions. ) 


Phosphorus 


Net en- 
ergy (Lower 
amounts, min- 
imum ad- 
vised. Higher 
amts., advised 
under usual 
conditions. ) 


I. Dairy cows 
A. For mainte- 
nance, per 
head daily 
700-lb, cow . . 
750-lb. cow . . 
800-lb. cow . . 
850-lb. cow , . 
900-lb. cov* . . 

950-lb. cow , . 

1.000- lb, cow . . 
1,050-lb. cow . . 
1,100-lb. cow . , 
1,150-lb. cow . . 

1,200-lb. cow . . 
1,250-lb. cow . . 
1,300-lb. cow . . 
1,350-lb. cow 
1,400-lb. cow . . 

1,450-lb. cow . . 
1,500-lb, cow . , 
1,550-lb. cow . . 
1,600-lb. cow . . 
1,650-lb. cow . . 

1,700-lb. cow . . 
1,750-lb. cow . . 
1,800-lb. cow . . 

B. For milk pro- 
duction per 
pound of milk. 

( To be added to al- 
lowances for main- 
tenance. ) 

For 3,0% milk . . 
For 3.5% milk . . 
For 4.0% milk . . 
For 4.5% milk . . 

For 5.0% milk . . 
For 5.5% milk .. 
For 6.0% milk . . 
For 6.5% milk . . 

C. Additional al- 
lowances for last 
2 to 3 months 
of pregnancy 

( To be added to al- 
lowances for main- 
tenance and for 
milk produced.) 
Small cow 

1.000- lb. cow . . . 

Large cow 


.44- .48 
.47- .51 
.49- .54 
.52- .56 
.55- .59 

.57- .62 
.60- .65 
.63- .68 
.65- .71 
.68- .73 

.70- .76 
.73- .79 
.75- .82 
.78- .84 
.80- .87 

.83- .90 
.85- .92 
.88- .95 
.90- .98 
.93-1.00 

.95-1.03 

.98-1.06 

1.00-1.08 


.040-. 052 
.043-. 055 
.045-.057 
.048-.059 

.050-.060 

.053-.063 

.055-.064 

.058-065 


5.2- 5.9 
5.6- 6.3 
5.9- 6.7 

6.2- 7.0 

6.5- 7.3 

6.8- 7.6 

7.0- 7.9 

7.3- 8.1 

7.6- 8.4 

7.9- 8.7 

8.1- 9.0 

8.4- 9.3 

8.6- 9.6 

8.8- 9.9 
9.0-10.2 

9.3-10.5 

9.6- 10.8 

9.8- 11.0 
10 . 0 - 11.2 
10.2-11.4 

10.4-11.6 

10 . 6 - 11.8 

10 . 8 - 12.0 


.26-.28 
.28-.30 
.31-32 
.33-. 35 

.35-.37 

.38-.40 

.40-.42 

.42-.4S 


1.0 .0022 
1.0 .0022 

1.0 .0022 

1.0 .0022 

1.0 .0022 

1.0 .0022 

1.0 .0022 

1.0 .0022 


.75 .0017 

.75 .0017 

.75 .0017 

.75 .0017 

.75 .0017 

.75 .0017 

.75 .0017 

.75 .0017 


4.2- 4.7 

4.5- 5.0 

4.7- 5.4 

5.0- 5.6 

5.2- 5.8 

5.4- 6.1 

5.6- 6.3 

5.8- 6.5 

6.1- 6.7 

6.3- 7.0 

6.5- 7.2 

6.7- 7.4 

6.9- 7.7 

7.0- 7.9 

7.2- 8.2 

7.4- 8.4 

7.7- 8.6 

7.8- 8.8 

8.0- 9.0 

8.2- 9.1 

8.3- 9.3 

8.5- 9.4 

8.6- 9.6 


.24-.26 

.26-.28 

.29-.30 

.31-32 

.33-. 35 
.3S-.37 
.37-.39 
.39-.41 


.50-.55 

5.0-5.5 

6.0 

.013 

6.0 

.013 

24 

4.3-4.7 

.55-.60 , 

5.5-6.0 

8,0 

.018 

7.5 

.017 

30 

4.7-5. 1 

.65-.70 j 

6. 5-7.0 

10.0 

.022 

8.0 

.018 

36 

5.5-6.0 


V -‘-- 

* ? i 
•) i 


■ ■- 

! : V 

1 

! ^ 

1 i , 1 

. 


. 

Sill; 


1 ! 

: » 


; 
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FEEDS AND FEEDING 


Table III. Morrison feeding standards — continued . 



Digestible 
protein ( Lower 
amounts, min- 
imum ad- 
vised, Higher 
amts., advised 
under usual 
conditions. ) 

Total 

digestible nu- 
trients ( Lower 
amounts, min- 
imum ad- 
vised. Higher 
amts., advised 
under usual 
conditions. ) 

Calcium 

Phosphorus 

Caro- 

tene 

Net en- 
ergy (Lower 
amounts, min- 
imum ad- 
vised. Higher 
amts., advised 
under usual 
conditions. ) 

D. Additional al- 
lowances for 
milking heifers 
(To be added to al- 
lowances for main- 
tenance and for 
milk produced. ) 

Lbs, 

Lbs. 

Grams 

Lb. 

i 

Grams 

Lb. 

r. 

Mg. >’ j 

Therms 

First lactation . . . 

.25-.30 

1.5-1 . 8 

3.0 

.007 

3.0 

.007 


1. 3-1.5 

Second lactation . 

.13-.15 

0.8-0.9 

1.5 

.003 

1.5 

.003 

* • ' 4 

H 

0.7-0.8 


Requirements per head daily 


' r « ■ 

? i !’ 

r if * 7 . 

Dry 

matter 

Digestible 

protein 

Total 

digestible 

nutrients 

Calcium 

Phosphorus 

.Caro- 

tene 

Net 

energy 

j 1 ; | " ■ ■ . 

Lbs. 

Lbs. 

Lbs. 

Grams 

j Lb. 

Grams 

Lb. 

Mg. 

Therms 

■I 2. Growing dairy 










cattle 










1 j* Weight 50 lbs. 

0 . 8 - 1.0 

.20- .25 

1 . 0 - 1.2 

4 

.009 

3 

.007 

2 

1 . 2 - 1.4 

Weight 100 lbs. 

1.8- 2.4 

.35- .45 

1 . 8 - 2.2 

7 

.015 

6 

.013 

4 

2.0- 2.4 

. ‘ Weight 150 lbs. 

3.2- 3.8 

.45- .55 

2.8- 3.2 

12 

.026 

10 

.022 

6 

2.8- 3,2 

s«.. 

Weight 200 lbs. 

4.9- 6.1 

.55- .65 

3.6- 4.4 

13 

.029 

10 

.022 

8 

3.5- 4.3 

j; 

1 Weight 300 lbs. 

7.0- 8.4 

. 68 - .78 

4.8- 5.7 

13 

.029 

11 

.024 

12 

4.5- 5.4 

1 1 

1 Weight 400 lbs. 

9.1-11.4 

.76- .87 

6.0- 7.0 

13 

.029 

12 

.026 

16 

5.5- 6.4 

It 

1 Weight 500 lbs. 

10.9-13.1 

.80- .90 

6 . 8 - 8.2 

13 

.029 

12 

.026 

20 

6.1- 7.4 

Hi 

' Weight 600 lbs. 

12.6-15.1 

.83- .94 

7.7- 9.3 

13 

.029 

12 

.026 

24 

6.7- 8.1 

I "I' 

Weight 700 lbs. 

14.3-17.2 

. 86 - .96 

8.4-10.1 

13 

.029 

12 

.026 

28 

7.2- 8.7 

i | 

Weight 800 lbs. 

15.9-19.1 

. 88 - .98 

9.1-10.9 

13 

.029 

12 

.026 

32 

7.8- 9.4 


Weight 900 lbs. 

17.3-20.8 

.91-1.01 

9.6-11.4 

13 

.029 

12 

.026 

36 

8.3- 9.9 


Weight 1,000 lbs. 

18.6-22.3 

.93-1.03 

10 . 0 - 12.0 

12 

.026 

12 

.026 

40 

8 . 6 - 10.2 

s' 

Weight 1,200 lbs. 

19.9-23.9 

.96-1.06 

10.9-13.1 

12 

.026 

12 

.026 

44 

9.4-11.3 

i - 

3. Mature dairy 










1 ■: 

I ^ 

bulls, heavy 






. .« . •. 





, service 










j ■■ 

j ’ 

Weight 1,200 lbs. 

16.2-17.8 

1 . 00 - 1.11 

9.8-10.8 

10 

.022 

10 

.022 

48 

£>.5- 9.5 


Weight 1,400 lbs. 

18.4-20.2 

1.13-1.25 

11 . 0 - 12.2 

11 

.024 

11 

.024 

56 

9.6-10.6 

; 

Weight 1,600 lbs. 

20.6-22.5 

1.25-1.38 

12.3-13.5 

12 

.026 

12 

.025 

64 

10.7-11.9 

it: 

: Weight 1,800 lbs. 

22.7-24.7 

1.36-1.51 

13.5-14.9 

14 

.031 

14 

.031 

72 

11.8-13.0 


Weight 2,000 lbs. 

24.7-26.9 

1.46-1.62 

14.8-16.4 

16 

.035 

16 

.035 

80 

12.9-14.3 

! 

Weight 2,200 lbs. 

26.5-29.0 

1.55-1.72 

16.0-17.8 

18 

.040 

18 

.040 

88 

14.1-15.5 ’ 

•j 1 ; 

Weight 2.400 lbs. 

28.3-31.1 

1.64-1.83 

17.4-19.2 

19 

.042 

19 

.042 

96 

15.1-16.7 

; 1 

: ■ 

Weight 2,600 lbs. 

29.9-32.9 

1.72-1.92 

18.5-20.5 

21 

.046 

21 

.046 

104 

16.2-18.0 

j | 

I 4. Wintering preg- 










I . 

: nant beef cows 










Weight 900 lbs. 

13.1-18.4 

.65- .70 

6.9- 9.7 

20 

.044 

17 

.037 

55 

(5.2- 7.3) 

i Weight 1,000 lbs. 

14.2-20.0 

.70- .80 

7.5-10.5 

20 

.044 

17 

.037 

55 

(5,6_ 7 , 9 ) 

Weight 1,100 lbs. 

15.2-21.5 

.75- .85 

8.0-11.3 

20 

.044 

17 

,037 

55 

(6.0- 8 . 5 ) 

| Weight 1,200 lbs. 

16.3-22.8 

.80- .90 

8 . 6 - 12.0 

20 

.044 

17 

.037 

55 

(6.4- 9.0) 

| !; 5. Beef cows nurs- 










ing calves, first 










■ * 3 to 4 months 










V; Weight 900-1,100 










]’ f: lbs. 

— — 

22.0-27.0 

1.20-1.40 

12.0-15.0 

30 

.066 

24 

.053 

90 

9.6-12.0 
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Table III. Morrison feeding standards — continued. 

Requirements per head daily | , 





Total 

1 


1 





Dry 

Digestible 

digestible 

[ Calcium 

Phosphorus 

Caro- 

Net 


matter 

protein 

nutrients 





tene 

energy 


Lbs. 

Lbs. 

Lbs. 

Grams 

Lb. 

Grams 

Lb. 

Mg. 

Therms 

6. Growing beef 









cattle, fed for 










wSgf'Sfe 

7.2- 9.0 

.67- .77 

5.1- 6.2 

18 

.040 

13 

.029 

20 

4.6- 5.7 

Weight 400 lbs. 

9.1-11.4 

.76- .87 

6.2- 7.2 

20 

.044 

15 

.033 

25 

5.6- 6.5 

Weight 500 lbs. 

10.7-13.0 

.81- .92 

7.2- 8.4 

19 

.042 

15 

.033 

30 

6.3- 7.4 

Weight 600 lbs. 

12.4-14.7 

.84- .95 

8.1- 9.3 

18 

.040 

15 

.033 

35 

7.2- 8.2 

Weight 700 lbs. 

14.2-16.5 

.87- .98 

8.9-10.2 

17 

.037 

15 

.033 

40 

7.7- 8.8 

Weight 800 lbs. 

15.9-18.3 

.90-1.00 

9.5-10.9 

16 

.035 

15 

.033 

45 

8.2- 9.4 

Weight 900 lbs. 

17.3-19.7 

.93-1.03 

10.1-11.5 

16 

.035 

15 

.033 

50 

8.7- 9.9 

Weight 1,000 lbs. 

7. Winteringijbeef 

18.6-21.0 

.95-1.05 

10.6-12.0 

15 

.033 

15 

.033 

55 

9.2-10.4 

calves, to gain 
0.75 to 1.00 lb. 
per head daily 
Weight 300 lbs. . 

' 

7.0- 8.3 

.52- .58 

3.9- 4.6 

16 

.035 

12 

.026 

17 

(3.2- 3.8) 

Weight 400 lbs. . 

8.7-10.3 

.63- .70 

4.8- 5.7 

16 

.035 

12 

.026 

25 

(4.0- 4.8) 

Weight 500 lbs. . 

10,3-12.1 

.71- .78 

5.7- 6.7 

16 

.035 

12 

.026 

30 

(4.7- 5.6) 

Weight 600 lbs. . 

8. Wintering year- 

11.7-13.9 

.79- .88 

6.5- 7.7 

16 

.035 

12 

.026 

35 

(5.3- 6.2) 

ling beef cattle, 










to gain 0.50 to 
0.751b. per head 
daily 









(5.0- 5.8) 

Weight 600 lbs. .. 

11.6-13.3 

.67- .75 

6.3- 7.2 

16 

.035 

12 

.026 

35 

Weight 700 lbs. . 

12.9-14.8 

.76- .83 

7.0- 8.0 

16 

.035 

12 

.026 

40 

(5.6- 6.4) 

Weight 800 lbs. . 

9. Calves fattened 

.14.2-16.3 

.83- .90 

7.7- 8.8 

16 

.035 

12 

.026 

45 

(6.2- 7.0) 

for baby beef 
Weight 400 lbs. . 

9.6-12.1 

1.05-1.15 

7.4- 8.6 

20 

.044 

15 

.033 

25 

6.7- 7.8 

Weight 500 lbs. . 

11.3-13.8 

1.14-1.26 

8.8-10.2 

20 

.044 

16 

.035 

30 

8.1- 9.4 

Weight 600 lbs. . 

13.2-15.8 

1.26-1.37 

10.2-11.8 

20 

.044 

17 

.037 

35 

9.5-11.0 

Weight 700 lbs. . 

,14.8-17.5 

1.39-1.52 

11.6-13.2 

20 

.044 

18 

.040 

40 

10.9-12.4 

Weight 800 lbs. . 

16.7-19.3 

1.52-1.68 

12.6-14.4 

20 

.044 

18 

.040 

45 

11.8-13.6 

Weight 900 lbs. '. 

17.7-20.3 

1.64-1.82 

13.5-15.5 

20 

.044 

18 

.040 

50 

12.7-14.6 

10. Fattening year- 










ling cattle 
Weight 600 lbs. 

15.0-17.6 

1.18-1.32 

10.7-12.3 

20 

.044 

17 

.037 

35 

9.7-11.2 

Weight 700 lbs. 

16.5-19.1 

1.36-1.52 

12.7-14.3 

20 

.044 

18 

.040 

40 

11.7-13.2 

Weight 800 lbs. 

17.8-20.4 

1,52-1.68 

14.1-15.9 

20 

.044 

19 

.042 

45 

13.0-14 .6 

Weight 900 lbs. 

18.9-21.7 

1.64-1.82 

15.4-17.2 

20 

.044 

20 

.044 

50 

14.2-15.8 

Weight 1,000 lbs. 

20.0-23.0 

1.71-1.91 

16.0-18.0 

20 

.044 

20 

.044 

55 

14.9-16.7 

Weight 1,100 lbs. 

21.0-24.0 

1.76-1.96 

16.5-18.5 

20 

.044 

20 

.044 

60 

15.5-17.4 

11. Fattening % 










year-old cattle 
Weight 800 lbs. 

19.6-22.2 

1.46-1.62 

14.1-15.9 

20 

.044 

20 

.044 

45 

12.8-14.5 

Weight 900 lbs. 

20.7-23.5 

1.53-1.78 

14.6-17.4 

20 

.044 

20 

.044 

50 

13.3-15.8 

Weight 1,000 lbs. 

22.0-25.0 

1.65-1.85 

16.5-18.5 

20 

.044 

20 

.044 

55 

15.2-17.0 

Weight 1,100 lbs. 

24.0-27.0 

1.70-1.90 

17.0-19.0 

20 

.044 

20 

.044 

60 

15.6-17.5 

Weight 1,200 lbs. 

12. Pregnant ewes, 

24.0-27.0 

1.70-1.90 

17.0-19.0 

20 

.044 

20 

.044 

65 

15.8-17.7 

until 4 to 6 wks. 
before lambing 








2.6 

(1.0- 1.2) 

Weight 100 lbs. . 

2.2- 2.9 

.11- .16 

1.2- 1.6 

3.3 

.007 

2.6 

.006 

Weight 110 lbs. . 

2.5- 3.2 

.12- .17 

1.4- 1.8 

3.4 

.007 

2.7 

.006 

2.8 

(1.1- 1.4) 
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FEEDS AND FEEDING 

Table III. Morrison feeding standards — continued. 


Requirements per head daily 



Dry 

matter 

Digestible 

protein 

Total 

digestible 

nutrients 

Calcium 

Phosphorus 

Caro- 

tene 

Net 

energy 


Lbs. 

Lbs. 

Lbs. 

Grams 

Lb. 

Gram 

Lb. 

Mg. 

Therms 

12. Pregnant ewes, 









until 4 to 6 wks. 
before lambing 









J* 

— Continued 










Weight 120 lbs. . 

2.7- 3.4 

.13- .18 

1.5- 1.9 

3.5 

.008 

2.8 

.006 

3.0 

(1.2- 1.5) 

Weight 130 lbs. . 

2.9- 3.6 

.14- .19 

1.6- 2.0 

3.8 

.008 

2.9 

.006 

3.2 

(1.2- 1.6) 

Weight 140 lbs. . 

3.1- 3.8 

.15- .20 

1.7- 2.1 

4.0 

.009 

3.0 

.007 

3.4 

1 (1.3- 1.6) 

Weight 150 lbs. . 

3.3- 4.0 

.16- .21 

1.8- 2.2 

4.2 

.009 

3.1 

.007 

3.6 

j (1.4- 1.7) 

13. Pregnant ewes, 
last 4 to 6 wks. 
before lambing 










Weight 110 lbs. . 

3.5- 3.9 

.17- .20 

2.1- 2.4 

4.4 

.010 

3.3 

.007 

m 

(1.7- 2.0) 

Weight 120 lbs. . 

3.7- 4.1 

.18- .21 

2.2- 2.5 

4.5 

.010 

3.4 

.007 

6.8 

i (1.8- 2.1) 

Weight 130 lbs. . 

3.8- 4.2 

.19- .22 

2.3- 2.6 

4.6 

.010 

3.5 

.008 

7.3 

! (1.9- 2.1) 

Weight 140 lbs. . 

3.9- 4.3 

.20- .23 

2.4- 2.7 

4.7 

.010 

3.6 

,008 

7.9 

j (2.0- 2.2) 

Weight 150 lbs. . 

4.0- 4.5 

.20- .24 

2.4- 2.8 

4.8 

.011 

3.7 

.008 

8.5 

j (2.0- 2.3) 

Weight 160 lbs. . 

4.1- 4.8 

.21- .24 

2.5- 2.8 

4.9 

.011 

3.8 

.008 

9.1 

(2.1- 2.3) 

14. Ewes nursing 
lambs 










Weight 100 lbs. . 

3.7- 4.3 

.22- .25 

2.5- 2.9 

6.2 

.014 

4.6 

.010 

6.4 

2.1- 2.4 

Weight 110 lbs. . 

3.9- 4.5 

.22- .26 

2.6- 3.0 

6.3 

.014 

4.7 

.010 

7.0 

2.2- 2.5 

Weight 120 lbs. . 

4.1- 4.7 

.23- .26 

2.7- 3.1 

6.5 

.015 

4.8 

.011 

7.6 

2.3- 2.6 

Weight 130 lbs. . 

4.2- 4.9 

.23- .27' 

2.8- 3.2 

6.7 

.015 

4.9 

.011 

8.3 

2.4- 2.7 

Weight 140 lbs. . 

4.3- 5.0 

.24- .28 

2.9- 3.3 

6.8 

.015 

5.0 

.011 

9.0 

2.4— 2.8 

Weight 150 lbs. . 

4.4- 5.1 

.25- .29 

3.0- 3.4 

7.0 

.015 

5.1 

.011 

9.8 

2.5- 2.9 

15. Growing ewe 
lambs and 
yearlings 










Weight 50 lbs. . 

2.0- 2.3 

.14- .17 

1.4- 1.7 

2.9 

.006 

2.6 

.006 

1.7 

1.2- 1.4 

Weight 60 lbs. . 

2.2- 2.5 

.14- .18 

1.4- 1.8 

2.9 

.006 

! 2.6 

.006 

2.0 

1.2- 1.5 

Weight 70 lbs. . 

2.4- 2.7 

.15- .18 

1.5- 1.8 

3.0 

.007 

2.7 

.006 

2.3! 

! 1.3- 1.5 

Weight 80 lbs. . 

2.6- 2.9 

.15- .19 

1.5- 1.9 

3.0 

.007 

2.7 

.006 

2.6 

1.3- 1.6 

Weight 90 lbs. . 

2.7- 3.1 

.16- .19 

1.6- 1.9 

3.0 

.007 

2.7 

.006 

2.9! 

1.4- 1.6 

Weight 100 lbs. . 

2.8- 3.2 

.16- .20 

1.6- 1.9 

3.1 

.007 

2.8 

.006 

3.2 

1,4- 1.6 

Weight 110 lbs. . 

2.8- 3.3 

.17- .20 

1.7- 1.9 

3.2 

.007 

2.8 

.006 

3.5! 

1.4- 1.6 

Weight 120 lbs. . 

2.9- 3.3 

.17- .21 

1.7- 1.9 

3.2 

.007 

2.9 

.006 

3.8 j 

1.4- 1.6 

16. Growing ram 










lambs and 










yearlings 










Weight 60 lbs. . 

2.4- 2.7 

.15- .18 

1.6- 2.0 

3.0 

.007 

2.7 

.006 

2.3 

1,4- 1.7 

Weight 80 lbs. . 

2.7- 3.1 

.16- .19 

1.8- 2.2 

3.2 

.007 

2.9 

.006 

2.8 

1.6- 1.9 

Weight 100 lbs. . 

3.0- 3.5 

.17- .20 

1.9- 2.3 

3.3 

.007 

3.0 

.007 

3.3 

1,6- 2.0 ■ 

Weight 120 lbs. . 

3.3- 3.8 

.18- .21 

2.0- 2.4 

3.4 

.007 

3.1 

.007 

3.8 

1.7- 2.1 

Weight 140 lbs. . 

3.6- 4.2 

.19- .22 

2.1- 2.5 

3.5 

.008 

3.2 

.007 

4.3 

18-22 

Weight 160 lbs. . 

3,8- 4.4 

.20- .23 

2.2- 2.6 

3.6 

.008 

3.3 

.007 

4.8 

1.9- 2.3 

17. Fattening 
lambs 










Weight 50 lbs. . 

2.0- 2.4 

.17- .19 

1.4- 1.6 

2.9 

.006 

2.6 

.006 

1.5 

1.3- 1.5 

Weight 60 lbs. . 

2.2- 2.6 

.17- .20 

1.5- 1.8 

2.9 

.006 

2.6 

.006 

1.7 

1.3- 1.6 

Weight 70 lbs. . 

2.6- 3.0 

.18- .21 

1.7- 2.1 

2.9 

.006 

2.6 

.006 

1.9 

1.5- 1.9 

Weight 80 lbs. . 

2.9- 3.3 

.19- .22 

1.9- 2.3 

3.0 

.007 

2.7 

.006 

2.1 

1.7- 2.1 

Weight 90 lbs. . 

3.1- 3.6 

.20- .23 

2.1- 2.5 

3,0 

.007 

2.7 

.006 

2.2 

1.9™ 2.3 

Weight 100 lbs. . 

3.3- 3.8 

.20- .24 

2.3- 2.8 

3.1 

.007 

2.8 

.006 

2.3 J 

2.1- 2.6 



18. Horses, mules, 
or ponies, idle 

Weight 

Weight SOiKbs. 
Weight 1,000 lbs. 
Weight 1,200 lbs. 

Weight 1,400 lbs. 
Weight 1,600 lbs. 
Weight 1,800 lbs. 

19. Horses, mules, 
or ponies, at 
light wopk 

Weight 600 lbs. 
Weight 800 lbs. 
Weight 1,000 lbs. 
Weight 1,200 lbs. 

Weight 1,400 lbs. 
Weight 1,600 lbs. 
Weight 1,800 lbs. 

20. Horses, mules, 
or ponies, at 
medium work 

Weight 600 lbs. 
Weight 800 lbs. 
Weight 1,000 lbs. 
Weight 1,200 lbs. 

Weight 1,400 lbs. 
Weight 1,600 lbs. 
Weight 1,800 lbs. 

21. Horses, mules, 
or ponies, at 
hard work 

Weight 600 lbs. 
Weight 800 lbs. 
Weight 1,000 lbs. 
Weight 1,200 lbs. 

Weight 1,400 lbs. 
Weight 1,600 lbs. 
Weight 1,800 lbs. 

22. Mares, last 
quarter of 
pregnancy, 
light work 

Weight 600 lbs. 
Weight 800 lbs. 
Weight 1,000 lbs. 
Weight 1,200 lbs. 

Weight 1,400 lbs. 
Weight 1,600 lbs. 
Weight 1,800 lbs. 
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Table III. Morrison feeding standards — continued. 

Requirements per head daily 
~~ 1 Total 

Dry Digestible digestible Calcium Phosphorus Caro- Net 
matter protein nutrients tene energy 


6.9- 8.4 
8.6-10.5 
10.2-12.5 

11.7- 14.3 

13.1-16.0 

14.4-17.6 

15.8- 19.3 


8.9-10.9 

11.2-13.7 

13.1- 16.0 

15.1- 18.4 

16.9-20.6 

18.6-22.8 

20.5-25.0 


10.4- 12.7 
12.9-15.7 
15.3-18.7 

17.5- 21.4 

19.6- 24.0 

21.6- 26.4 

23.6- 28.8 


12.0- 14.7 
14.9-18.2 

17.7- 21.7 
20.3-24.9 

22.8- 27.9 

25.1- 30.7 
27.5-33.7 


9.5-11.6 

11.7- 14.3 

13.8- 16.8 

15.8- 19.3 

17.7- 21.7 

19.7- 24.1 
21.6-26.3 


.4- .5 4.8- 5.8 

.5- .6 5.9- 7.3 

.6- .7 7.1- 8.7 

.7- .8 8.1- 9.9 

.8- .9 9.1-11.1 

.9-1.0 10.0-12.2 

1.0-1.1 11.0-13.4 


.5- .6 6.2- 7.6 

.6- .7 7.7- 9.5 

.7- .8 9.1-11.1 

.8-1.0 10.4-12.8 

.9-1.1 11.7-14.3 

1 .0- 1.2 13.0-15.8 

1. 1- 1.3 14.2-17.4 


1. 1- 1.3 

1 . 2 - 1. 4 

1.3- 1. 5 


. 6 - .8 
. 8 - 1.0 
.9-1.1 

1. 1- 1.3 

1. 2- 1.5 

1.3- 1. 6 

1.4- 1. 8 


Grams 

Lb. 

Grams 

Lb. 

Mg. 

Therms 

9.9 

.022 

11.0 

.024 

30 

(3.8- 4.6) 

12.2 

.027 

13.7 

.030 

40 

(4.7- 5.8) 

13.7 

,030 

15.4 

.034 

50 

(5.7- 7.0) 

15.7 

.035 

17.7 

.039 

60 

(6.5- 7.9) 

17.6 

.039 

19.8 

.044 

70 

(7.3- 8.9) 

19.4 

.043 

21.8 

.048 

80 

8.0- 9.8) 

21.1 

.047 

23.8 

.053 

90 

(8.8-10.7) 


9.9 .022 
12.2 .027 

13.7 .030 

15.7 .035 

17.6 .039 
19,4 .043 
21.1 .047 


11.0 .024 30 

13.7 .030 40 

15.4 .034 50 

17.7 .039 60 

19.8 .044 70 

21.8 .048 80 

23.8 .053 90 


! 7.2- 8.8 9.9 .022 11.0 .024 30 

9.0-11.0 12.2 .027 13.7 .030 40 

10.6- 13.0 13.7 .030 15.4 .034 50 

12.2-14.9 15.7 .035 17.7 .039 60 

13.6- 16.6 17.6 .039 19.8 .044 70 

15,0-18.4 19.4 .043 21.8 .048 80 

16.4-20.0 21.1 .047 23.8 .053 90 


! 8.9-10.9 9.9 .022 

11.1-13.5 12.2 .027 
! 13.1-16.1 13.7 .030 
15.0-18.4 15.7 .035 


11.0 .024 30 

13.7 .030 40 

15.4 .034 50 

17.7 .039 60 


16.9-20.7 17.6 .039 19.8 .044 70 

18.6-22.8 19.4 .043 21.8 .048 80 

20.4-25.0 21.1 .047 23.8 .053 90 


5.1- 6.3 
6.4- 7.9 

7.6- 9.2 

8.6- 10.6 

9.7-11.9 

10.8- 13.1 

11.8- 14.4 


6.1- 7.5 
7.7- 9.4 
9.0-11.1 
10.4-12.7 

11.6-14.1 

12.8- 15.6 

13.9- 17.0 


7.7- 9.5 

9.7- 11.7 
11.4-14.0 

13.1- 16.0 

14.7- 18.0 

16.2- 19.8 

17.7- 21.8 


.6- .7 6.6- 8.0 10.8 .024 10.8 .024 36 5.5- 6.7 

.7- .8 8.1- 9.9 13.1 .029 13.1 .029 48 6.8- 8.3 

.8-1.0 9.5-11.7 15.4 .034 15.4 .034 60 8.0- 9.8 

,9-1.1 11.0-13.4 17.7 .039 17.7 .039 72 9.2-11.3 

1.1- 1 .3 12.3-15.1 19.9 .044 19.9 .044 84 10.3-12.7 

1.2- 1. 4 13.7-16.7 22.1 .049 22.1 .049 96 11.5-14.0 

1.3- 1. 5 14.6-17.8 24.2 .053 24.2 .053 108 12.3-15.0 


23. Mares nursing 
foals, light work 
Weight 600 lbs. 13.5-16.5 

Weight 800 lbs. 16.7-20.4 


1.2-1 .5 10.7-13.1 16.7 .037 15.2 .034 
1.5-1.9 13.2-16.2 20.6 .045 18.7 .041 


36 9.3-11.4 

48 11.5-14.1 
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Table III. Morrison feeding standards — continued. 


Requirements per head daily 



Dry 

matter 

Digestible 

protein 

Total 

digestible 

nutrients 

Calcium 

Phosphorus 

Caro- 

tene 

Net 

1 energy 

23. Mares nursing 
foals, light work 
— Continued 

Lbs. 

Lbs. 

Lbs. 

Gram 

Lb. 

Gram 

Lb. 

Mg. 

1 "" 

Weight 1,000 lbs. 

19.8-24.2 

1 . 8 - 2.2 

15.7-19.1 

24.4 

.054 

22.2 

.049 


13.7-16.6 

Weight 1,200 lbs. 

22.7-29.7 

2 . 1-2.5 

18.0-22.0 

28.0 

.062 

25.4 

,056 

72 

15.7-19.1 

Weight 1,400 lbs. 

25.4-31.1 

2.3-2.8 

20.2-24.6 

31.4 

.069 

28.5 

.063 

84 

17.6-21.4 

Weight 1,600 lbs. 

28.3-34.5 

2. 6-3.2 

22.4-27.4 

34.9 

.077 

31.7 

.070 

96 

19.5-23.8 

Weight 1,800 lbs. 

24. Growing colts, 
after weaning 

30.7-37.5 

2.8-3 .4 

24.4-29.8 

37.9 

.084 

34.4 

.076 

108 

21.2-25.9 

Mature tot. 600 lbs. 










Weight 200 lbs, . 

6.7 

.77 

4.2 

7.9 

.017 

7.3 

.016 

12 '’ 

3.6 

Weight 400 lbs. . 

9.1 

.57 

5.7 

8.7 

.019 

9.1 

.020 

24 

4.8 

Mature ivt. 800 lbs. 










Weight 200 lbs. . 

7.2 

.93 

4.5 

9.8 

.022 

8.8 

.019 

12 

3.9 

Weight 400 lbs. . 

9.9 

.80 

6.2 

10.8 

.024 

10.8 

.024 

24 

5.3 

Weight 600 lbs. . 

Mat. wt. 1,000 lbs. 

11.7 

.65 

7.3 

10.6 

.023 

11.2 

,025 

36 

6.1 

Weight 200 lbs. . 

7.5 

1.04 

4.7 

12.3 

.027 

10.6 

.023 

12 

4.1 

Weight 400 lbs. . 

10.2 

.94 

6.4 

13.4 

.030 

12.5 

.028 

24 

5.5 

Weight 600 lbs. . 

12.3 

.77 

7.7 

13.4 

.030 

13.4 

.030 

36 

6.5 

Weight 800 lbs. . 

13.8 

.74 

8.6 

11.6 

.026 

11,6 

.026 

48 

7.2 

Mat. wt. 1,200 lbs. 










Weight 200 lbs. 

7.7 

1.06 

4.8 

14.3 

.032 

12.2 

.027 

12 

4.2 

Weight 400 lbs. 

10.4 

1.03 

6.5 

16.1 

.036 

14.6 

.032 

24 

5.6 

Weight 600 lbs. 

13.3 

.93 

8.3 

16.9 

.037 

16.3 

.036 

36 

7.1 

Weight 800 lbs. 

14.7 

.87 

9.2 

15.3 

.034 

15.3 

.034 

48 

7.7 

Weight 1,000 lbs. 

16.2 

.85 

10.1 

14.7 

.032 

14.7 

.032 

60 

8.5 

Mat. wt. 1,400 lbs. 










Weight 200 lbs. 

8.2 

1.22 

5.1 

17.9 

.040 

14.9 

.033 

12 

4.4 

Weight 400 lbs. 

11.0 

1.16 

6.9 

20.5 

.045 

17.5 

.039 

24 

5.9 

Weight 600 lbs. 

13.4 

1.13 

8.4 

21.3 

.047 

18,9 

.042 

36 

7.1 

Weight 800 lbs. 

15.8 

1.05 

9.9 

20.1 

.044 

18,7 

.041 

48 

8.4 

Weight 1,000 lbs. 

17.0 

.97 

10.6 

17.8 

.039 

17.8 

.039 

60 

8.9 

Weight 1,200 lbs. 

18.4 

.95 

11.5 

15.9 

.035 

15.9 

.035 

72 

9.7 

Mat. wt. 1,600 lbs. 










Weight 200 lbs. 

8.5 

1.28 

5.3 

20.8 

.046 

17.7 

.039 

12 

4.6 

Weight 400 lbs. 

11.8 

1,43 

7.4 

24.6 

.054 

21.4 

.047 

24 

6.4 

Weight 600 lbs. 

13.9 

1.33 

8.7 

24.6 

.054 

22.1 

.049 

36 

7.5 

Weight 800 lbs. 

16.6 

1.23 

10.4 

24.9 

.055 

23.3 

.051 

48 

8.8 

Weight 1,000 lbs. 

18.4 

1.17 

11.5 

22.6 

.050 

22.6 

.050 

60 

9.8 

Weight 1,200 lbs. 

19.5 

1.11 

12.2 

19.5 

.043 

20.4 

.045 

72 

10.2 

Weight 1,400 lbs. 

20.6 

1.06 

12.9 

16.8 

.037 

19.6 

.043 

84 

10.8 

Mat. wt. 1,800 lbs. 










Weight 200 lbs. 

9.0 

1.39 

5.6 

24.5 

.054 

20.4 

.045 

12 

4.9 

Weight 400 lbs. 

12.3 

1.50 

7.7 

27.9 

.062 

22.3 

.049 

24 

6.6 

Weight 600 lbs. 

14.4 

1.49 

9.0 

27.4 

.060 

22.9 

.051 

36 

7*7 

Weight 800 lbs. 

17.0 

1.44 

10.6 

27.0 

.060 

23.9 

.053 

48 

ao 

Weight 1,000 lbs. 

19.5 

1.40 

12.2 

26.5 

.058 

23.9 

.053 

60 

10.4 

Weight 1,200 lbs. 

20.8 

1.34 

13.0 

23.6 

.052 

22.6 , 

.050 

72 

10.9 

Weight 1,400 lbs. 

22,1 

1.26 

13.8 

21.1 

.047 

22.0 

.049 

84 

11 6 

Weight 1,600 lbs. 

22.7 

1.18 

14.2 

18.3 

.040 

20.6 , 

.045 

96 | 

11.9 


■V : r 
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Requirements per head daily 




Total 


' Dry 

Digestible 

digestible 

Calcium 

matter 

■ ' : ■■•■■■■ " 

protein 

nutrients 




Lbs. 

Lbs. Lbs, Grams Lb. Grams Lb. 

Mg. 

Therms 

25. Wintering 




pregnant gilts 

Weight 250 

4.3- 5.1 

.56- .69 3.5- 4.3 11.8 .026 9.4 .021 

13 

3.3- 4.0 

'Weight 300 lbs. ri 

^4.9- 5.9 

.65- .79 4.0- 5.0 13.6 .030 10.9 .024 

15 

3.8- 4.7 

Weight 350 lbs. . 

5.5- 6.5 

.73- .90 4.6- 5.6 15.4 .034 12.2 .027 

18 

4.3- 5.3 

26. Wintering preg- 





nant older sows 
Weight 300 lbs. . 

4.0-M.8 

.49- .60 3.2- 3.9 11.1 .025 8.9 .020 

12 

3.0- 3.7 

Weight 400 lbs. . 

4.9- 6.1 

.63- .76 4.1- 5.0 14.0 .031 11.2 .025 

15 

3.9- 4.7 

Weight 500 lbs. . 

6.0- 7.4 

.76- .92 4.9- 6.0 17.0 .038 13.6 .030 

19 

4.6- 5.6 

Weight 600 lbs. . 

7.1- 8.7 

.89-1.08 5.8- 7.1 19.9 .044 15.9 .035 

23 

5,5- 6.7 

27. Gilts nursings 
litters 





Weight 350 lbs. . 

8.9-10.9 

1.15-1 40 7.4- 9.1 24.9 .055 19.9 .044 

28 

7.0- 8.6 

Weight 400 lbs. . 

10.1-12.3 

1.23-1.50 8.4-10.3 28.5 .063 22.7 .050 

31 

8.0- 9.8 

28. Older sows 
nursing litters 





Weight 400 lbs. . 

9.7-11.8 

1.22-1.50 8.0- 9.8 27.0 .060 21.6 .048 

28 

7.6- 9.3 

Weight 500 lbs. . 

10.6-12.9 

1.32-1.50 8.8-10.8 29.7 .066 23.7 .052 

35 

8.4-10.3 

Weight 600 lbs. . 

11,0-13.4 

1.37-1.67 9.2-11.2 30.8 .068 24.6 .054 

42 

8.7-10.6 

29. Growing and 
fattening pigs 



.7 

1.4- 1.8 

Weight 25 lbs. . 

1.6- 2.0 

.26- .32 1.4- 1.8 4.1 .009 3.0 .006 

Weight 50 lbs. . 

2.6- 3.2 

.37- .45 2.2- 2.6 6.5 .014 4.8 .011 

1.0 

2.2- 2.6 

Weight 75 lbs. . 

3.5- 4.3 

.46- .57 2.9- 3.5 8.8 .019 6.4 .014 

1.5 

2.8- 3.4 

Weight 100 lbs. . 

4.3- 5.3 

.53- .65 3.6- 4.4 10.8 .024 7.9 .017 

2.0 

3.4- 4.2 

Weight 150 lbs. . 

5.5- 6.7 

.64- .78 4.6- 5.6 13.9 .031 10.2 .022 

3.0 

4.4- 5.3 

Weight 200 lbs, . 

6.1- 7.4 

.65- .79 5.0- 6.2 15.3 .034 11.2 .025 

4.0 

4.8- 5.9 

Weight 250 lbs. . 

6.6- 8.1 

.72- .88 5.6- 6.8 16.7 .037 12.3 .027 

5.0 

5.3- 6.5 

Weight 300 lbs. . 

7.1- 8.7 

.76- .93 6.1- 7.3 17.9 .040 13.2 .029 

6.0 

5.8- 6.9 


1 ! 
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Table IV. Mineral Matter in Important Feedlng Stuffs 


Sources of data. — In order to pre- 
sent as accurate information as possible 
concerning the content of mineral nutri- 
ents in various feeding stuffs, a new 
compilation has been made for this 
twenty-second edition of Feeds and 
Feeding . 

The average percentages of calcium, 
phosphorus, and potassium determined 
in this compilation are given in Appen- 
dix Table I for all feeds where sufficient 
data have been reported. The average 
amounts of certain other mineral ele- 
ments in the more important feeds are 
shown in this table (Appendix Table 
IV), so far as sufficient data are avail- 
able. For convenience in the use of the 
table, the percentages of calcium, phos- 
phorus, and potassium in these feeds are 
repeated here. 

The data have been compiled 
largely from the analyses reported by 
the American agricultural experiment 
stations and the United States Depart- 
ment of Agriculture. Much information 
has been taken from the extensive com- 
pilation of the mineral composition of 
crops made by Doctor K. C. Beeson of 
the Plant, Soil, and Nutrition Laboratory 
of the United States Department of Agri- 
culture. (United States Department of 
Agriculture, Miscellaneous Publication 
369, 1941.) 

As stated in the introduction to 
Appendix Table I, data compiled by 
the Committee on Feed Composition of 
the National Research Council have been 
included in this compilation, especially 
data for by-product concentrate feeding 
stuffs. The National Research Council 
has recently published in preliminary 
form the compilation of analyses of by- 
product concentrates. The author has 
aided in this compilation by furnishing 
data which he has compiled. 

Much less information is available 
concerning the percentages of mineral 
elements in the many different feeding 
stuffs than for protein, .fat, fiber, nitrogen- 
free extract, or total mineral matter, data 
for which are given in Appendix^ Table 
I. Also, there is an even greater variation 
in the percentage of mineral, nutrients in 


feeds of the same name than there is in 
the percentages of protein, fat, fiber, or 
nitrogen-free extract. ( 97, 370-372 ) The 
variation is especially great in the case 
of forages, including hay, pasturage and 
silage. For example, where the soil is 
very deficient in phosph or us^ he phos- 
phorus content of forages may be so low 
as to produce serious phosphorus de- 
ficiency, unless the lack is corrected. 

The data in this table indicate the 
approximate average content of the vari- 
ous mineral nutrients in the different 
feeds, when crops are grown on soil 
which is reasonably well supplied with 
mineral nutrients. 

The data in the table are for the 
various feeds as they are supplied to 
livestock, and not the percentages or 
amounts expressed on the dry matter 
basis. The content of each mineral is 
stated in terms of the mineral element, 
and not as the oxide, as calcium oxide 
(lime), potassium oxide (potash), 
etc. 


Manganese; copper. — Because the 
amounts of manganese and of copper in 
feeds are much smaller than of the other 
minerals included in the table, the con- 
tent of manganese and of copper is stated 
as milligrams per pound of feed, instead 
of as the percentage. A content of 4.5 
milligrams per pound of feed is equiva- 
lent to one part in 100,000, or 0.001 per 
cent. 





Cobalt; iodine. — The amounts of 
cobalt and of iodine in different feeds are 
not shown in the table, because the 
amounts of these minerals are highly 
variable. Also, too few analyses have 
been reported to indicate the approxi- 
mate average content. The iodine con- 
tent of feeds is so exceedingly small that 
it is measured in parts per billion, in- 
stead of in per cent The cobalt content 
is also very small, most feeds having 
much less than one part of cobalt in ten 
million parts by weight, or less than 0.1 
milligram per pound of feed. 

The grains and their by-products 
have only 0.05 milligram or less of cobalt 
per pound. Linseed meal apparently has 
more cobalt than other ordinary concen- 
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trates, having 0.16 milligram per pound, common feeds. Fish meal may have 
Fish meal and tankage also may have 4,000 to 10,000 parts of iodine per bil- 
somewhat more cobalt than the grains or lion. The iodine content of the cereal 
their by-products. Legume forages usu- grains is low, ranging from an average 
ally have more cobalt than non-legume of 57 parts per billion parts, on the dry 
forages. Alfalfa hay of good quality may matter basis, for oats to 177 parts per 
have 0.17 milligram per pound. billion for corn. Most hay has slightly 

Fish^meal and other sea products more iodine, and the iodine content of 
have mucJtrMcnOre iodine than do other straw is appreciably higher. ; 
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Feeding stuff 


Dry roughages 

Alfalfa hay, all analyses .... 
Alfalfa hay, before bloom . . 
Alfalfa hay, Mo to % bloom . 
Alfalfa hay, % to full bloom . 

Alfalfa leaves 

Alfalfa meal, dehydrated, 

20% protein grade 

Alfalfa meal, dehydrated, 

17% protein grade 

Alfalfa stems 

Alfalfa and bromegrass hay . 

Alfalfa and grass hay 

Alfalfa and timothy hay 

Barley straw 

Bean straw, field . . 

Bermuda grass hay 

Birdsfoot trefoil hay 

Bluegrass hay, Ky., all anal. . 
Bluegrass hay, Ky., in seed . 
Bromegrass hay, smooth, all 

analyses 

Cereals, young, dehydrated . 

Clover hay, alsike 

Clover hay, crimson 

Clover hay, Ladino 

Clover, Ladino, and grass hay 
Clover hay, red, all analyses . 
Clover hay, red, before bloom 
Clover hay, red, in bloom . . 
Clover hay, sweet, second year ’ 
Clover and mixed grass hay, 
high in clover 

Clover and timothy hay, 30 

to 50% clover 

Com cobs, ground 

Corn fodder, well-eared, very 

dry 

Com stover, (ears removed) 

very dry 

Cottonseed hulls ......... 

Cowpea hay ............ 

Flax straw 

Grass hay, mixed, eastern 

states, good quality 

Johnson grass hay 

Kafir fodder, very dry 

Lespedeza hay, ann’l, all anal. 

Lespedeza hay, annual, be- 
fore bloom 

Lespedeza hay, annual, in 

bloom 

Lespedeza hay, annual, after 

bloom 

Lespedeza hay, sericea .... 

Marsh or swamp hay, good 
quality ........ . . . . . 

Millet hay, foxtail varieties . . * 


Phos- Potas- 
phorus sium 

So- CMo- Sul- 
dium rine fur 

Magne- 

sium 

Iron 

Man- 

ganese 

Per Per 

Per Per Per 

Per 

Per 

Mg. 

cent cent 

cent cent cent 

cent 

cent 

per lb. 

0.24 1.97 

0.15 0.28 0.29 

0.31 

0.017 

25.4 

0.33 2.14 

0.20 0.31 0.57 

0.23 

0.023 

14.1 

0 24 1 97 

0.14 0.34 0.27 

0.23 „ 

ii its 

12.7 

0.22 1.97 


0.29 

0.014 


0.24 2.06 



0.40 

0.034 

32.7 

0.28 . . . 



. . .V. 

0.039 

28.6 

0.26 . . . 



0.033 

15.0 

0.17 2.21 


0.26 

0.015 

6.0 

0.20 1.66 

0.44 0.42 0.21 

0.21 

0.014 

22.3 

0.24 . . . 




14.0 

0.20 ... 



k 1 

15.0 

0.10 1.33 

0.13 0.61 0.14 

0.07 

0.030 

6.5 

0.13 1.02 

0.10 

0.12 



0.19 1.42 


0.15 



0.20 1.66 


0.57 

0.018 


0.27 1.67 

o.io 6.55 0.12 

0.19 

0.025 

34.7 

0.20 1.48 

0.13 0.38 0.16 

0.10 

0.015 

25.3 

0.19 2.26 

0.56 0.48 0.17 

0.17 

0.013 

21.0 

0.46 . . . 




39.9 

0.23 2.44 

0.41 0.69 6.19 

6.28 

0.040 

47.2 

0.24 2.79 

0.35 0.56 0.25 

0.26 


99.9 

0.29 2.17 

... 0.29 0.19 

0.46 

0.016 

72.6 

0.19 1.70 


0.31 

0.014 


0.20 1.65 

0.18 0.33 0.14 

0.37 

0.010 

30.8 

0.28 2.26 


0.45 



0.21 1.40 

0.17 

0.45 



0.23 1.78 

0.08 0.34 0.41 

0.23 

6.012 

48.5 

0.21 1.43 

0.17 0.64 0.13 

0.25 

0.022 

42.1 

0.16 1.61 

0.17 0.61 0.13 

0.20 

0.019 

17.2 

0.04 0.82 


0.06 



0.16 0.90 

0.03 0.17 0.13 

0.16 

0.009 

28.2 

0.09 1.49 

0,06 0.28 0.15 

0.41 

0.020 

55.8 

0.06 0.87 


0.13 



0.30 1.66 

6.20 0.15 0.32 

0.37 

0.082 


0.10 1.62 

0.25 

0.29 



0.21 1.20 

0.15 

0.16 

0.056 

29.9 . 

0.26 1.22 


0.31 



0.18 1.53 


0.26 



0.18 0.94 


0.22 

6.026 

59.4 ! 

0.20 1.07 


0.21 

0.030 

72.1 . 

0.19 0.94 


0.19 

0.025 

61.2 . 

*0.15 0.82 

, . , >i ... 

0.19 

0,030 

76.2 . 

0.22 0.93 


0.20 

0.026 

40.8 . 

0.10 0.69 


0,26 

0.010 


0,16 1.70 

6.66 o.ii o‘i.4 

0.20 


54.9 . 
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Cal- 

Phos- 

Potas- 

So- 

Chlo- 

Sul- 

Magne- 


Man- 

Cop- 

Feeding stuff 

cium 

phorus 

sirnn 

dium 

rine 

fur 

slum 

Iron 

ganese 

per 


Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Mg. 

Mg. 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

per lb. 

per lb. 

Dry roughages — Cont. 











Oat hay 

0.21 

0.19 

0.83 

0.15 

0.46 


0.16 

0.049 

36.6 


Oat straw 

0.24 

0.09 

2.00 

0.48 

0.70 

0.18 

0.18 

0.018 

13.5 

4.5 

Orchard hay 

0.27 

0.18 

1.92 


0.38 

0.23 

0.21 

0.012 

31.5 

6.7 

Pasture grasses *and clovers. 











mixed, from closely grazed, 











fertile pasture, dried 











( northern states )._ 

0.58 

0.32 

2.18 




0.32 



... 

Pasture grasses, mixed, from 











poor to fair pasture, before 











heading out, dried 

0.41 

0.12 

0.74 




0.10 



■ , , . . 

Pea hay, field 

1.22 

0.25 

1.25 



0.21 

0.33 



. . ; • 

Peanut hay, without nuts, good 

1.20 

0.24 

0.74 




0.37 



....... . 

Peanut hulfo 

0.25 

0.06 

0.82 




0.17 




Prairie hay, western, early-cut 

0.31 

0.19 

0.98 




0.22 

0.008 



Prairie hay, western, cut in 











midseason 

0.33 

0.12 


. ' 



0.25 




Prarie hay, western, mature . 

0.36 

0.08 

0.73 


. . . 


0.26 

0.010 

20.2 

9.5 

Prairie hay, western, mature 











and weathered 

0.41 

0.03 









Red top hay 

0.39 

0.20 

1.72 

0.06 

0.07 

0.24 

0.20 

0.014 

93.3 

1.6 

Rye straw V. 

0.26 

0.09 

0.90 

0.12 

0.22 

0.10 

0.07 

. . . % 

2.8 

1.7 

Rice straw . . . . 

0.19 

0.07 

1.22 

0.29 



0.10 


145.1 


Sorghum fodder, sweet, dry . 

0.34 

0.14 

1.29 


0.56 


0.31 


52.7 


Soybean hay, good,- all anal. 

1.10 

0.22 

1.09 

0.09 


0.26 

0.59 

0 . 02 i 

47.6 

3.6 

Soybean hay, in bloom or 











before .• 

1.29 

0.34 




0.16 

0.64 




Sudan grass hay 

0.36 

0.27 

1.88 



0.05 

0.31 

0.017 

37 . i 


Timothy hay, all analyses . . 

0.35 

0.14 

1.59 

0.16 

0.55 

0.12 

0.17 

0.012 

19.9 

2.0 

Timothy hay, full bloom ... 


0.20 

1.50 

0.16 

0.55 

0.12 

0.12 

0.014 

32.7 

2.0 

Timothy hay, late seed .... 

0.14 

0.15 

1.41 

0.06 

0.52 

0.14 

0.06 

0.024 

42.0 


Timothy & clover hay, )i clover 

0.58 

0.15 

1.60 

0.17 

0.48 

0.13 

0.24 

0.011 

23.5 

2.8 

Vetch hay, common 

i 1.18 

0.32 

2.22 

0.46 


0.09 

0.18 

0.028 

21.5 

4.0 

Wheat grass hay, slender . . 

0.30 

0.24 

2.41 

0.75 


0.10 

0.22 




Wheat straw 

0.15 

0.07 

0.62 

0.13 

0.31 

0.17 

0.11 

0.016 

23 . i 

i .3 

Green Roughages, Roots, etc. 











Alfalfa, green, all analyses , . 

0.40 

0.06 

0.53 

0.04 

0.11 

0.09 

0.08 

0.007 

5.5 

1.0 

Alfalfa, before bloom 

0.45 

0.07 

0.47 

0.04 

0.07 

0.12 

0.05 


2.5 

.... 

Alfalfa, % to full bloom 

0.51 

0.07 

0.55 

0.04 

0.10 

0.08 

0.07 




Apples 

0.01 

0.01 

0.14 

0.01 

0.01 

0.01 

0.05 

o.ooi 

’ 1.4 

‘ 1.0 

Beet tops, sugar 

0.18 

0.04 

1.03 

0.10 

0.04 

0.10 

0.19 

0.003 

4.4 

1.1 

Beets (roots), common ... 

0.03 

0.04 

0.28 

0.10 

0.03 

0.02 

0.02 

0.002 

3.2 

0.6 

Beets (roots), sugar 

0.04 

0.04 

0.25 

0.08 

0.08 

0.01 

0.03 

0.001 

15.3 

0.6 

Bermuda grass, in bloom . . 

0.14 

0.07 

0.55 




0.06 




Bermuda grass pasture .... 

0.14 

0.05 

0.55 




0.06 




Bluegrass, Kentucky, pasture 

0.16 

0.13 

0.59 

0.07 


0.2 0 

0.07 

0.005 

ii'.o 

i .9 

Bluegrass, Ky., headed out . 

0.09 

0.10 

0.73 




0.04 




Bluegrass, Kentucky, in seed 

0,08 

0.13 

0.87 

0.06 

0.17 

0.07 

0.005 

0.012 



Bluestem past., active growth 

0.14 

0.05 

0.46 





0.024 

12.9 

5.7 

Bluestem pasture, mature . . 

0.20 

0.07 

. y.v 


. V > ; 



0.033 

8.5 

3.7 

Bluestem pasture, mature 











s»Tiri wpflfnprprl 

0.36 

0.05 






0.033 

18.0 

8.5 

Bromegrass, smooth, young 










pasture 

0.12 

0.08 

0.79 




0.08 




Cabbage, entire 

0.06 

0.03 

0.24 

0.01 

0.05 

o.ii 

0.02 

o.ooi 

‘ 1.3 

0.6 

Carpet grass pasture 

0.10 

0.04 

0.23 




0.06 

0.007 



Carrots, roots 

0.05 

0.04 

0.25 

6.19 

0.06 

0.02 

0.02 

0.002 

* 1.7 

6.6 
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Feeding stuff 


Green Roughages, Roots, 
etc. — Continued 
Clover, alsike, in bloom . . . 

Clover, crimson 

Clover, Ladino, pasture ... 
Clover, red, all analyses . . . 

Clover, red, pasture 

Clover, red, in bloom 

Clover, sweet, in bloom . . . 
Clover, white, pasture .... 
Clover and mixed grass pas- 
ture, well grazed 

Com fodder, dent 

Corn stover, green (ears re- 
moved ) 

Cowpeas 

Dallis grass pasture ...... 

Fescue, tall, hay stage 

Kafir fodder 

Lespedeza, ann., before bloom 

Mangels, roots % * 

Oat fodder M 

Oat pasture, before heading 
Orchard grass pasture .... 
Pasture grasses and legumes, 
mixed, from well-grazed, 
fertile past., northern states 
Pasture grasses and legumes, 
mixed, from well-grazed, 
fertile past., southern states 
Pasture grasses, from closely- 
grazed poor to fair pasture, 
northern states 

Pasture grasses, western 

plains, young 

Pasture grasses, western 
plains, active growth . . . 
Pasture grasses, western 
plains, mature and weath- 
ered 

Potatoes, tubers 

Rape . 

Red top, pasture 

Red top, in bloom 

Russian thistle .... ... 

Rutabagas, roots ......... 

Rye pasture 

Rye grass, Italian, pasture . . 
Sorghum fodder, sweet .... 
Soybean forage, all analyses 

Soybeans, in bloom 

Soybeans, seed well developed 
Sudan grass, headed to bloom 
Sweet potatoes, roots .... . . 

Timothy, young pasture . . . 

Timothy, in bloom 

Timothy, in seed 

Turnips ........ ........ . 

Turnip tops 


FEEDS AND FEEDING 

Table IV. Mineral matter content — continued . 

Cal- Phos- Potas- So- CMo- Sul- Magne- Man- Cop- 

eium phorus sium dium rine fur sium Iron ganese per 

Per Per Per Per Per Per Per Per Mg. Mg. 

cent cent cent cent cent cent cent cent per lb. per lb. 


0.30 0.06 0.61 0.11 0.18 0.03 0.07 0.011 12.5 

0.24 0.05 0.54 0.07 0.11 0.05 0.05 .... JK 5.4 

0.21 0.07 0.31 0.02 ... 0.02 0.08 O . CC ^ 5.4 

0.41 0.06 0.57 0.05 0.20 0.04 0.09 0.008 13.7 

0.35 0.05 0.47 0.09 

0.48 0.09 0.54 0.05 0.14 - 

0.36 0.07 0.42 0.03 0.11 0.13 0.10 , 0.004 15.6 

0.25 0.09 0.38 0.07 0.11 0.06 0.08 0.006 24.8 

0.23 0.07 0.71 0.17 

0.07 0.05 0.30 0.01 0.05 0.04 0.04 0.002 7.4 

0.14 0.02 0.37 0.01 0.07 0.04 0.05 0.005 14.0 

0.25 0.05 0.27 0.04 0.03 0.05 0.07 0.013 .... 

0.14 0.05 0.43 0.10 0.004 

0.09 0.06 0.60 0.07 

0.09 0.05 0.40 0.07 .... ... 

0.28 0.07 0.32 0.06 0.008 20.2 

0.02 0.02 0.21 0.07 0.13 0.02 0.02 0.002 .... 

0.10 0.09 0.50 0.05 0.14 0.11 0.07 0.003 38.6 

0.06 0.09 0.06 ... 

0.13 0.12 0.63 0.01 . . . 0.05 0.08 0.004 13.4 


0.14 0.08 0.53 


0.09 0.36 ... 0.12 0.06 0.08 0.013 63.5 . . . . 


0.04 0.25 0.03 .. 

0.10 0.45 0.08 0.11 ... 0.04 0.014 12.0 8.2 


0.05 0.56 0.01 0.11 


0.04 0.43 0.01 0.05 ... 


0.05 0.48 0.02 
0.07 0.55 ... 

0.10 0.55 ... 
0.09 0.83 ... 

0.07 2.05 ... 

0.03 0.21 ... 

0.10 ... ... 

0.08 0.40 . . . 

0.03 0.36 0.09 
0.07 0.22 
0.06 0.22 ... 
0.09 0.23 ... 

0.07 0.34 ... 
0.04 0.38 0.02 
0.09 0.50 . . . 
0.08 0.54 0.06 
0.09 0.73 0.03 
0.02 0.26 0.14 
0.06 0.45 0.17 


06 0.02 

.. 0.11 


0.036 29.2 39.9 

0.002 4.0 1.7 

0.003 3.4 0.6 


1 0.003 0.5 


. 0.01 
02 0.04 


0.20 0.04 
0.24 0.06 
0.06 0.04 
0.29 0.04 


.... 14.8 

0.005 13.0 


0.003 9.6 .... 

0.002 1.6 0.6 

0.005 27.5 1.6 

0.012 21.9 .... 

0.001 1.8 0.9 

0.009 27.8 1.2 
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Table IV. Mineral matter content — continued. 


Feeding stuff 

Cal- 

cium 

Phos- 

phorus 

Potas- 

sium 

So- 

dium 

Chlo- 

rine 

Sul- 

fur 

Magne- 

sium 

Iron 

Man- 

ganese 

Cop- 

per 


Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Mg. 

Mg. 

Green Roughages, Roots, 
etc. — Continued 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

per lb. 

per lb. 

Vetch, common 

0.27 

0.07 

0.51 



0.02 

0.04 

0,008 

11.1 

0.9 

Vetch an^lpats pasture .... 

0.10 

0.13 





0.06 



Wheat pasture 

Silages 

0.09 

0.08 





0.06 




Alfalfa, not wilted, no preserv. 

0.35 

0.08 

0.58 

0.04 

0.11 

0.09 

0.09 

0.007 

6.0 

1.1 

Alfalfa, wilted .... * 

0.51 

0.12 

0.84 

0.05 

0.15 

0.13 

0.12 

0.011 

8.5 

1.5 

Atlas sorghum 

0.12 

0.06 

0,33 

0.05 

0.04 


0.10 

0.008 

6.5 

4.7 

Clover, Ladino, and grass . . 

0.31 

0.07 





0.09 




Clover, red 

Corn, dent, well-matured, all 

0.50 

0.07 

6.53 

6.07 

0.26 

6.05 

0.12 

0.010 

17.8 

i*5 

analyses * 

Corn, dent, well-matured, 

0.10 

0.07 

0.30 

0.01 

0.05 

0.04 

0.05 

0.003 

8.8 

0.6 

well-eared 

Corn, dent, well-matured, fair 

0.09 

0.07 

0.27 

0.01 

0.05 

0.04 

0.05 

0.003 

8.8 

0.6 

in ears 

0.09 

0.06 

0.34 



0.03 

0.05 




Com, dent, well-mat., few ears 

0.09 

0.05 

0.37 



0.02 

0.06 




Com, dent, immature 

0.11 

0.07 





0.06 

0.010 



Cowpea, wilted . . . 

0.48 

0.10 

0.88 

0.07 

0.05 

0.01 

0.13 

0.029 



Kafir 

0.07 

0.05 

0.50 




0.08 




Pea, field 

0.38 

0.08 

0.39 



0.07 

0.11 


.... 


Sorghum, sweet 

0.08 

0.05 

0.26 




0.07 

0.005 

5.4 

3.6 

Soybean, wilted 

0.47 

0.12 

0.31 

0.03 


0.10 

0.15 

0.006 

19.9 

1.4 

Sunflower 

0.39 

0.04 

0.66 



0.01 

0.02 


109.0 


Timothy, wilted 

Concentrates 

0.23 

0.12 

0.69 

0.08 

0.27 

1 

0.06 

0.06 

. 

0.005 

16.7 

i.o 

Apple pomace, dried 

0.10 

0.09 

0.43 

0.22 



0.06 

0.027 

3.3 


Babassu oil meal 

Barley, common, not includ- 

0.13 

! 0.71 



0.02 


0.97 

0.035 

140.1 

i8.8 

ing Pacific Coast states . . 

0.06 

0.40 

0.49 

0.06 

0.15 

0.15 

0.13 

0.008 

8.0 

5.8 

Barley feed, high grade .... 

0.03 

0.40 

0.60 



0.05 

0.16 

0.010 

13.9 


Beans, field, or navy 

0.15 

0.57 

1.27 

0.09 

0.04 

0.23 

0.17 

0.012 

8.4 

4.5 

Beans, lima 

0.09 

0.37 

1.70 

0.03 

0.03 

0.20 

0.18 

0.010 

7.3 

3.7 

Beet pulp, dried 

0.69 

0.08 

0.18 

0.17 

0.04 

0.20 

0.27 

0.030 

15.9 

5.7 

Beet pulp, molasses, dried . . 
Blood flour, or sol. blood meal 

0.57 

0.07 

1.63 



0.39 

0.17 




0.64 

0.48 

0.41 

6.33 

0.25 

0.60 

0.04 

6.276 

’ 2.9 

3.7 

Blood meal 

0.32 

0.25 

0.09 

0.32 

0.27 

0.33 

0.22 

0.376 

2.4 

4.5 

Bone meal, cooked 

22.96 

10.25 

0.23 

0.74 

0.09 

0.12 

0.35 

0.044 

3.9 

8.5 

Bone meal, steamed 

30.14 

14.53 

0.18 

0.46 


0.22 

0.61 

0.084 

13.8 

7.4 

Bone meal, steamed, solvent 

32.11 

14.23 




0.22 

0,64 

0.096 

25.9 

8.3 

Brewers’ grains, dried 

0.29 

0.48 

0.10 

6.26 

6. is 

0.31 

0.14 

0.025 

17.1 

9.7 

Buckwheat 

0.09 

0.31 

0.45 





0.004 

15.4 

4.3 

Buttermilk 

0.14 

0.08 

0.07 

o’.io 

0.04 

0.01 

0.06 




Buttermilk, condensed .... 

0.44 

0.26 

0.23 

0.31 

0.12 

0.03 

0.19 




Buttermilk, dried 

1.40 

0.98 

0.71 

0.95 

0.36 

0.08 

0.48 

o.oi6 

* 1.6 


Citrus pulp, dried 

2.04 

0.15 

0.62 



. . . , 

0.16 

3.1 

2.6 

Citrus seed meal 

Coconut oil meal, exp. or 

1.00 

0.64 

1.31 




0.60 

0.029 

3.4 

3.0 

hydr. process 

Coconut oil meal, solv. proc. 

Corn , dent , from National 
Research Council nation- 
wide survey, good corn 

0.21 

0.17 

0.64 

0.61 

1.95 

0.04 

0.03 

0.34 

0.36 

0.068 

34.3 

4.3 

: year. 

Corn, dent, Grade No. 1 ... 

0.02 

0.28 

0.29 

0.01 

0.04 

0.12 

0.10 

0.002 

2.5 

1.9 
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Table IV. Mineral matter content — continued . 


Feeding stuff 

Cal- 

cium 

Phos- 

phorus 

Potas- 

sium 

So- 

dium 

Chlo 

rine 

Sul- 

fur 

Magne- 

sium 

Iron 

Man- 

ganese 

Cop- 

per 


Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Mg. 

Mg. 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

per lb. 

per lb. 

Concentrates — Cont. 










Com, dent, Grade No. 2 ... 

0.02 

0.27 

0.29 

0.01 

0.04 

0.12 

0.10 

0.002 

2.4 

1.8 

Corn, dent, Grade No. 3 ... 

Com, dent , from National 

0.02 

0.27 

0.28 

0.01 

0.04 

0.12 

0.10 

0.002 


1.8 

Research Council nation- 
wide survey , in year with 
much soft corn. 








■0.002 



Corn, dent, Grade No. 2 ... 

0.02 

0.26 

0.28 

0.01 

0.05 


0.11 

2.2 

0.7 

Corn, dent, Grade No. 3 ... 

0.02 

0.26 

0.28 

0.01 

0.04 


0.11 

0.002 

2.2 

0.7 

Corn, dent, Grade No. 4 ... 

0.02 

0.25 

0.27 

0.01 

0.04 

* • • 

0.11 

0.002 

2.1 

0.7 

Com, dent, Grade No. 5 ... 

0.02 

0.24 

0.26 

0.01 

0.04 

• • . 

0.10 

0.002 

2.0 

0.7 

Corn ears, includ. kernels & 











cobs ( corn-and-cob meal ) 

0.04 

0.22 

0.40 






>.* * * * 

.... 

Com bran 

0.04 

0.14 

0.56 


0.05 

0.08 

0.26 


7.3 


Corn feed meal 

0.03 

0.34 

0.28 

o.io 


0.11 

0.19 


2.2 


Com gluten feed 

0.41 

0.80 

0.54 

0.95 

0.22 

0.22 

0.29 

0.046 

10.8 

2L7 

Corn gluten meal 

Com meal, degerminated. . . 

0.14 

0.01 

0.41 

0.14 

0.02 

0.10 

0.07 


0.05 

0.040 

0.002 

3.3 

12.8 

0.4 

Com oil meal, exp. or hydr. . 
Corn oil meal, solvent .... 
Cottonseed, whole 

0.06 

0.03 

0.56 

0.50 

0.13 


0.11 

.... 

0.28 

0.021 

0.032 

5.0 

7.5 

5.3 

5.9 

0.14 

0.68 

1.11 

0.29 


0.24 

0.32 

0.014 

5.5 

22,7 

Cottonseed, whole-pressed . 

0.17 

0.64 

1.25 




0.36 




Cottonseed feed, below 36% 











protein 

0.26 

0.83 

1.22 

0.06 

0.02 

0,26 

0.49 




Cottonseed meal or cake, 











45% protein or more . . . 

0.23 

1.12 





0.55 

0.018 

9.3 

11.1 

Cottonseed meal or cake, 
43% protein grade, not 











including Texas analyses . 

0.23 

1.07 

1.45 



0.48 

0.62 

0.097 

.... 

..... 

Cottonseed meal or cake, 
41% protein grade, not 











including Texas analyses . 
Cottonseed meal, 41% pro- 

0.20 

1.11 

1.48 

0.07 

0.05 

0.40 

0.52 

0.016 

10.4 

8.4 

tein grade, solvent process 


1.19 

1.47 

0.05 

0.04 

0.21 

0.58 

0.015 

9.1 

9.7 

Cowpea seed 

0.10 

0.46 

1.30 

0.27 

0.04 

0.25 

0.26 

0.036 

18.2 

2.0 

Crab meal 

Distillers dried corn grains, 

15.15 

1.63 

0.45 

1.03 

1.52 

0.32 

0.88 

0.436 

60.8 

14.9 

without solubles 

0.11 

0.48 

0.24 

0.10 

0.05 

0.47 

0.08 

0.024 

11.8 

20.5 

Distillers dried corn grains. 









with solubles 

0.16 

0.74 

0.65 

0.36 

0.17 

0.30 

0.25 

0.031 

12.9 

28.0 

Distillers dried rye grains . . 

0.13 

0.43 

0.04 

0.17 

0.05 

0.44 

0.17 


8.4 


Distillers dried com solubles 

0.33 

1.39 

1.74 

0.24 

0.26 

0.37 

0.64 

0.055 

33.4 

37.6 

Fish meal, herring 

2.97 

2.08 



1.06 



4.5 


Fish meal, menhaden 

Fish, meal, salmon 

5.30 

5.49 

2.81 

3.65 



0.32 



0.056 

0.018 

0.030 

11.7 

3.6 

10.1 

6.5 

3.8 

5.4 

9.2 * 

Fish meal, sardine 

Fish meal, white fish 

4.41 

6.76 

2.57 

3.69 

0.33 

0.18 

0.41 


0.10 

Fish -solubles, condensed . . 

0.17 

0.82 


2 . is 

2,62 

0.12 

0.02 

0.003 

7.6 

18.9 

Flaxseed 

0.22 

0.52 

0.79 



0.23 

0.40 

0.009 

27.7 

Hominy feed, 5% fat or more 

0.05 

0.57 

0.61 

o.is 


0.03 

0.23 

0.008 

6.9 

5.5 

Kafir grain 

Kelp, dried 

Linseed meal, exp. or hydr. 

0.03 

2.48 

0.31 

0.28 

0.34 

0.06 

0.10 

0.16 

0.15 

0.85 

0.001 

7.4 

3.0 

process, all analyses .... 

0.37 

0.86 

1.24 

0.11 

0.04 

0.38 

0.58 

0.017 

17.9 

12.0 

Linseed meal, exp. or hydr., 








37% protein grade 

0.39 

0.86 

1.10 

0.06 

0.04 

0.42 

0.60 




Linseed meal, solvent proc- 
ess, 36% protein grade .. 











0.40 

0.83 

1.38 

0.14 

0.04 


0.60 

0.033 

17.1 

11.7 



r 
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Feeding stuff 


Cal- 

cium 


Per 

cent 


Phos- 

phorus 


Per 

cent 


Potas- 

sium 


So- 

dium 


Chlo- 

rine 


Sul- 

fur 


Magne- 

sium 


Iron 


Man- 

ganese 


Cop- 

per 


Concentrates — Cont. 


Linseed meal, exp. or hydr.. 


34% protein guarantee . . 

0.41 

0.85 

Linseed nfcfel, exp. or hydr., 



’§2% protein guarantee . . 

0.32 

0.88 

Liver, meal, animal ....... 

0.62 

1.27 

Malt, barley 

0.08 

0.47 

Malt sprouts - 

0.26 

0.79 

Meat scrap, or dry-rendered 



tankage, 55% pro. grade 

8.49 

4.18 

Meat and bone scrap, or dry- 



rendered tankage with 



bone, 50% protein grade 

10.67 

5.27 

Milk, cows 

0.12 

0.10 

Millet seed, hog, or proso . . 

0.05 

0.30 

Milo grain 

0.03 

0.28 

Molasses, beet 

0.05 

0.02 

Molasses, beet, Steffen's proe. 

0.11 

0.02 

Molasses, cane, or blackstrap 

0.66 

0.08 

Molasses, citrus 

1.08 

0.08 

Oat kernels, without hulls 



(oat groats) 

0.08 

0.46 

Oat meal, feeding, or rolled 



oats 

0.07 

0.46 

Oat middlings ........... 

0.08 

0.45 

Oat mill by-product 

0.18 

0.20 

Oats, grain 

0.09 

0.33 

Palm-kernel oil meal 


0.69 

Peanut kernels, without hulls 

0.06 

0.44 

Peanut oil meal, exp. or hydr. 

0.16 

0.54 

Pineapple bran, or pulp, dried 

0.28 

0.08 

Potato meal, or dried potatoes 

0.07 

0.20 

Rice, brown 

0.04 

0.25 

Rice bran 

0.08 

1.36 

Rice grain, or rough rice . . 

0.08 

0.32 

Rice polishings, or rice polish 

0.05 

1.18 

Rye grain 

0.10 

0.33 

Rye feed 

0.08 

0.69 

Skimmilk, centrifugal 

0.13 

0.10 

Skimmilk* dried 

1.28 

1.04 

Sorghum gluten feed 

0.09 

0.59 

Sorghum gluten meal 

0.02 

0.17 

Soybean seed 

0.25 

0.59 

Soybean oil meal, exp. or 



hydr., all analyses 

0.27 

0.63 

Soybean oil meal, solv., all an. 

0.29 

0.64 

Sunflower seed 

0.17 

0.52 

Sunflower seed, hulled .... 

0.20 

0.96 

Sunflower-seed oil meal, from 



well-hulled seed 

0.26 

1.22 

Tankage, or meat meal, di- 



gester proc., 60% prot. gr. 

6.37 

3.23 

Tankage, or meat meal, di- 



gester proc., 55% prot. gr. 

7.33 

3.93 

Velvet bean seeds and pods 



(velvet bean feed) 

0.24 

0.38 

Wheat grain, aver, of all types 

0.04 

0.39 

Wheat bran, all analyses ... 

0.13 

1.29 


Per 

Per 

Per 

Per 

Per 

Per 

Mg. 

Mg. 

cent 

cent 

cent 

cent 

cent 

cent 

per lb. 

per lb. 

1.14 

0.15 

0.04 

0.40 

0.52 

0.024 

19.1 

11.8 

1.40 

0.07 

0.04 

0.36 

0.54 

0.012 

17.4 

11.8 






0.063 

4.0 

40.5 

0.43 

0.08 



0.18 

0.006 

8.4 

2.5 

0.21 

1.36 

0.36 

0.80 

0.18 


14.4 


0.55 

1.68 

1.31 

0.50 

0.27 

0.044 

4.3 

4.4 

1.46 

0.73 

0.75 


1.13 

0.050 

5.6 

0.7 

0.14 

0.05 

0.20 





0.02 

0.43 




die 




0.35 

0.01 

0.08 


0.13 

0.004 

6.0 

7.3 

4.77 

1.17 

1.27 

0.48 

0.23 

0.005 

2.1 

8.0 

4.66 

0.92 

1.99 

0.44 

0.01 




3.67 

0.17 

2.75 

0.34 

0.35 

0.019 

19.2 


0.09 

0.27 

0.07 


0.14 

0.034 

11.8 

33.1 

0.39 

0.05 

0.09 

0.20 

0.15 

0.010 

13.0 

2.9 

0.37 

0:14 

0.02 

0.26 

0.16 

0.006 

18.7 

2.4 

0.57 





0.038 

20.0 


0.60 

0.04 

0.10 

0.12 

0.08 

0.005 


2.3 

0.43 

0.09 

0.12 

0.21 

0.16 

0.007 

19.9 

3.8 

0.42 





0.017 

101.6 

19.3 

0.54 

0.56 

0.02 

0.25 

0.18 




1.15 

0.42 

0.03 

0.18 

0.24 

0.054 



1.97 


0.36 



1.3 




0.08 



0.001 

9.2 

i*2 

1.74 


0.07 

0.i8 

0.95 

0.019 

189.9 

5.9 

0.34 


0.09 


0.14 




1.17 

0.11 

0.13 

0.17 

0.65 




0.47 

0.04 

0.02 

0.16 

0.12 

0.008 

37.0 

3.4 

0.83 



0.04 

0.23 




0.15 

V". 


0.03 

0.01 

0.0005 

* o.i 

6.5 

1.46 


. . . 

0.32 

0.12 

0.005 

1.0 

5.2 

1.45 




0.44 


22.0 


0.50 




0.16 


7.3 


1.50 

0.22 

0.03 

0.22 

0.28 

0.008 

13.4 

7.1 

1.77 

0.24 

0.07 

0.33 

0.25 

0.016 

14.7 

8.2 

1.92 

0.34 


0.43 

. 0.27 

0.013 

12.5 

6.5 

0.66 





0.003 

9.8 


0.92 

0.03 

o.oi 

0.02 

0.38 




1.08 


0.19 




10.4 


0.46 

1.67 

1.75 

0,70 

0.70 

0.213 

8.7 

17.6 






0.152 

3.2 

9.1 

1.20 

0.14 

0.22 

0.15 

0.21 

0.013 



0.42 

0.06 

0.08 

0.20 

0.14 

0.006 

19.9 

3.7 

1.23 

0.06 

0.04 

0.22 

0.59 

0.017 

52.6 

5.3 
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Table IV. Mineral matter content — continued. 


Concentrates — Cont. 

Wheat flour middlings 

Wheat germ meal 

Wheat mixed feed 

Wheat red dog 

Wheat standard middlings . . 
Whey, from cheddar cheese 

Whey, dried 

Yeast, brewers" dried 

Yeast, torula, dried 

Farm Animals 

( not including contents 
of digestive tract) 

Beef calf, at birth 

Beef calf, wt. 250 lbs 

Beef calf, wt. 450 lbs 

Beef steer, fat, wt. 1,110 lbs. 
Beef steer, very fat, wt. 1,850 


Lamb, fat 

Sheep, before fattening 

Sheep, fat 

Pig, before fattening . . 
Pig, fat 

Wool 

Wool, unwashed 


Cal- 

cium 

Phos- 

phorus 

Potas- 

sium 

So- 

dium 

Chlo- 

rine 

Sul- 

fur 

Magne- 

sium 

Iron 

Man- 

ganese 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Mg. 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

per lb. 

0.09 

0.71 

0.89 

0.07 

0.04 

0.20 

0.32 



0.08 

1.11 

0.29 

0.71 

0.07 

0.32 

0.34 

, o . 6 ii 

72.5 

0.11 

1.09 

1.28 

0.22 



0.51 

o.oio 

> 6.7 

0.07 

0.51 

0.60 

0.66 

0.14 

0.26 

0.29 

0.606 

* T 7.1 

0.09 

0.93 

1.04 

0.22 

0.03 

0.23 

0.37 

0.010 

53,8 

0.05 

0.04 

0.19 





0.002 

0.1 

0.86 

0.72 




1.04 


0.021 

2.4 

0.13 

1.56 

1.72 

0.07 


0.38 

0.23 

0.013 

2.6 

0.57 

1.68 

1.88 

0.01 

* * * 


0 . 13 " 

0.009 

5.8 

1.25 

0.68 

0.22 

0.21 

0,16 

0.17 

0.05 

0.02 

f: 

1.36 

0.80 

0.24 

0.20 

0.13 

0.16 

0.04 

0.02 


1.11 

0.65 

0.22 

0.18 

0.12 

0.15 

0.04 

0.01 


1.47 

0.79 

0.20 

0.16 

0.11 

0.14 

0.04 

0.02 


0.94 

0.51 

0.12 

0.10 

0.07 

0.10 

0.03 

0.01 


0.92 

0.49 

0.14 




0.03 



0.94 

0.52 

0.14 



* * * 

0.03 



0.85 

0.45 

0.12 




0.03 



0.77 

0.46 

0.16 




0.03 



0.45 

0.29 

0.11 




0.02 



0.13 

0.03 

4.67 




0.02 


.... 
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Tables V. Vitamin Content of Feeding Stuffs 


Vitamin content data. — To furnish 
as complete information as possible con- 
cerning the vitamin content of important 
feeding stuffs, the following compilations 
of vitamin analyses have been made for 
this twenty-second edition of Feeds and 
F^ding.%-. .. 3 

The average values given in these 
tables must' be considered only very ap- 
proximate, because information on the 
amounts of vitamins* in feeds is still very 
limited. Also, the amounts of a certain 
vitamin in various lots of any particular 
feed may vary widely. (189) 

In the^various divisions of the tables, 
a dash ( — ) indicates that the feed con- 
tains none or no significant amount of 
the vitamin. A star (*) shows that in- 
formation is not available concerning the 
content of the vitamin. Where a value is 
an average of less than 5 analyses, it is 
printed in italics in Table V, instead of 
in ordinary type. 

The amount of each vitamin is 
shown in milligrams per pound of feed 
as fed to livestock, and not on the dry 
matter basis. The amounts are thus stated 
(instead of in percentages), because the 
weights of vitamins in feeds are very 
small. 

Sources of data. — Much of the in- 
formation in these tables has been ob- 
tained from the following sources: The 
first is the extensive compilation of vita- 
min analyses by Ellis and Madsen of the 
United States Department of Agriculture, 
published in United States Department 
of Agriculture Mimeographed Circular 
61 . 

The second is the compilation made 


by the late Frank E. James, executive 
secretary of the Committee on Feed 
Composition of the National Research 
Council, of which the author is a mem- 
ber. The author cooperated in this com- 
pilation, by furnishing data which he 
had compiled. This compilation was pub- 
lished in mimeographed form by the Na- 
tional Research Council in 1947, as a 
report of the Committee on Feed Com- 
position. 

The third is a compilation of analy- 
ses of by-product concentrate feeding 
stuffs, made by Donald E. Miller, tech- 
nical secretary of the Committee on Feed 
Composition. This compilation has re- 
cently been published in preliminary 
form by the National Research Council. 
The author cooperated in this compila- 
tion by furnishing data which he had 
compiled largely from published reports 
of the state agricultural experiment sta- 
tions and the United States Department 
of Agriculture. 

Carotene, vitamin A activity, and 
B-complex vitamins. — The main table 
(Table V.) shows the approximate con- 
tent of important feeds in carotene and 
in certain B-complex vitamins (thiamine, 
riboflavin, niacin, and pantothenic acid), 
so far as data are available. 

Since the carotene content in feeds 
of the same name varies so widely, espe- 
cially in the case of roughages, the fol- 
lowing summary by Guilbert of the Cali- 
fornia Station is very helpful. (National 
Research Council, Recommended Nutri- 
ent Allowances for Beef Cattle, 1945.) 
This indicates the common range in caro- 
tene content in various types of feeds. 


Range in carotene content of various types of feeds 

Carotene 
Mg. per lb. 

Fresh green legumes and grasses, immature 15 to 40 

Alfalfa meal, dehydrated, fresh, dehydrated without field curing, very 

bright green color . 110 to 135 

Alfalfa meal, dehydrated, after considerable time in storage, bright green 

color 50 to 70 

Alfalfa leaf meal, bright green color 60 to 80 

Legume hays, including alfalfa, very quickly cured with minimum sun ex- 
posure, bright green color, leafy 35 to 40 

Legume hays, including alfalfa, good green color, leafy 18 to 27 

Legume hays, including alfalfa, partly bleached, moderate amount of green 
color 


9 to 14 
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Range in carotene content of various types of feeds continued , . 


Carotene 
Mg. per lb. 


Legume hays, including alfalfa, badly bleached or discolored, traces of 

green color .............. ••••■•-• 4 to 

Nonlegume hays, including timothy, cereal, and prairie hays, well cured, 

good green color ® *° 

Nonlegume hays, average quality, bleached, some green color — ■ 4 to 

Legume silage * * * ~ /r *° 

Corn and sorghum silages, medium to good green color * * to 

Grains, mill feeds, protein concentrates, and by-product concentrates, ex- 
cept yellow corn and its by-products 0.01 to 


In addition to the amounts of caro- 
tene given in the first column of figures 
in the main table which follows immedi- 
ately, the second column states the ap- 
proximate vitamin A activity, measured 
in International Units of vitamin A. These 
values have been computed on the as- 
sumption that 0.6 microgram (0.0006 
milligram) of carotene is equivalent to 1 
International Unit of vitamin. As has 
been shown previously, this is the ap- 
proximate relative value of carotene and 
vitamin A for poultry and for rats. ( 193, 
1517) For cattle, sheep, horses, and 
swine, the relative vitamin A value of 
carotene is much less than this. 

Other B-complex vitamins. — But lit- 
tle information is available concerning 
the amounts in feeds of the other B- 


complex vitamins which are not included 
in the main table r The approximate 
amounts of biotin, choline, folic acid, and 
pyridoxine in some important feeds are 
shown in Table Va. Since betaine can 
partially replace choline in fraction, the 
amounts of betaine in certain feeds are 
also stated in this table. (218) 

Table Vb shows the approximate 
content of vitamin B 12 in the few feeds in 
which the content has been determined. 

Vitamin D and Vitamin E. — Very 
little information has been obtained con- 
cerning the amounts of these vitamins in 
various feeds. The available data are 
given in Tables Vc and Vd. The general 
information about the content of these 
vitamins is summarized in Chapter VII. 
( 204-205, 223) 


Table V. Vitamin content of feeding stuffs 


Feeding stuff 

Carotene 

j 

Vitamin A 
activity 

Thia- 1 
mine 

Ribo- 

flavin 

Niacin 

Panto- 

thenic 

acid 


Mg. 

I.U. 

Mg. 

Mg. 

Mg. 

Mg. 

Dry Roughages 

per lb. 

per lb. 

per lb. 

per lb. 

per lb. 

per lb. 

Alfalfa hay, all analyses 

8.2 

13,667 

1.3 

6.2 

17.4 

8.1 

Alfalfa hay, U.S. Grade No. 1 

20.3 

33,833 

1.4 

7.7 

18.0 

9.0 

Alfalfa hay, U.S. Grade No. 2 

8.5 

14,167 

* 

p 

p 

p 

Alfalfa hay, U.S. Grade No. 3 

3.3 

5,500 

p 

* 

i p 

p 

Alfalfa hay, barn-dried 

12.8 

21,333 

p 

* 

p 

p 

Alfalfa hay, cured in rainy and cloudy 







weather 

2.7 

4,500 

* 

p 

p 

p 

Alfalfa leaf meal, dehydrated 

62.9 

104,833 

2.5 

6.9 

18.0 

15.3 

Alfalfa meal, dehydrated, 20% protein 






guarantee 

54.8 

91,333 

3.1 

7.0 

17.3 

18,5 

Alfalfa meal, dehydrated, 17% protein 







guarantee 

42.4 

70,667 

1.5 

6.1 

8.7 

12.3 

Alfalfa meal, sun-cured, 17% protein 






guarantee 

24.0 

40,000 

1.1 

5.0 

16.1 

12.7 

Alfalfa meal, dehydrated, 15% protein 






guarantee 

28.8 

48,000 

* 

5.0 

: P 


Alfalfa meal, dehydrated, 13% protein 







guarantee 

Alfalfa meal, sun-cured, 13% protein 

26.0 

43,333 

p 

4.7 

P 

' p 





guarantee 

Alfalfa stem meal 

9.5 

15,833 

* 

4.4 

P 

p 

14.0 

23,333 

* 

p 

P 

p 
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Table V. Vitamin content of feeding stuffs — continued. 


Feeding stuff 


Dry Roughages — Cont. 

Alfalfa-bromegrass hay 

Alf$Jfe-gra% mixed hay 

Alfalfa-grass mix$l hay, mostly grass, 

U.S. Grade No. 1 

Alfalfa-grass mixed hay, mostly grass, 

U.S. Grade No. 2 

Alfalfa-grass mixed hay, barn-dried . . 

Atlas sorghum stover 

Bermuda grass hay 

Birdsfoot trefoil hay, before bloom, 

barn-dried 

Bluegrass ha?% Kentucky 

Bluegrass, Kentucky, dehydrated .... 

Bromegrass hay 

Cereals, young, dehydrated 

Clover, Ladino, and grass hay, before 

bloom, barn-dried 

Clover, Ladino, and timothy hay .... 
Clover, Ladino, & timothy, dehydrated 

Clover hay, red, all analyses 

Clover hay, red, U.S. Grade No. 1 . . 
Clover hay, red, U.S. Grade No. 2 . . 
Clover hay, red, cured in rainy weather 

Clover and grass hay . . . . ; 

Clover and grass hay, barn-dried .... 
Clover and grass hay, second cutting 

Corn fodder, dry 

Cottonseed hulls 

Cottonseed hull bran 

Grass hay, first cutting 

Grass hay, second cutting 

Hegari fodder, dry 

Hegari stover, dry 

Johnson grass hay 

Kudzu hay 

Lespedeza hay, annual 

Lespedeza hay, sericea 

Mixed hay, grasses and legumes, first 

cutting 

Mixed hay, grasses and legumes, sec- 
ond cutting 

Mixed hay, grasses and legumes, barn- 

dried 

Peanut hay 

Pea vines, from canning factory, dehy- 
drated . 

Prairie hay, good quality 

Prairie hay, cut very late 

Red top hay, cut late 

Sorghum fodder, sweet, dry 

Soybean hay, pods forming 

Soybean hay, late-cut 

Timothy hay, all analyses 

Timothy hay, U.S. Grade No. 1 

Timothy hay, U.S. Grade No. 2 

Timothy hay, U.S. Grade No. 3 

Timothy hay, barn-dried 


Carotene 

Vitamin A 
activity 

Thia- 

mine 

Ribo- 

flavin 

Niacin 

Panto- 

thenic 

acid 

Mg. 

I.U. 

Mg. 

Mg. 

Mg. 

Mg. 

per lb. 

per lb. 

per lb. 

per lb. 

per lb. 

per lb. 

6.7 

11,167 


2.9 

11.7 

10.2 

7.7 

12,833 



0 



19,883 

29.167 

12.833 

34.333 

32.833 

229,833 

226,600 

135,500 

12,667 

109,667 

12.167 

18.333 

10.500 
3,000 

10.167 

13.167 

22.500 
3,000 


10.333 

19.333 

3.333 

1.833 

21.500 

29.667 
34,000 

26.500 

10.667 

25.500 

26.333 

13.333 

49.500 
15,167 

6,000 

2.833 

1.833 

22.667 

5.000 

7.333 

15.333 

7.000 
4,167 

31.667 


hr 

,3 ■ . 


i 

: 


\ 
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FEEDS AND FEEDING 


Table V. Vitamin content of feeding stuffs — continued . 


Feeding stuff 

Carotene 

Vitamin A 
activity 

Thia- 

mine 

Ribo- 

flavin 

Niacin 

Panto- 

thenic 

acid 


Mg. 

I.U. 

Mg. 

Mg. 

Mg. 

Mg, 

Green Roughages, Roots, etc. 

per lb. 

per lb 

per lb. 

per lb. 

per lb. 

per lb. 

Alfalfa, green 

28.3 

47,167 

0.7 

2.1 

8.2 

ft 

Alfalfa and grass 

22.2 

37,000 

«* 

ft 


ft 

Apples 

# 

ft 

0.2 

o.i 

*2.5 

• ■«j N ft 

Barley, green 

20.9 

34,833 

ft 

% 

ft 

■ -ft 

Bermuda grass, green 

38.5 

64,167 

ft 

ft .. 

ft 

ft 

Bluegrass pasture, Kentucky 

36.0 

60,000 

1.2 

ft 

ft : 

ft 

Bluestem, big, green 

17.9 

29,833 

# - 

ft 

* 

ft.. 

Bluestem, mature and weathered .... 

0.6 

1,000 

ft 

& 

r 

ft 

ft 

Bromegrass, smooth, green 

31.6 

52,667 

ft 

* 

ft 

ft 

Buffalo grass, mature 

12.0 

20,000 

ft 


ft 

ft 

Cabbage 

0.2 

833 

0.3 

0.2 

1.3 

■ ft ■" ; 

Carrots 

\ 48.1 

80,167 

0.3 

0.3 

6.7 

0.9 

Clover, crimson, and rye-grass pasture 

34.0 

56,667 

ft 

* 

r* * 

# 

Clover, Ladino, green 

25.2 

42,000 

* 

1.8 

« 

■ ft ' 

Clover, Ladino, and tall fescue pasture 

29.7 

49,500 

ft 

* 

ft 

ft 

Clover, red, green 

20.9 

34,833 

ft' 

« 

9.1 

ft' 

Clover and grass, hay stage 

19.2 

32,000 

ft 

ft 

# 

ft 

Corn fodder, green 

8.6 

14,333 

* 


ft 


Lawn clippings 

43.1 

71,833 

ft 

* 

ft 

» 

Lovegrass, weeping, young growth . . 

115.3 

192,167 

ft_ 

ft 

* 


Mixed legumes and grasses, hay stage 

18.1 

30,167 

ft 

* 

ft 

ft 

Oats, green 

27.0 

45,000 

* 

» 

ft 

. ft 

Orchard grass, green 

26.6 

44,333 

0.8 


« 

ft 

Pasture grasses and legumes, northern 







states, good pasture 

36.0 

60,000 

ft 

1.8 

18.6 

* 

Pasture grasses, western plains, young 







growth 

62.9 

104,833 



ft 

» 

Pasture grasses, western plains, summer 

40.3 

67,167 



» 

ft 

Pasture grasses, western plains, mature 

4.9 

8,167 

ft 

«> 

! " , ft' 

ft 

Pasture grasses, western plains, mature 







and weathered 

2.2 

3,667 | 

» 

«■ 

[ ft 

* 

Potatoes 



— 

0.7 

0.1 

5.0 

2.9 

Rutabagas 

ft 

* 

0.3 



ft 

Rye grass, perennial 

21.5 

35,833 

ft 



. ft 

Soybean forage 

37.8 

63,000 

« 

ft 


« 

Sudan grass 

21.5 

35,833 

ft 

• ft 


ft 

Sweet potatoes 

27.2 

45,333 

0.4 

0.4 

6.1 

5.0 

Sweet potatoes, deep yellow, high 







carotene 

62.2 

103,667 

ft 

ft 

ft 

ft 

Timothy, green 

24.2 

40,333 

« 

ft 

ft 

ft 

Turnips 

— 

— 

0.4 

0.2 

3.1 

0.8 

Wheat forage 

20.2 

33,667 

* 

ft 

* 

* 

Silages 







Alfalfa, not wilted 

15.1 

25,167 

ft 



ft 

Alfalfa, wilted 

11.4 

19,000 

» 


'ft 

* 

Alfalfa-molasses, not wilted 

14.5 

24,167 

ft 

* 

* 


Alfalfa-phosphoric acid 

15.9 

26,500 

ft 

ft 


* 

Atlas sorghum 

3.3 

5,500 

# 

# 

* 


Beet top, sugar 

5.1 

8,500 

ft 

* 

ft 

* 

Clover, Ladino, and grass 

15.6 

26,000 



ft 


Corn, dent 

5.8 

9,667 

ft 

# 

5.7 


Grass silage, with small proportion of 







legumes, not wilted 

20.7 

34,500 

ft 


5.7 


Grass silage, with small proportion of 







legumes, wilted 

6.2 

10,333 

ft 


* 

* 

Legume-grass, mostly legumes 

17.1 

28,500 

« 



# 


APPENDIX 

Table V. Vitamin content of feeding stuffs — continued. 



Feeding stuff 


* Silages — Cont. 

Millet 

Oats . . . . a 

PopPWne, ^from cannery . . . 

Sorghum, sweet ** 

Soybean 

Timothy 


Concentrates 


Babassu oil meal 

Barley 

Beans, field, or navy 

Beans, kidney 

Beans, lima # 

Beans, mung 

Beans, pinto 

Beet pulp, dried 

Blood flour, or soluble blood meal 

Blood meal 

Bone meal, cooked 

Bone meal, steamed 

Bone meal, steamed, special 

Brewers" dried grains 

Buckwheat 


Buttermilk . 

Buttermilk, condensed 

Buttermilk, dried 

Chick peas 

Citrus molasses 

Citrus pulp, dried 

Coconut oil meal, expeller or hydraulic 

Cod-liver oil meal 

Corn , dent, from National Research 
Council nationwide survey, good 
corn year 

Corn, yellow dent. Grade No. 1 

Corn, yellow dent. Grade No. 2 

Corn, yellow dent. Grade No. 3 

Corn , dent , from National Research 
Council nationwide survey , in year 
with much soft corn 

Corn, yellow dent, Grade No. 2 

Corn, yellow dent. Grade No. 3 

Corn, yellow dent, Grade No. 4 ..... 
Corn, yellow dent, stored 2 years .... 
Corn, white dent 

Corn, pop 

Corn, snapped, or ear-corn chops with 

husks 

Corn, sweet, mature 

Corn bran 

Com feed meal 

Com germ meal 

Corn gluten feed 

Com gluten meal 

Com meal, degerminated, white 

Com meal, degerminated, yellow 


Vitamin A 
Carotene activity 


per lb. 

14,667 

29.500 
35,000 

4,500 

24,333 

23.500 


1.3 

2,167 

1.7 

0.5 

10.0 

2.5 

1.3 

2,167 

1.7 

0.5 

9.8 

2.4 

1.3 

2,167 

1.7 

0.5 

9.6 

2.4 


1.3 

2,167 

1.6 

1.3 

2,167 

1.6 

1.2 

2,000 

1.5 

1.1 

1,833 

# 

— 

2.2 







* 





2.2 



1.5 



9.0 

3.8 

6,333 

0.9 

7.4 

12,333 

0.1 



— 

0.7 


* 

0.3 


0.6 

9.9 

3.1 

0.6 

9.7 

3.0 

0.6 

9.4 

3.0 

a 

# 

# 

0.6 

7.1 

1.7 

0.5 

7.8 

1.5 

0.6 

* 

# 

0.8 

14.6 

3.7 

0.7 

19.1 

2.4 

0.5 

10.3 

# 

1.4 

18.5 

2.3 

1.1 

32.7 

7.8 

0.7 

22.7 

4.7 

0.3 

4.7 

1.4 

0.2 
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FEEDS AND FEEDING 

Table V. Vitamin content of feeding stuffs — continued. 


Feeding stuff 


Concentrates — Con t. 

Com oil meal, expeller or hydraulic 

process 

Corn oil meal, solvent process 

Cottonseed meal or cake, hydraulic or 

expeller process 

Cottonseed meal or cake, solvent proc- 
ess 

Cottonseed, whole pressed 

Cowpea seed 

Crab meal 

Distillers dried corn grains, without 

solubles 

Distillers dried corn grains, with sol- 
ubles 

Distillers dried rye grains 

Distillers dried sorghum grains, with 

solubles . . 

Distillers dried wheat grains 

Distillers dried wheat grains, with sol- 
ubles 

Distillers dried corn solubles 

Distillers dried rye solubles 

Distillers dried sorghum solubles .... 

Distillers dried wheat solubles 

Fermentation solubles, corn, dried . . . 

Fermentation solubles, dried 

^/Fish meal 

Fish meal, herring 

Fish meal, menhaden 

Fish meal, redfish 

Fish meal, salmon 

Fish meal, sardine 

Fish meal, white fish 

Fish solubles, condensed 

Fish solubles, condensed, menhaden . 
Fish solubles, condensed, sardine .... 

Fish solubles, dried 

Hegari grain 

Hempseed oil meal 

Hominy feed, white 

Hominy feed, yellow 

Kafir grain 

Linseed meal, expeller or hydraulic 

process 

Linseed meal, solvent process 

Liver meal, animal . 

Liver and glandular meal 

Malt, barley 

Malt sprouts 

Meat scrap, or dry-rendered tankage, 

55% protein grade 

Meat and bone scrap, or dry-rendered 
tankage with bone, 50% protein 

grade 

Meat and bone scrap, or dry-rendered 
tankage with bone, 45% protein 
grade . . , . ... . 


Carotene 

Vitamin A 
activity 

Mg. 

I.U. 

per lb. 

per lb. 

0.2 

333 

0.1 

167 

# 

ft . 

0.1 

167 


Ribo- 

flavin 

■ Niacin 

Panto- 

thenic 

acid 

Mg. 

Mg. 

Mg. 

per lb. 

pet lb. 

per lb. 

* 2.4 

21.9 

1.7 

1.7 

mi 

^.5 

2.7 

16.3 

5.5 

• 2.1 

20.7 

8.1 

> 1.4 

» 

ft 

1.1 

12.2 

7.0 

2.7 

ft 

3.0 

1.8 

12.1 

2.6 

3.9 

30.4 

5.0 

1.5 

7.7 

2.4 

2.2 

28.6 

4.9 

1.7 

25.4 

3.7 

4.8 

34.0 

5.5 

7.7 

52.4 

9.5 

5.8 

30.0 

13.0 

6.8 

64.1 

12.0 

6.8 

87.0 

15.3 

240.0 

29.4 

79.7 

77.9 

98.0 

92.2 

3.1 

28.8 

4.1 

4.1 

40.4 

5.2 

2.2 

25.4 

ft 

3.2 

« 

3.8 

2.6 

11.3 

3.1 

2.7 

28.2 

4.2 

4.1 

31.7 

4.0 

6.6 

76.7 

16.1 

4.3 

108.4 

* 

7.6 

161,4 

18.7 

3.5 

105.5 

20.4 

* 

30.8 

# 

1.3 

ft 

1.6 

1.0 

21.0 

3.3 

1.1 

19.6 

3.9 

0.6 

18.3 

5.7 

1.5 

18.4 

5.5 

1,3 

13.7 

* 

21.0 

92.9 

20.5 

18.5 

73.4 

48.2 

1.3 

25.7 

3.6 

4.7 

26.2 

# 

2.4 

25.8 

2.2 

2.0 

21.7 

1.7 

2.4 

16.9 

1.1 
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Table V. Vitamin content of feeding stuffs — continued. 
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Feeding stuff 


-Cont. 


Concentrates 

Milk* cow's . , . . . , 

Milk, whole, dried 

hog, or proso 

_ Mao grain f .. 

Milo head chops 

Molasses, beet 

Molasses, cane ... * 

Molasses, citrus . . . 

Oats grain 

Oat kernels, without hulls, ( oat groats ) 
. Oat meal, feeding, or rolled oats .... 

Oat middlings 

Oat mill byproduct ( oat mill feed ) . . 

Palm-kernel oil meal 

Pea seed, field 

Peanut kernels, without hulls 

Peanut oil meal and hulls, expeller or 
hydraulic process, 41 to 45% protein 
Peanut oil meal and hulls, solvent, 

47 % protein 

Pineapple pulp, or bran, dried 

Rape-seed oil meal 

Rice, brewers' 

Rice, brown 

Rice, polished 

Rice bran 

Rice polishings, or rice polish 

Rye grain 

Rye middlings 

Safflower oil meal, from well-hulled 

seed 

Sesame oil meal 

Shrimp meal 

Skimmilk, centrifugal 

Skimmilk, dried 

Sorghum, grain 

Sorghum seed, sweet 

Soybean seed 

Soybean oil meal, expeller or hydraulic 

process 

Soybean oil meal, solvent process ... 
Soybean oil meal, dehulled, solvent, 

50% protein guarantee 

Starfish meal 

Sunflower seed 

Sunflower-seed oil meal from partly- 

hulled seed 

Sweet potato meal, or dried sweet 

potatoes 

Tankage, or meat meal, digester proc- 
ess, 60% protein grade . 

Tankage, or meat meal, digester proc- 
ess, 55% protein grade 

Tomato pomace, dried 

Wheat, hard dark red 

Wheat, hard spring 

Wheat, soft 


Carotene 

Vitamin A 
activity 

Thia- 

mine 

Ribo- 

flavin 

Niacin 

Panto- 

thenic 

acid 

Mg. 

I.U. 

Mg. 

Mg. 

Mg. 

Mg. 

per lb. 

per lb. 

per lb. 

per lb. 

per lb. 

per lb. 

0.4 

667 

0.2 

0.8 

0.8 

1,3 

3.2 

5,333 

1.7 

8.9 

3.8 

10.3 

# 

ft 

3.3 

1.7 

10.6 

# 

0.1 

167 

1.8 

0.4 

18.3 

4.7 

0.3 

500 

# 

0.9 

* 

# 





# 

1.1 

19.2 

2.1 

— 

— 

0.4 

1.5 

15.6 

17.4 

— 

— 

# 

2.8 

12.1 

5.7 

0.05 

83 

2.8 

0.5 

6.3 

6.0 

* 

* 

3.1 

0.6 

3.7 

6.7 


# 

3.2 

0.8 

5.8 

5.6 

# 


3.2 

0,8 

12.8 

10.5 

0.1 

167 


2.1 

* 

ft 

ft 

# 

# 

# 

20.0 

ft 

ft 

ft 

1.8 

0.8 

17.2 

4.6 

0.1 

167 

3.8 

1.1 

62.3 

15.9 

0.1 

167 

3.1 

2.1 

78.8 

23.5 

ft 

# 

# 

5.0 

# 

ft 

21.7 

36,167 

ft 






— 

# 

0.9 


* 





0.64 

** 

* 

* 





1.1 

0.3 

17.1 

* 

— 

— 

0.3 

0.3 

8.1 

1.8 





10.2 

1.2 

137.8 

10.7 





9.4 

0.8 

241.7 

26.5 

0.04 

67 

2.0 

0.7 

7.1 

4.2 

— 

— 

1.5 

1.1 

7.7 

10.5 

# 

# 

8.2 

1.8 

10.0 

39.0 

0.2 

333 

1.3 

1.7 

ft 

2.9 

* 

ft 

* 

1.8 

* 

* 





0.2 

0.9 

0.5 

1.6 





1.6 

9.1 

5.2 

15.3 

— 

— 

2.4 

0.6 

29.4 

4.1 





1.6 

** 

8.2 

ft 

0.4 

677 

5.0 

1.2 

10.0 

7.1 

0.1 

167 

1.7 

1.6 

14.3 

6.9 

0.1 

167 

3.0 

1.5 

12.2 

6.6 

* 

* 

1.1 

1.4 

9.8 

ft 

* 


* 

4.0 

ft 




0.2 

1.5 

ft 

* 

* 


# 

1.5 

132.4 

18.6 

32.2 

53,667 

ft 

# 

* 

ft 

— 

— 

0.2 

1.1 

17.8 

1.1 





# 

0.7 

13.1 

0.7 

# 

* 

5.4 

2.8 

* 

ft 

0.04 

67 

2.3 

0.5 

24.1 

6.3 

0.04 

67 

2,3 

0.5 

28.8 

6.4 

ft 


2.2 

0.5 

26.8 

5.2 
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Table V. Vitamin content of feeding stuffs — continued. 


Feeding stuff 

Carotene 

Vitamin A 
activity 

Thia- 

mine 

Ribo- 

flavin 

'Niacin 

Panto- 

thenic 

acid 


Mg. 

I.U. 

Mg. 

Mg. 

¥g- 

Mg. 

Concentrates — Cont. 

per lb. 

per lb. 

per lb. 

per lb. 

per lb. 

per lb. 

Wheat bran 

1.2 

2,000 

3.6 

1.4 

95.1 

13.2 

Wheat brown shorts 

* 


7.8 

.1.3 

40.7 

9.4 

Wheat brown shorts and screenings . 


* 


0.9 

** " 


Wheat flour, low grade 

— 

— 


o:3 

11.8 

Wheat flour middlings, or gray shorts 

— 

— 

7.2 

0.9 

43.2 i 

8.0 

Wheat germ 


& 

12.7 

2,3 

21.5 

5.1 

Wheat germ oil meal 

3.0 

500 

11.5 

. 2,3 

23,3 

5.6 

Wheat red dog, or white shorts 

— 

— 

8.6 

• 0.7 

23.9 

6.2 

Wheat standard middlings 

1.4 

2,333 

5.8 

0.9 

44.8 

9.0 

Whey 

— 

— 

# 

0.6 

0.4 

2.4 

Whey, condensed 

— 

— 

1.4 

9.1 

1.6 

6.6 

Whey, dried 

Whey product, dried, with whey fer- 

— 

— . 

1.8 

15.9 

4.4 

ft 

18.2 

mentation solubles 

— 

— . 

& 

25.1 

27.1 

31.2 

Yeast, brewers', dried 

— 

- — 

41.7 

15.9 

203.4 

49.9 

Yeast, torula, dried 

— 

— 

2.8 

20.2 

227.4 

37,7 


Table Va. Approximate vitamin content of certain B-complex vitamins 


Feeding stuff 


Choline Folic acid Pyridoxine Betaine 


Dry Roughages 

Alfalfa hay 

Alfalfa leaf meal 

Alfalfa meal, dehydrated, 20% pro- 
tein grade 

Alfalfa meal, dehydrated, 17% pro- 
tein grade 

Cereals, young, dehydrated 

Clover hay, red . . 

Timothy hay 

Green Roughages and Roots 

Cabbage 

Carrots ........ , ..... ... . . . . ... . . 

Potatoes 

Sweet potatoes 

Turnips 

Concentrates 

Barley feed 

Barley grain 

Beans, field, or navy 

Beans, lima, mature 

Beet pulp, dried 

Beet solubles by-product, condensed 

Blood flour 

Blood meal 

Brewers' grains, dried 

Buttermilk, dried 

Cod-liver oil meal 

Corn, white dent . . ...... 

Corn, yellow dent 

Com bran 


APPENDIX II 

Table Va. Approximate vitamin content of certain B-complex vitamins. — continued. 


Feeding stuff 


Folic acid Pyridoxine 


Concentrates — Cont. 

Corn feed' meal 

Corn germ meal 

Corn gluten feed 

Cor n gl uten meal * 

Cjrfftnl meal . . . . 

Cottonseed meal, expeller or hy- 
draulic process 

Cottonseed meal, solvent process . . 
Distillers dried corn grains, without 

solubles . r. .... a 

Distillers dried corn grains, with 

solubles 

Distillers dried sorghum grains . . . 

Distillers dried corn solubles 

Distillers dfted sorghum solubles . . 

Fermentation solubles, dried 

Fish meal 

Fish meal, herring 

Fish meal, redfish 

Fish meal, salmon 

Fish meal, sardine 

Fish solubles, condensed 

Fish solubles, condensed, sardine . . 

Fish solubles, dried 

Hominy feed, white 

Hominy feed, yellow 

Linseed meal, expeller or hydraulic 

process 

Linseed meal, solvent process .... 

Liver meal, animal 

Liver and glandular meal 

Malt, barley 

Meat and bone scrap, or dry- 
rendered tankage with bone, 50% 

protein grade 

Molasses, cane 

Oats grain 

Oat kernels, without hulls, (oat 


groats ) 

Oat meal, feeding, or rolled oats . . 

Pea seed, field 

Peanut oil meal and hulls, expeller 

or hydraulic process 

Rice bran 

Rice polishings or rice polish 

Safflower oil meal, from well-hulled 

seed 

Sesame oil meal 

Shrimp meal 

Skimmilk, dried 

Soybean seed 

Soybean oil meal, expeller or hy- 
draulic process 

Soybean oil meal, solvent process . 
Soybean oil meal, dehulled, solvent, 

50% protein guarantee 

Wheat 

Wheat bran 
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Table Va. Approximate vitamin content of certain B-complex vitamins. — continued. 


Feeding stuff 

Biotin 

Choline 

Folic acid 

Pyridoxine 

Betaine 


Mg. 

Mg- 

Mg. 

Mg. 

Mg. 

Concentrates — Cont. 

Wheat flour middlings, or gray 

per lb. 

per lb. 

per lb. 

per lb. 

per lb. 

shorts 


447 



& 

Wheat germ 

* 

1,978 

0.88 

* 

& ■ 

Wheat germ oil meal 


1,534 

# 


$ 

Wheat standard middlings 


488 

0.41 

$ . t- 


Whey, dried 

Whey product, dried, with whey 

* 

615 

e 

1.8 

fermentation solubles 

0.17 

797 

0.40 

ft 

% 

Yeast, brewers’ dried 

0.44 

1,766 

4.40 

. 19.7 



Table Vb. Vitamin Bi 2 content of certain feeding stuffs 


It is generally believed that feeds of 
plant origin have no appreciable amounts 
of vitamin B 12 or of other substances 
having vitamin B 12 activity. 

However, certain feeds of plant ori- 
gin, including some green forages, dehy- 
drated alfalfa or other dehydrated forage, 
and some hays, may show an appar- 
ent small content of vitamin B 12 by mi- 
crobiological methods of analysis. 


The approximate vitamin B 12 con- 
tents of certain feeds of animal origin 
and of certain fermentation by-products 
are shown in the following table. The 
amounts of vitamin B 12 , even in these 
feeds, are so exceedingly small that the 
content is stated in terms of micrograms 
per pound of feed, instead of milligrams. 
(1,000 micrograms equal 1 milligram.) 


Vitamin Bi 2 content of certain feeds 


Feeding stuff 

Vitamin 
Bio per lb. 
of feed 

Feeding stuff 

Vitamin 
B 12 per lb. 
of feed 

Buttermilk, dried 

Micrograms 

9 

Fish solubles, cond., redfish . . . 

Micrograms 

208 

Cod-liver oil meal 

0.4 

Fish solubles, cond., sardine . . 

472 

Crab meal 

192 

Fish solubles, cond., tuna 

219 

Distillers solubles, dried 

13 

Liver meal, animal 

246 

Feather meal, hydrolyzed 

39 

Meat scrap .................. 

31 

Fish meal, all analyses 

87 

Meat and bone scrap 

57 

Fish meal, herring 

107 

Milk, cow’s . . 

2 

Fish meal, menhaden 

84 

Poultry by-product meal 

129 

Fish meal, redfish 

65 

Sewage sludge, dried 

817 

Fish meal, salmon 

41 

Skimmilk, dried 

25 

Fish meal, sardine 

85 

Whale meat meal 

40 

Fish meal, tuna 

65 

Whey, dried 

11 

Fish meal, white fish 

45 

Yeast, dried 

3 

Fish solubles, condensed, all 

analyses 

Fish solubles, cond., herring .... 

305 

259 

t Yeast, molasses distillers, dried . 

4 




Feeding stuff 

Dry Roughages 

Alfalfa hay, field-cured 

Alfalfa' hay, barn-dried 

Ail^fSTleaves, ; from field-cured hay 

Alfalfa stems, from field-cured hay 

Clover hay, field-cured 

Clover hay, barn-dried . 

Mixed grass and legume hay, field-cured 
Mixed grass and legume hay, barn-dried 
Mixed grass and legume hay, dehydrated . . . 

Soybean hay, barn-dried 

Timothy hay, field-cured .... 

Timothy-alfalfa hay, field-cured 

Timothy-cl^er hay, field-cured 


Vitamin D content 
in International 
Units per lb. 


Green Roughages and Silages 

Fresh green forage Little or none 

Alfalfa silage, wilted before ensiling 131 

Corn silage 54 

Concentrates 

All grains and other seeds and their by-products None or practi- 

cally none 

Beet pulp, dried . 275 

Distillers dried corn grains, with solubles 250 

Cocoa shells, sun-dried 14,288 

Cod-liver oil meal 18,150 

Milk, cow's whole milk, in summer 17 

Milk, cow's whole milk, in winter 5 

Skimmilk, dried 190 


Table Vd. Vitamin E content of certain feeding stuffs 



Vitamin E as 


Vitamin E as 


mg. of alpha- 


mg. of alpha- 

Feeding stuff 

tocopherol 

Feeding stuff 

tocopherol 

per lb. of feed 

per lb. of feed 

Dry roughages 


Concentrates 


Alfalfa hay, field-cured 

11.8 

Barley grain 

5.0 

Alfalfa leaf meal 

173.8 

Corn grain, white 

11.2 

Bluegrass, Ky., dried 

157.0 

Com grain, yellow 

11.0 

Orchard grass, dried 

101.2 

Fish meal 

95.0 

Soybean hay 

12.1 

Oats grain 

16.6 

Timothy hay, mixed, U.S. 

5.9 

Soybean seed 

16.6 

Grade No. 2 

Wheat grain 

15.5 

Green roughages 

69.0 

Wheat bran 

Wheat germ 

1.4 

72.0 

Alfalfa 

Wheat germ oil 

862.0 

Bluegrass, Ky 

Clover, white 

Orchard grass 

70.8 

45.4 

49.4 

Wheat red dog 

Wheat shorts 

26.2 

14.4 

Soybean forage 

31.8 
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1114 FEEDS AND FEEDING 

Table VI. Weights of Concentrates and Other Feeds 


In computing rations for farm ani- 
mals it is desirable to know the weight 
per quart, or the bulk, of the different 
concentrates. The following table, com- 
piled chiefly from Massachusetts Bulletm 


136 by Smith and Perkins, Louisiana 
Bulletin 114 by Halligan, and Indiana 
Bulletin 141 by Jones, Haworth, Cutler, 
and Summers is therefore presented. 


Feeding stuff 

One 

quart 

weighs 

One 

pound 

meas- 

ures 

Concentrates 

Lbs. 

Qts. 

Barley, whole 

1.5 

0.7 

Barley, ground 

1.1 

0.9 

Beans, field 

1.7 

0.6 

Beet pulp, dried 

0.6 

1.7 

Brewers’ grains, dried 

0.6 

1.7 

Buckwheat, whole 

1.4 

0.7 

Buckwheat feed 

0.6 

1.7 

Buckwheat flour 

1.6 

0.6 

Buckwheat middlings 

0.9 

1.1 

Citrus pulp, ground 

1.0 

1.0 

Coconut oil meal 

1.5 

0.7 

Corn, dent, whole 

1.7 

0.6 

Corn, dent, ground 

1.5 

0.7 

Corn-and-cob meal 

1.4 

0.7 

Corn bran 

0.5 

2.0 

Corn germ meal 

1.4 

0.7 

Cora gluten feed 

1.3 

0.8 

Corn gluten meal 

1.7 

0.6 

Cottonseed, whole 

0.8 

1.3 

Cottonseed meal 

1.5 

0.7 

Cowpeas 

1.7 

0.6 

Distillers* corn grains, dried 

0.6 

1.7 

Flaxseed 

1.6 

0.6 

Flaxseed screenings 

1.1 

0.9 

Hominy feed 

1.1 

0.9 

Linseed meal, old process. . ... 

1.1 

0.9 

Linseed meal, new process. . 

0.9 

1.1 

Malt sprouts. 

0.6 

1.7 

Millet seed, foxtail 

1.6 

0.6 

Molasses, cane 

3.0 

0.3 


Feeding stuff 


Concentrates — Coilt . 

Molasses feeds 

Oats 

Oats, ground 

Oatmeal, without hulls. . . 

Oat middlings 

Oat mill feed 

Peas, field 

Rice bran 

Rice polish 

Rye, whole 

Rye, ground 

Rye bran 

Rye feed 

Rye middlings 

Soybeans 

Sunflower seed 

Tankage 

Wheat, whole 

Wheat, ground 

Wheat bran 

Wheat mixed feed 

Wheat flour middlings . . . 
Wheat screenings ....... 

Wheat standard middlings 

Roughages 

Alfalfa meal 

Buckwheat hulls 

Cottonseed hulls 

Oat hulls 


One 

quart 

weighs 


Lbs. 

0.8 

1.0 

0.7 

d 

0.8 

2.1 

0.8 

1.2 

1.7 

1.5 
0.8 
1.3 

1.6 

1.8 

1.5 

1.6 
1.9 
1.7 
0.5 
0.6 
1.2 
1.0 
o.s 


0.6 

0.5 

0.3 

0.4 




One 

pound 

meas- 

ures 


Qts. 

1.3 

1.0 

1.4 
0.6 
0.7 
1.3 
0.5 
1.3 
0.8 
0.6 
0.7 
1.3 
0.8 
0.6 
0.6 
0.7 
0.6 
0.5 
0.6 
2.0 
1.7 
0.8 
1.0 
1.3 


1.7 

2.0 

3.3 

2,5 
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APPENDIX 

Table VII. Example Rations for Farm Animals 


Using the example rations. — The fol- 
lowing examples of balanced rations for 
the different classes of stock are pre- 
sented as' guides in selecting efficient 
balanced rations adapted to various con- 
dition s. In using^these suggestions, one 
shgwfcrEBt limit his choice to the particu- 
lar combinations of feeds here given. 
Instead, he should determine whether or 
not modifications can be made in these 
rations which will make them more eco- 
nomical under his local conditions. One 
can readily find which of various avail- 
able feeds are actually the cheapest by 
using the method explained in Chapter 
XII. 

Unless otherwise indicated, the 
amounts of feed shown in the tables are 
the amounts to be fed per head daily. 
For animals of different sizes than stated 
in the tables, the amounts of feed should 
be increased or decreased in accordance 
with the amounts of nutrients recom- 
mended in Appendix Table III for ani- 
mals of the particular size. 

Making changes in the rations. — 
The following will indicate the changes 
that may be made in these rations: 

Other grains can be substituted for 
the grains included in an example ra- 
tion. If the grain substituted is higher or 
lower in protein than the grain which it 
replaces, the amount of protein supple- 
ment in the ration should be changed to 
provide approximately the same percent- 
age of protein in the ration. 

For example, ground corn can be 
replaced by hominy feed, corn feed meal, 
ground grain sorghum, ground barley, or 
ground wheat. When barley or wheat is 


fed in place of corn, the amount of pro- 
tein supplement may be reduced some- 
what. Also, a little less supplement is 
needed with grain sorghums than with 
com. 

Where oats are included in a con- 
centrate mixture to provide bulk, they 
can be replaced by dried beet pulp. 
More protein supplement will then be 
needed because of the lower protein con- 
tent of dried beet pulp. 

Instead of the protein supplements 
used in the various example rations, other 
supplements can be substituted, such as 
brewers’ dried grains, distillers dried 
grains, corn gluten meal, and peanut oil 
meal. If the percentage of protein differs 
appreciably from that in the supplement 
used in the example ration, the amount 
should be changed accordingly. In mak- 
ing any substitution of protein supple- 
ments in a ration for swine or poultry, 
one must be sure that the ration will 
furnish protein of proper quality. ( 1385- 
1386, 1500-1501) 

The proportions of protein supple- 
ments in the example rations are based 
on the most common grades of the vari- 
ous supplements. For example, the com- 
putations have been based on cottonseed 
meal of 41 per cent protein grade; lin- 
seed meal, expeller or hydraulic process, 
34 per cent protein guarantee; and soy- 
bean oil meal, solvent process, 44 per 
cent protein guarantee. If the protein 
supplement used has a decidedly higher 
or lower protein content than stated, the 
amount of supplement needed will be 
altered correspondingly. 


Dairy Cattle 

Concentrate or “grain” mixtures for dairy cows and heifers 
A. Mixtures containing approximately 12 per cent protein 


For cows in milk which are fed good al- 
falfa, soybean, or cowpea hay ( at least 1 lb. 
daily per 100 lbs. live weight) with corn 
silage, sorghum silage, corn fodder, sorghum, 
fodder, or roots. When alfalfa, soybean, or 
cowpea hay is fed as the only roughage, 
merely a mixture of farm grain supplies suffi- 
cient protein for all except unusually high- 
producing cows. 


For cows in milk which are fed red 
clover hay as the only roughage. 

For cows in milk which are on excellent 
pasture. 

For dry cows, when at least one-third 
the roughage (on the dry basis) is legumes. 
Other mixtures for fitting dry cows are given 
in Division B. 

For heifers over 6 months old, when 
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one-half the roughage (on the dry basis) is 
alfalfa, soybean, or cowpea hay. 


1. Ground corn 

1,160 lbs. 

Ground oats 

500 lbs. 

Wheat bran 

Soybean oil meal (or cotton- 

220 lbs. 

seed meal ) 

100 lbs. 

Salt 

20 lbs. 

Total 

Dig. protein, 9.8% 

Total dig. nutrients, 75.3% 

2,000 lbs. 

2. Ground corn 

1,130 lbs. 

Ground oats 

500 lbs. 

Wheat bran 

200 lbs. 

Linseed meal 

150 lbs. 

Salt 

20 lbs. 

Total 

2,000 lbs. 


Dig. protein, 9.8% 

Total dig. nutrients, 75.1% 

3. Ground barley (or wheat) . . . 1,030 lbs. 

Ground oats 700 lbs. 

Wheat bran 250 lbs. 

Salt 20 lbs. 

Total ,. 2,000 lbs. 

Dig. protein, 10.1% 

Total dig. nutrients, 72.91% 


4. Ground corn 1,000 lbs. 

Ground oats 640 lbs. 

Wheat bran 200 lbs. 

Corn gluten feed 70 lbs. 

Soybean oil meal 70 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 9.8% 

Total dig. nutrients, 74.5% 

5. Ground grain sorghum l,400lbs. 

Ground oats 330 lbs. 

Wheat bran 200 lbs. 

Cottonseed meal (or soybean 

oil meal) : 50 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 9.6% 

Total dig. nutrients, 76.0% 

6. Corn-and-cob meal F . . 1,310 lbs. 

Wheat bran 500 lbs. 

Cottonseed meal (or soybean 

oil meal ) 85 lbs. 

Linseed meal 85 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 9.6% 

Total dig. nutrients, 70.9% 


B. Mixtures for fitting dry cows and for freshening cows 

Mixture No. 1, which contains somewhat 2. Ground corn 

more than 12 per cent total protein, is suit- Ground oats 

able for use when at least one- third of the Wheat bran 

roughage, on the dry basis, is legume forage. Linseed meal 

When little or no legume roughage is avail- Bone meal (or other 

able, such a mixture as No 2, which contains Ground Stone ! ! ! ! ! ! ! 

16 per cent protein, is preferable. g a j t 


1. Ground corn . . . . , 

760 lbs. 

Ground oats . . . . . 

600 lbs. 

Wheat bran .... 

500 lbs. 

Linseed meal . . . 

100 lbs. 

Bone meal ( or 

other safe 

supplement) . . 

20 lbs. 

Salt 

20 lbs. 

Total 

2,000 lbs. 


2. Ground corn 

590 lbs. 

Ground oats 

500 lbs. 

Wheat bran 

500 lbs. 

Linseed meal 

360 lbs. 

Bone meal ( or other safe 
supplement) 

20 lbs. 

Ground limestone 

10 lbs. 

Salt 

20 lbs. 

Total ' 

2,000 lbs. 

Dig. protein, 13.1% 

Total dig, nutrients, 71.4% 


Dig. protein, 10.2% 

Total dig. nutrients, 72.0% 


C. Mixtures containing approximately 14 per cent protein 


For cows in milk which are fed red 
clover hay (at least 1 lb. daily per 100 lbs. 
live weight) and corn or sorghum silage or 
com or sorghum fodder, when protein sup- 
plements are expensive. 

For cows in milk which are on very 
good pasture. 

For dry cows when only one-fourth of 
the roughage (on the dry basis) is legume. 

For heifers over 6 months old, when 
one-half the roughage (on the dry basis) is 
clover hay. 


1. Ground corn 1,055 lbs. 

Ground oats 500 lbs. 

Wheat bran 200 lbs. 

Soybean oil meal (or cotton- 
seed meal) 225 lbs. 

Salt 20 lbs. 

_ Total 2,000 lbs. 

Dig. protein, 11.9% 

Total dig. nutrients, 75.3% 
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2. Ground corn 980 lbs. 

Ground oats 500 lbs. 

Wheat bran . . 200 lbs. 

Linseed meal 300 lbs. 

Salt 20 lbs. 


Total. 2,000 lbs. 

Dig. protein, 11.5 % 

Total dig. nutrients, 74.8% 

3. Ground barley * 1,090 lbs. 

^oum oats 600 lbs. 

Wheat bran 200 lbs. 

Soybean oil meal (or cotton- 
seed meal) 90 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 11.5% 

Total dig. nutrients, 73.6% 

4. Ground corn 955 lbs. 

Ground oats 500 lbs. 

Wheat blan 225 lbs. 

Corn gluten feed 150 lbs. 

Soybean oil meal 150 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 11.8% 

Total dig. nutrients, 74.7 % 


5. Ground grain sorghum 1,275 lbs. 

Ground oats 330 lbs. 

Wheat bran .. 200 lbs. 

Cottonseed meal ( or soybean 

oil meal) 175 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 11.1% 


6. Corn-and-cob meal 1,220 lbs. 

Wheat bran 450 lbs. 

Cottonseed meal (or soybean 

oil meal ) ; . 155 lbs. 

Linseed meal 155 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 11.2% 

Total dig. nutrients, 71.1% 


D. Mixtures containing approximately 16 per cent protein 


For cows in milk which are fed good red 
clover or alsike clover hay (at least 1 lb. 
daily per 100 lbs. live weight) with corn 
silage, sorghum silage, corn fodder, sorghum 
fodder, or roots. 

For cows in milk which are fed good 
mixed clover-and-grass hay (containing at 
least 30 per cent clover) and corn or sor- 
ghum silage or corn or sorghum fodder, when 
protein supplements are unusually expensive. 

For cows in milk which are on good pas- 
ture. 

For dry cows which are fed little or no 
legume roughage. 


1. Ground com 945 lbs. 

Ground oats 500 lbs. 

W 2 * * * * 7 heat bran 200 lbs. 

Soybean oil meal (or cotton- 
seed meal) 335 lbs. 

Salt 20 lbs. 


Total 2,000 lbs. 

Dig. protein, 13.9% 

Total dig. nutrients, 75.1% 

2. Ground barley 1,000 lbs. 

Ground oats 560 lbs. 

Wheat bran 200 lbs. 

Soybean oil meal (or cotton- 
seed meal ) 220 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 13.6% 

Total dig. nutrients, 73.8% 


3. Ground corn 830 lbs. 

Ground oats 500 lbs. 

Wheat bran 200 lbs. 

Corn gluten feed 225 lbs. 

Soybean oil meal (or cotton- 
seed meal ) 225 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 13.6% 

Total dig. nutrients, 74.6% 

4. Ground corn 820 lbs. 

Ground oats 500 lbs. 

Wheat bran 220 lbs. 

Linseed meal 440 lbs. 

Salt 20 lbs. 


Total 2,000 lbs. 

Dig. protein, 13.3% 

Total dig. nutrients, 74.3% 

5. Ground grain sorghum ...... 1,180 lbs. 

Ground oats 300 lbs. 

Wheat bran 200 lbs. 

Cottonseed meal (or soybean 

oil meal) 300 lbs. 

Salt 20 lbs. 


Total 2,000 lbs. 

Dig. protein, 12.7% 

Total dig. nutrients, 75.1% 

6. Corn-and-cob meal 1,090 lbs. 

Wheat bran 450 lbs. 

Cottonseed meal ( or soybean 

oil meal ) 220 lbs. 

Linseed meal 220 lbs. 

Salt 20 lbs. 


Total 2,000 lbs. 

Dig. protein, 13,0% 


Total dig. nutrients, 71.1% 
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E. Mixtures containing approximately 18 per cent protein 


For cows in milk which are fed mixed 
clover-and-timothy hay or other mixed clover- 
and-grass hay containing at least 30 per cent 
clover ( at least 1 lb. of hay daily per 100 lbs. 
live weight), this hay being fed with corn or 
sorghum silage, corn or sorghum fodder, or 
roots. 

For cows in milk which are on fair pas- 

ture. 

For heifers over 6 months old, when 
only about one-fourth the roughage (on the 
dry basis) is legume. 


1. Ground corn 685 lbs. 

Ground oats 500 lbs. 

Wheat bran 200 lbs. 

Soybean oil meal 270 lbs. 

Distillers dried corn grains . . . 325 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 14.7% 


2. Ground barley 940 lbs. 

Ground oats 500 lbs. 

Wheat bran . 200 lbs. 

Soybean oil meal (or cotton- 
seed meal ) 340 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 15.5% 


Total dig. nutrients, 74.0% 


3. Ground corn 

680 lbs. 

Ground oats 

500 lbs. 

Wheat bran 

200 lbs. 

Corn gluten feed 

300 lbs. 

Soybean oil meal (or cotton- 


seed meal) 

300 lbs. 

Salt 

20 lbs. 

Total r 

Dig. protein, 15.5% 

e AQg(nbs. 

Total dig. nutrients, 74.3% 


4. Ground corn 

540 lbs. 

Ground oats 

500 lbs. 

Wheat bran * 

200 lbs. 

Linseed meal 

370 lbs. 

Corn gluten feed 

370 lbs. 

Salt 

20 lbs. 

Total 

2,000 lbs. 

Dig. protein, 15.1% ' 


Total dig. nutrients, 73.5% 


5. Ground grain sorghum 

1,045 lbs. 

Ground oats 

300 lbs. 

Wheat bran 

200 lbs. 

Cottonseed meal (or soybean 


oil meal) 

435 lbs. 

Salt 

20 lbs. 

Total 

2,000 lbs. 

Dig. protein, 14.4% 


Total dig. nutrients, 74.5% 


6. Corn-and-cob meal 

970 lbs. 

Wheat bran 

450 lbs. 

Cottonseed meal (or soybean 


oil meal ) 

280 lbs. 

Linseed meal 

280 lbs. 

Salt 

20 lbs. 

Total 

2,000 lbs. 


Dig. protein, 14.5% 

Total dig. nutrients, 71.1% 


F. Mixtures containing approximately 20 per cent protein (Add 20 lbs. ground limestone 
per ton if roughage is grown on soil very deficient in calcium.) 


For cows in milk which are fed mixed 
legume-and-grass hay containing less than 30 
per cent legumes, this hay being fed with 
com or sorghum silage, corn or sorghum fod- 
der, or roots. 

For cows in milk which are fed non- 
legume roughage of good quality and which 
are producing sufficient milk so that they 
require at least 8 to 10 lbs. of concentrate or 
grain mixture. 

For cows in milk which are on poor pas- 
ture. . 

For heifers over 6 months old which are 
fed no legume roughage. 
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3. Ground barley 

915 lbs. 

5. Ground grain sorghum 

900 lbs. 

Ground oats 

400 lbs. 

Ground oats 

300 lbs. 

Wheat bran 

200 lbs. 

Wheat bran 

200 lbs. 

Soybean oil meal (or cotton- 


Cottonseed meal (or soybean 


seed meal ) 

465 lbs. 

oil meal) 

580 lbs. 

Salt 

20 lbs. 

Salt 

20 lbs. 

Total 

2,000 lbs. 

Total 

2,000 lbs. 

Dig. protein, 17.6% 


Dig. protein, 16.2% 


Total dig. nutrients, 74.4% 


Total dig. nutrients, 74.0% 


4.^Ground corn . 

430 lbs. 

6. Corn-and-cob meal 

870 lbs. 

Ground oats 

300 lbs. 

Wheat bran 

400 lbs. 

Wheat bran 

200 lbs. 

Cottonseed meal (or soybean 


Corn gluten feed 

450 lbs. 

oil meal) 

355 lbs. 

Soybean oil meal 

400 lbs. 

Linseed meal 

355 lbs. 

Cane molasses ...» 

200 lbs. 

Salt 

20 lbs. 

Salt 

20 lbs. 

Total 

2,000 lbs. 

Total 

2,000 lbs. 

Dig. protein, 16.3% 



Total dig. nutrients, 71.3% 


Dig. protein, 17.4% 

Total di^. nutrients, 72.1% 

G. Mixtures containing approximately 24 per cent protein ( Add 20 lbs. of ground 
per ton if roughage is grown on soil very deficient in calcium.) 

For cows in milk which are fed good- 
quality non-legume roughage and which are 
not producing sufficient milk to require so 
much as 8 lbs. of concentrate or grain mix- 
ture. 

For cows in milk which are fed only 
non-legume roughage of fair to poor quality. 


1. Ground corn 380 lbs. 

Ground oats 300 lbs. 

Wheat bran 200 lbs. 

Soybean oil meal (or cotton- 
seed meal) 500 lbs. 

Distillers dried corn grains . . . 600 lbs. 

Salt 20 lbs. 

Total . 2,000 lbs. 

Dig. protein, 20.2% 

Total dig. nutrients, 77.1% 

2. Ground barley 580 lbs. 

Ground oats 400 lbs. 

Wheat bran 200 lbs. 

Soybean oil meal (or cotton- 
seed meal ) 500 lbs. 

Linseed meal 300 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 21.2% 

Total dig. nutrients, 74.1% 


4. Ground corn 

Ground oats 

Wheat bran 

Linseed meal 

Corn gluten feed 

Soybean oil meal 

Salt . . 

Total 

Dig. protein, 20.7% 

Total dig. nutrients, 74.1% 


limestone 


380 lbs. 
200 lbs. 
200 lbs. 
500 lbs. 
500 lbs. 
200 lbs. 
20 lbs. 
2,000 lbs. 


5. Ground grain sorghum . . . 

Ground oats 

Wheat bran 

Cottonseed meal ........ 

Soybean oil meal 

Salt 

Total 

Dig. protein, 20.2% 

Total dig. nutrients, 74.0% 

6. Corn-and-cob meal 

Wheat bran 

Cottonseed meal (or soybean 

oil meal) . ... . . . .......... 

Linseed meal 

Salt 

Total 

Dig. protein, 19.7% 

Total dig. nutrients, 71.3% 


680 lbs. 
300 lbs. 
200 lbs. 
500 lbs. 
300 lbs. 
20 lbs. 
2,000 lbs. 


620 lbs. 
400 lbs. 

500 lbs. 
460 lbs. 
20 lbs. 
2,000 lbs. 


3. Ground corn 

Ground oats 

Wheat bran 

Com gluten feed 

Soybean oil meal (or cotton- 
seed meal) 

Cane molasses 

Salt 

Total 

Dig. protein, 21.2% 

Total dig. nutrients, 72.0% 


220 lbs. 
200 lbs. 
200 lbs. 
600 lbs. 

560 lbs. 
200 lbs. 
20 lbs. 
2,000 lbs. 
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Beef Cattle 


Wintering mature beef breeding 

1. Legume hay or mixed legume-and-grass 

hay of good quality, 16 to 25 lbs. 

2. Legume hay, 5 to 10 lbs.; cereal straw, 10 

to 15 lbs. 

3. Corn silage or sorghum silage, 50 to 60 

lbs.; cottonseed meal, soybean oil meal, 
linseed meal, or other high-protein sup- 
plement, 1 lb.; ground limestone, 0.1 lb. 

4. Com silage or sorghum silage, 25 to 40 

lbs.; legume hay, 5 to 7 lbs. 


cows in calf, weight 1,000 lbs. 

5. Cereal straw, full-fed; linseed meal, cot- 

tonseed meal, soybean oil meal, or other 
high-protein supplement, 1 lb.; ground 
limestone, 0.1 lb. 

6. Prairie hay or other grass hay, full-fed 

(16 to 25 lbs.); plus 0.5 tp-43^ lb. 
high-protein supplement unless hajMs 
early-cut. It is advisable to add 0.1 lb. 

f round limestone if hay is grown on soil 
eficient in calcium. 


Wintering beef calves to gain 0.75 to 1.00 lb. per head daily 


If a gain of much more than 1.00 lb. per 
head daily is desired, it will usually be neces- 
sary to add 2 lbs. or more of grain to these 
rations. 

1. Legume hay or mixed hay containing at 

least one-half legumes, 12 to 15 lbs. 

2. Corn silage or sorghum silage, 25 to 35 

lbs.; soybean oil meal, cottonseed meal, 
linseed meal, or other high-protein sup- 
plement, 1 lb.; ground limestone, 0.1 lb. 
unless silage is raised on soil well sup- 
plied with calcium. 

3. Corn silage or sorghum silage, 20 to 30 

lbs.; legume hay, 3 to 4 lbs. 


4. Prairie hay, other grass hay, or com or 

sorghum fodder, 10 to 14 lbs.; cotton- 
seed meal, soybean oil m^al, or other 
high-protein supplement, 0.75 to 1.00 
lb.; ground limestone, 0.1 lb. unless 
roughage is raised on soil well supplied 
with calcium. 

5. Prairie hay, other grass hay, or corn or 

sorghum fodder, 8 to 12 lbs.; ground 
barley, oats, grain sorghum, or wheat, 
2 lbs.; ground limestone, 0.1 lb. unless 
roughage is raised on soil well supplied 
with calcium. 


Wintering beef yearlings 

In general the same types of rations are amounts of feed are required and some of 
satisfactory as have been suggested for win- the roughage may consist of such cheap feeds 
tering beef calves, except that greater as com or sorghum stover, or cereal straw. 

Calves being fattened for baby beef, average weight 600 lbs. 



1. Corn or sorghum silage, 10 lbs. or more; 

alfalfa or other legume hay, 2 lbs. or 
more; corn or ground grain sorghum, 
10 lbs.; soybean oil meal, linseed meal, 
cottonseed meal, or other high-protein 
supplement, 1.25 to 1.5 lbs. 

2. Alfalfa, soybean, or cowpea hay, 4 to 5 

lbs.; corn or grain sorghum, 11 lbs.; 
cottonseed meal, linseed meal, or other 
high-protein supplement, 0.50 to 0.75 
lb. If 6 lbs. or more of legume hay of 
good quality are fed, no protein supple- 
ment is needed. 

3. Alfalfa, soybean, or cowpea hay, 4 to 5 

lbs.; ground barley, wheat, or oats, 12 
lbs. 

4. Red clover hay, 4 to 5 lbs.; corn or 

ground grain sorghum, 11 lbs.; soybean 


oil meal, linseed meal, cottonseed meal, 
or other high-protein supplement, 1.0 to 
1.25 lbs. 

5. Clover-and-timothy hay (containing 30 

per cent or more clover), 4 to 5 lbs.; 
corn or ground grain sorghum, 11 lbs.; 
cottonseed meal, soybean oil meal, or 
other high-protein supplement, 1.5 lbs. 

6. Corn or sorghum silage, 16 lbs.; corn or 

ground grain sorghum, 10 lbs.; cotton- 
seed meal, soybean oil meal, linseed 
meal, or other high-protein supplement, 
1.5 to 2 lbs.; ground limestone, 0.1 lb. 

7. Cottonseed hulls, 4 lbs.; cowpea hay, 2 

lbs.; corn or ground grain sorghum, 10 
lbs.; cottonseed meal or other high-pro- 
tein supplement, 1,5 lbs. 
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Fattening yearling cattle, 

1. Com or sorghum silage, 15 lbs.; alfalfa 

or other legume hay, 3 lbs.; corn or 
ground grain sorghum, 13 lbs.; linseed 
meal, cottonseed meal, or other high- 
protein supplement, 1 lb. 

2. Alfalfa, soybean, or cowpea hay, 6 to 8 

lbs.; corn or other grain, 14 lbs. 

3| F€a75over hay, 6 to 8 lbs.; corn or ground 
grain sorghum, 13.5 lbs.; cottonseed 
meal, soybean oil meal, or other high- 
protein supplement, 0.5 lb. 

4. Red clover hay, 6 to 8 lbs.; ground barley, 
wheat, or oats, 14 lbs. 


average weight 900 lbs. 

5. Clover-and-timothy hay (containing 30 

per cent or more clover), 6 to 8 lbs.; 
corn or ground grain sorghum, 13 lbs.; 
soybean oil meal, linseed meal, cotton- 
seed meal, or other high-protein supple- 
ment, 1 to 1.25 lbs. 

6. Corn or sorghum silage, 20 lbs.; corn or 

ground grain sorghum, 13 lbs.; high- 
protein supplement, 1.5 to 1.75 lbs.; 
ground limestone, 0.1 lb. 

7. Cottonseed hulls, 6 lbs.; cowpea hay, 2 

lbs. or more; corn or ground grain sor- 

f hum, 13 lbs.; cottonseed meal or other 
igh-protein supplement, 1.5 lbs. 


Fattening 2-year-old cattle, weight 1,000 lbs. 


1. Corn o& sorghum silage, 25 lbs.; alfalfa, 

soybean, or cowpea hay, 4 lbs.; corn or 
ground grain sorghum, 14 lbs. Adding 

0.5 lb. high-protein supplement will in- 
crease the rate of gain slightly and may 
be profitable. The supplement should be 
added if less legume is fed. 

2. Corn or sorghum silage, 25 lbs.; red clover 

hay, 4 lbs.; corn or ground grain sor- 
ghum, 14 lbs.; linseed meal, cottonseed 
meal, or other high-protein supplement, 
1.0 lb. 

3. Alfalfa, soybean, or cowpea hay, 10 lbs.; 

corn or other grain, 15 lbs. 

4. Red clover hay, 10 lbs.; corn or ground 

grain sorghum, 14.5 lbs.; cottonseed 


meal or other high-protein supplement, 
0.51b. 

5. Clover-and-timothy hay (containing 30 

per cent or more clover), 10 lbs.; corn 
or ground grain sorghum, 14 lbs.; soy- 
bean oil meal or other high-protein sup- 
plement, 1.0 lb. 

6. Corn or sorghum silage, 30 lbs.; corn or 

ground grain sorghum, 14 lbs.; linseed 
meal or other high-protein supplement, 
1.5 lbs.; ground limestone, 0.1 lb. 

7. Cottonseed hulls, 7 lbs.; cowpea hay, 3 

lbs.; corn or ground grain sorghum, 14 
lbs.; cottonseed meal or other high-pro- 
tein supplement, 1.5 lbs. 


Sheep 


Wintering pregnant ewes up to 4 to 6 

1. Good-quality legume hay or mixed le- 

gume-and-grass hay containing 50 per 
cent legumes, 3.6 to 4.5 lbs. 

2. Legume hay, 2.6 to 3.3 lbs.; com or sor- 

ghum silage, 2.0 to 3.0 lbs. 

3. Com fodder, sorghum fodder, corn stover, 

sorghum stover, or cereal straw, full-fed 
(1.0 to 2.0 lbs.); legume hay, 2.0 lbs. 
It may be necessary to add 0.25 to 0.50 
lb. grain to this ration to keep the ewes 
in the desired condition. 


weeks before lambing, weight 120 lbs. 

4. Roots, 2.0 to 3.0 lbs.; legume hay, 3.1 to 

3.6 lbs. 

5. Early-cut, well-cured grass hay, 1.8 to 2.3 

lbs.; legume hay, 1.8 to 2.3 lbs. 

6. Early-cut grass hay, 2.3 to 3.0 lbs.; corn 

or sorghum silage, 2.0 to 3.0 lbs.; 0.25 
lb. linseed meal or other high-protein 
supplement; 0.25 ounce ground lime- 
stone per head daily. 


Wintering pregnant ewes during 4 to 6 weeks before lambing 

To one of the preceding roughage allowances, add 0.5 lb. per head daily (or more 
if necessary) of one of the concentrate mixtures listed later. 

Ewes not on pasture nursing lambs 

To one of the preceding roughage allowances, add 1.0 lb. or slightly more of one of 
the following concentrate mixtures; 
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Concentrate or grain mixtures for ewes 

These concentrate mixtures are suitable for ewes which are nursing lambs or for preg- 
nant ewes. 

A. For feeding when at least one-half the roughage (on the dry basis) is actually 

good legume roughage. 

1. Oats, 67 lbs.: wheat bran, 33 lbs. 4. Oats, 50 lbs.; corn, 50 lbs. This mixture 


1. Oats, 67 lbs.; wheat bran, 33 lbs. 

2. Corn or other grain, 50 lbs.; oats, 20 lbs.; 

wheat bran, 20 lbs.; linseed meal, 10 
lbs. 

3. Corn, 80 lbs.; linseed meal, 20 lbs. 


is slightly too low in'protein for 

ewes nursing lambs unless nearly all &f 
the roughage is legume forage. 

5. A good mixed dairy feed containing 12 to 
14 per cent total protein. 


B. For feeding when only a small part or none of the roughage is legume 


(When fed such roughage, ewes nursing 
lambs should receive 1.25 lbs. per head 
daily of concentrate mixture.) 

1. Oats, 30 lbs.; corn or other grain, 20 lbs.; 
wheat bran, 30 lbs.; linseed meal or 
other high-protein supplement, 20 lbs. 


2. Oats, 60 lbs.; wheat bran, 25 lbs.; linseed 

meal or other high-protein supplement, 
15 lbs. 

3. A good mixed dairy feed containing 16 to 

18 per cent total protein. 


Fattening lambs on full feed, weight 70 lbs. 


1. Legume hay, 1.4 lbs.; corn or grain sor- 

ghum, 1.5 lbs. The addition of 0.1 lb. 
high-protein supplement will increase 
the gains a trifle, but will usually not be 
profitable. 

2. Legume hay, 1.4 lbs.; barley, wheat, or 

oats, 1.5 lbs. 

3. Corn or sorghum silage, 1.75 lbs.; legume 

hay, 0.75 lb.; corn or other grain, 1.5 
lbs.; linseed meal, cottonseed meal, or 
other high-protein supplement, 0.10 lb. 
Lambs will make satisfactory gains 
without the supplement, if at least this 
much good legume hay is fed. How- 
ever, unless supplements are unusually 


high in price, it will generally pay to 
add the supplement. 

4. Corn or sorghum silage, 3.0 to 4.0 lbs.; 

corn or other grain, 1.5 lbs.; cottonseed 
meal, linseed meal, soybean oil meal, 
or other high-protein supplement, 0.20 
to 0.30 lb.; ground limestone, 0.25 
ounce. 

5. Mixed clover-and-grass hay, 1.4 lbs.; corn, 

1.5 lbs.; linseed meal, 0.10 to 0.15 lb. 

6. Cottonseed hulls, 1.0 lb.; cowpea hay, 

0.50 lb.; com or other grain, 1.5 lbs.; 
cottonseed meal or other high-protein 
supplement, 0.15 to 0.20 lb. 


Horses and Mules 

Horses and mules at hard work, weight 1,200 lbs. 

1. Grass hay, 12 lbs.; oats, 16 lbs. 4. Legume hay, 6 lbs.; grass hay, 6 lbs.; corn, 

2. Grass hay, 12 lbs.; corn, 13 lbs.; linseed 14 lbs. 

meal or other high-protein supplement, 5. Shredded com fodder, 6 lbs.; legume hay, 
1 lb. 6 lbs.; oats, 15 lbs. 

3. Legume hay, 12 lbs.; corn, 13.5 lbs. 6. Oats or barley straw, chopped, 4 lbs.; leg- 

ume hay, 8 lbs.; oats, 16 lbs. 

Horses and mules at medium work, weight 1,200 lbs. 

1. Grass hay, 14 lbs.; oats, 11 lbs. 4. Legume hay, 7 lbs.; grass hay, 7 lbs,; corn, 

2. Grass hay, 14 lbs.; corn, 9 lbs.; linseed 9.5 lbs. 


meal or other high-protein supplement, 5. Shredded corn fodder, 7 lbs.; legume hav 
n itc ru Tf ia n 0 


0.75 lb. 

3. Legume hay, 14 lbs.; corn, 9 lbs. 


7 lbs.; oats, 10 lbs. 

6. Oat or barley straw, chopped, 5 lbs.; leg- 
ume hay, 9 lbs.; oats, 11 lbs. 


f. 
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Horses and mules at light work, weight 1,200 lbs. 


1. Grass hay, 16 lbs.; oats, 6 lbs. 

2. Grass hay, 16 lbs.; corn, 4.5 lbs.; linseed 

meal or other high-protein supplement, 

0.5 lb. 

3. Legume hay, 16 lbs.; corn, 4 lbs. 


4. Legume hay, 8 lbs.; grass hay, 8 lbs.; corn, 

4.5 lbs. 

5. Shredded corn fodder, 8 lbs.; legume hay, 

8 lbs.; oats, 5 lbs. 

6. Oat or barley straw, chopped, 6 lbs.; leg- 

ume hay, 10 lbs.; oats, 6 lbs. 


^ s#*** Idle h orses and mules, live weight 1,200 lbs. 

1. Grass hay, 17.5 lbs.; linseed meal or other 5. Corn or sorghum silage, 15 lbs.; oat or 

high-protein supplement, 0.75 lb. barley straw, 6 lbs.; legume hay, 7 lbs. 

2. Legume hay, 17 lbs. 6. Oat or barley straw, 6 lbs.; legume hay, 

3. Legume hay, 9 lbs.; grass hay, 9 lbs. 12 lbs. 

4. Com or sorghunr stover, 11 lbs.; legume 

hay, 8 lbs. 

Brood mares nursing foals, but not at work, live weight 1,200 lbs. 


1. Alfalfa, '’soybean, or cowpea hay, 16 lbs.; 

corn or other grain, 6 lbs. 

2. Red clover hay, 16 lbs.; oats or ground 

barley, 3 lbs.; corn, 3 lbs. 

3. Mixed clover-and-timothy hay ( containing 


30 per cent or more clover), 16 lbs.; 
oats, 6 lbs. 

4. Timothy or other grass hay, 16 lbs,; oats, 
3 lbs.; bran, 3 lbs.; linseed meal or 
other high-protein supplement, 1 lb. 


Swine 


Except where indicated, the amounts of 
feed stated are the amounts in each 100 lbs. 


feed mixture. In areas where there is like- 
lihood of a trace-mineral deficiency, trace- 


of concentrate mixture, and not the amounts mineralized salt should be used instead of 


eaten per head daily. 

Salt should be supplied, free-choice, in 
addition to these rations, or else 0.5 lb. of 
salt should be added to each 100 lbs. of the 


ordinary salt, or a mineral supplement con- 
taining trace minerals should be provided, 
free-choice. 


Brood sows, gilts, and boars 


An excellent ration for pregnant brood 
sows and gilts is merely sufficient corn or 
other grain, with choice legume hay fed in 
a rack, and either 0.25 to 0.35 lb. per head 
daily of tankage, meat scraps, or fish meal, 
or else 4 to 5 lbs. skimmilk or buttermilk 
per head daily. 

The following mixtures are also excellent 
for brood sows, gilts, and boars. The first of 
the following tables gives mixtures which are 
well adapted for feeding in dry lot, without 
pasture, to pregnant gilts, to suckling sows of 
all ages, and to boars. 

The second table gives mixtures for 
feeding in dry lot, without pasture, to preg- 


nant sows which are a year or more old. Such 
sows need less protein than pregnant gilts or 
than sows which are nursing litters. 

If desired, the proportion of legume hay 
in a mixture for pregnant sows and for boars 
may be increased to 20 lbs. per 100 lbs. of 
mixture. On the other hand, for sows that are 
nursing litters, it may be wise to reduce the 
proportion of legume hay to 5 or 10 lbs. per 
100 lbs. of mixture. 

The third table gives in separate divi- 
sions suitable mixtures for feeding on good 
pasture to pregnant gilts and then mixtures 
for feeding to pregnant sows that are a year 
old or older. 


L- 


IB 
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Mixtures for pregnant gilts and suckling sows of all ages — not on pasture 


Ground corn or grain sorghum . . 

Ground barley or wheat 

Ground oats 

Wheat middlings 

Tankage, meat scrap, or fish meal 

Soybean oil meal 

Legume hay 

Phosphorus supplement 

Ground limestone 

Total 


Mixtures for pregnant yearling and older sows — not on pasture 


Ground corn or grain sorghum . . 

Ground barley or wheat 

Ground oats 

Wheat middlings 

Tankage, meat scrap, or fish meal 

Soybean oil meal 

Legume hay 

Phosphorus supplement 

Ground limestone 

Total 


1 

2 

3 

4 

5 

6 

7 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

75 

59 

52 

69 

72 








81 

79 



25 






20 






io 

6 

8 


*4 

^4 

2#'* 




is 

9 


4 

15 

15 

is 

15 

15 

is 

15 




0.4 







0.6 




100 

100 

100 

! 100 

100 

100 

100 



12 7 

15 15 15 

0.4 

0.6 

Too | iocTj ioo 


Pregnant gilts and older sows on good pasture 



Pregnant gilts 

•• 1 ; •• Older preg 

1 

2 3 

4 12 

Lbs. 

Lbs. Lbs. 

Lbs. Lbs. Lbs, 

93 

75 70 

95 78 



79.5 . . 


25 



20 

20 ! ! 20 

7 

5 

5 


5 

2 



0.5 . . 

i— * 

o 

o 

100 100 

100 il 100 100 


Ground corn or grain sorghum . . 

Ground barley or wheat 

Ground oats 

Wheat middlings 

Tankage, meat scrap, or fish meal 

Soybean oil meal 

Phosphorus supplement 

Total 


Pig pre-starters for early-weaned pigs 

1. Rolled oats or oat groats, 1,050 lbs.; mo- dried, low h 

lasses, 200 lbs.; sugar, 200 lbs.; soybean 200 lbs.; soy] 

oil meal, 400 lbs.; dried skimmilk, 100 protein, re-g 

lbs.; phosphorus supplement, 20 lbs.; bilized lard, 

ground limestone, 20 lbs.; trace-min- solubles, 50 

eralized salt, or salt plus a trace-mineral 11 lbs.; ca 

mixture, 10 lbs.; plus vitamin and anti- iodized salt, 

biotic pre-mix, supplying vitamins A, D, ture, 4 lbs.; < 

riboflavin, niacin, calcium pantothenate, lbs.; brewers 

choline, vitamin Bi 2 , and an effective beet pulp, 4 

antibiotic; total 2,000 lbs. ( 111. Cir. and arsonic s 

^19.) supplying th 

2. Yellow com, fine-ground, 235 lbs.; sugar, preceding foi 

cane or beet, 200 lbs.; dextrose (corn mine, pantot 

sugar), 100 lbs.; oat groats, finely- doxine, folic 

ground, 100 lbs.; dried skimmilk, spray- acid, ascorbi< 



dried, low heat, 800 lbs.; dried whey, 
200 lbs.; soybean oil meal, solvent, 50% 
protein, re-ground fine, 100 lbs.; sta- 
bilized lard, 100 lbs.; condensed fish 
solubles, 50 lbs.; dicalcium phosphate, 
11 lbs.; calcium carbonate, 3 lbs.; 
iodized salt, 10 lbs.; trace-mineral mix- 
ture, 4 lbs.; com steep water, dried, 20 
lbs.; brewers" dried yeast, 20 lbs.; dried 
beet pulp, 40 lbs.; vitamin, antibiotic, 
and arsonic supplement pre-mix, 7 lbs., 
supplying the vitamins stated in the 
preceding formula and also niacin, thia- 
mine, pantothenic acid, choline, pyri- 
doxine, folic acid, para-amino-benzoic 
acid, ascorbic acid, vitamin E, and vi- 
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tamin K, 7 lbs,; total, 2,000 lbs. (Iowa cium carbonate, 9 lbs.; iodized salt, 10 

o v m kp e0 ‘ r pt*) lbs.; trace-mineral mixture, 4 lbs.; corn 

6 . Yellow corn, fine-ground, 300 lbs.; sugar, steep water, dried, 20.5 lbs.; brewers’ 

cane or beet 300 lbs.; dextrose (com dried yeast, 20 lbs.; dried beet pulp, 

sugar), 100 lbs.; oat groats, finely- 40 lbs.; methionine, 0.5 lb.; vitamin, 

ground, 100 lbs.; dried whey, 300 lbs.; antibiotic, and arsonic supplement pre- 
soybean oil meal, solvent, 50% protein, mix as in preceding formula, 7 lbs.; 

re-ground fine, 600 lbs.; stabilized lard, pepsin (proteolytic enzyme, 1:3,000)’ 

* ^ i ? s *J ^ndensed fish solubles, 50 5 lbs.; total, 2,000 lbs. (Iowa Station, 

lbs.; dicalcium phosphate, 34 lbs.; cal- mimeo. rpt. ) 

Pig starters, or mixtures for creep-feeding suckling pigs 

1. For pigs on good pasture a simple ration 3. For pigs in dry lot. Ground yellow corn, 

is excellent, sYich as self-fed, free- 46 lbs.; ground oat groats, 30 lbs.; soy- 

choice, yellow corn (coarsely ground or bean oil meal, 18 lbs.; dried skimmilk, 

shelled) or. else hulled oats or rolled 5 lbs.; plus vitamin, antibiotic, and 

oats, or a mixture of corn and oats, with mineral supplements as in preceding ra- 

one ^f the protein supplemental mix- tion. 

tures advised in Chapter XXXIV for 4. For pigs in dry lot. Ground yellow corn, 
pasture feeding, also self -fed free- ground grain sorghum, or ground wheat, 

choice. .( 1422) 34 lk St . rolled oats or ground oat 

2. For pigs in dry lot. Ground yellow corn, groats, 30 lbs.; soybean oil meal, 5.5 

80 lbs.; soybean oil meal, 12 lbs.; fish lbs.; meat scrap, 5 lbs.; fish meal, 5 lbs.; 

meal, 1 lb.; meat scrap, 3 lbs.; dehy- dried skimmilk, 10 lbs.; sugar, cane or 

drated alfalfa meal, 2-4 lbs.; mineral glucose, 10 lbs.; iodized salt, 0.5 lb.; 

mixture (equal parts phosphorus sup- plus vitamin and antibiotic supple- 

plement, ground limestone, and trace- ments. 

mineralized salt), 1.5 lbs.; antibiotic- 
vitamin Bi 2 feed supplement, 0.5 lb,; 
vitamin A-D supplement, 0.1 lb. 

Growing and fattening pigs 

In addition to these rations, salt should supplements is fed, the grain should be 

be supplied in a suitable mineral box or ground. Legume hay should be ground or 

feeder, or 0.5 lb. of salt should be mixed chopped very finely for use in a feed mixture, 

with each 100 lbs. of the entire ration. Also, In these rations other plant-protein sup- 

except where a phosphorus supplement or plements can be substituted for soybean oil 

ground limestone is included in the mixture, meal or linseed meal, when used as advised 

it is advisable to provide a suitable calcium- in the discussions of the various supplements 

phosphorus mineral mixture separately. in Part II. Another plant-protein supplement 

An antibiotic-vitamin B12 feed supple- should be substituted for all or part of the 

ment should be added to rations for growing soybean oil meal only when the quality of 

and fattening pigs not on excellent pasture. protein in the ration will still be satisfactory. 

Where a mixture of grain and protein 

A. Supplemental mixtures for self-feeding, free-choice, to pigs not on pasture, in 
addition to com or grain sorghum, also self-fed, free-choice 

As is stated in Chapter XXXVI, when 1. The trio mixture or modifications of it. See 
such supplemental mixtures are self-fed, free- Articles 1418-1420 for discussions of 

choice, with barley, wheat, oats, or rye, the trio mixture and modifications which 

which are all higher in protein than corn or can be made in it. The original trio mix- 

grain sorghum, the pigs may eat more of the ture contained 50 lbs. tankage, meat 

supplement than they need. To prevent waste scrap, or fish meal; 25 lbs. good-quality 

of the expensive supplement, the proper alfalfa or other legume hay; and 25 lbs. 

amount of supplemental mixture may be linseed meal, soybean oil meal, cotton- 

hand-fed, or the desired proportion of the seed meal, or other high-protein supple- 

supplemental mixture may be mixed with ment of plant origin. When tankage, 

ground grain, and the mixture self-fed. meat scrap, and fish meal are high in 

(1391) price or limited in supply, the propor- 
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tion of animal-protein supplement may 
be reduced, as in the following mix- 
tures. Also, if the pigs are well started 
on good pasture before being placed in 
dry lot, the proportion of legume hay 
may be reduced, as in supplemental 
mixture No. 4. 

2. Tankage, meat scrap, or fish meal, 40 lbs.; 
legume hay, 25 lbs.; soybean oil meal, 
20 lbs.; linseed meal, peanut oil meal, 
or cottonseed meal, 14 lbs.; salt. 1 lb. 


3. Tankage, meat scrap, or fish meal, 20 lbs.; 

legume hay, 25 lbs.; soybean oil meal, 
30 lbs.; linseed meal, cottonseed meal 
or peanut oil meal, 20 lbs.; ground lime- 
stone, 3 lbs.; salt, 2 lbs. 

4. Tankage or meat scrap, 20 lbs.; fish meal, 

20 lbs.; soybean oil meal, 40 lbs.; cot- 
tonseed meal, 10 lbs.; alfalfa leaf meal, 
10 lbs. ^ <***%>> 


§ m ^ ■ 

! 1 

;|l‘i 

I 'll 


B. Supplemental mixtures for self-feeding, free-choice, to pigs on good pasture, in 
addition to corn or grain sorghum, also self-fed, free-choice 


1. One-half tankage, meat scrap, or fish meal, 

and one-half soybean oil meal, cotton- 
seed meal, linseed meal, or other high- 
protein supplement of plant origin. 

2. Tankage, meat scrap, or fish meal, 40 lbs.; 

soybean oil meal, 40 lbs.; linseed meal, 


cottonseed meal, or peanut oil meal, 19 
lbs.; salt, 1 lb. 

3. Tankage, meat scrap, or fish meal, 20 lbs.; 
soybean oil meal, 50 lbs.; lipseed meal, 
cottonseed meal, or peanut oil meal, 24 
lbs.; ground limestone, 4 lbs,; salt, 2 lbs. 


C. Other rations for growing and fattening pigs not on pasture 

1. Corn or grain sorghum, self-fed; skimmilk termilk, 4 to 5 lbs. per head daily; 

or buttermilk, 6 lbs. per head daily; choice alfalfa hay fed in rack, 

choice alfalfa hay fed in rack. 3. Corn or grain sorghum, self-fed; tankage, 

2. Barley or wheat, self-fed; skimmilk or but- meat scrap, or fish meal, self-fed, free- 

choice; choice alfalfa hay fed in rack. 


D. Other rations for growing and fattening pigs on good pasture 

1. Corn or grain sorghum, self-fed; skimmilk 3. Corn or grain sorghum, self-fed; tankage, 

or buttermilk, 3 to 4 lbs. per head daily. meat scrap, or fish meal, self-fed, free- 

2. Barley or wheat, self-fed; skimmilk or but- choice. 

termilk, 2 to 3 lbs. per head daily. 

E. Mixtures for self-feeding or hand-feeding to growing and fattening pigs of 
various weights, which are in dry lot, without pasture 

Any of the following mixtures are well will be noted that the proportion of protein 
suited for feeding to growing and fattening supplements steadily decreases as the pigs 
pigs which are in dry lot, without pasture. It become older. 

Mixtures for growing and fattening pigs in dry lot 


Corn 

Tankage, meat scrap, or fish meal 


Wheat standard middlings 


Phosphorus supplement 
Total 


Weaning 

50 to 

75 to 

125 to 

Over 

to 50 lbs. 

75 lbs. 

125 lbs. 

175 lbs. 

175 lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

72 

77 

82 

84 

87 

8 

8 

6 

5 

4 

15 

10 

7 

6 

4 

5 ■■■ 

5 

5 

5 

5 

100 

100 

100 

100 

100 

60 

65 

74 

76 

78 

15 

15 






10 

io 

io 

6 

*5 

5 

4 

3 

14 

10 

6 

5 

3.5 

5 

5 

5 

5 

5 

Too 

Too - 

100 

100 

0.5 

100 
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Mixtures for growing and fattening pigs in dry lot — continued . 




Weaning 

50 to 

75 to 

125 to 

Over 



to 50 lbs. 

75 lbs. 

125 lbs. 

175 lbs. 

175 lbs, 



Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

3. 

Corn 

55 

61 

72 

74 

77 


Wheat flour middlings 

.... 15 

15 





Wheat standard middlings 



10 

10 

10 


Tankage, meat scrap, or fish meal . . . . 

.... 6 

5 

5 

4 

3 


Lirj&eed me^ 

.... 19 

14 

8 

7 

5 

'it 

Legume meat or hay 

5 

5 

5 

5 

5 


Total 

.... 100 

100 

100 

100 

100 

4. 

Corn 

.... 58 

63 

64 

66 

68 


Oats .* 

.... 15 

15 

20 

20 

20 


Tankage, meat scrap, or fish meal 

.... 8 

6 

5 

4 

3 


Soybean oil meal 

.... 14 

11 

6 

5 

4 


Legume meal or hay 

5 

5 

5 

5 

5 


Total 

.... 100 

100 

100 

100 

100 

5. 

*» 

Barley 

.... 72 

81 

86 

89 

90 


Tankage, meat scrap, or fish meal 

.... 6 

5 

4 

2 

2 


Linseed meal 

.... 17 

9 

5 

3 

2 


Legume meal or hay 

.... 5 

5 

5 

5 

5 


Phosphorus supplement 




0.5 

0.5 


Ground limestone 




0.5 

0.5 


Total 

.... 100 

100 

100 

100 

100 

6. Grain sorghum 

.... 76 

81 

85 

88 

89 

Tankage, meat scrap, or fish meal .... 

7 

6 

4 

2 

2 

Soybean oil meal 

. . . . 12 

8 

6 

4 

3 

Legume meal or hay 

.... 5 

5 

5 

5 

5 

Phosphorus supplement 




0.5 

0.5 

Ground limestone 

Total 

. . . . 100 

100 

100 

0.5 

100 

0.5 

100 


F. Mixtures for self-feeding or hand-feeding to growing and fattening pigs of 
various weights, which are on good pasture 



Mixtures for growing and fattening pigs on good pasture 


Corn 

Tankage, meat scrap, or fish meal 

Soybean oil meal 

Phosphorus supplement 

Total 

Corn 

Wheat flour middlings 

Wheat standard middlings 

Tankage, meat scrap, or fish meal 

Soybean oil meal 

Ground limestone 

Total 

Corn 

Oats 

Tankage, meat scrap, or fish meal 

Soybean oil meal 

Bone meal 

Ground limestone 

Total 


Weaning 

50 to 

75 to 

125 to 

Over 

to 50 lbs. 

75 lbs. 

125 lbs. 

175 lbs. 

175 lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

. 82 

87 

89 

92 

93 

7 

5 

4 

4 

3 

. 11 

8 

7 

4 

3.5 





0.5 

100 

100 

100 

100 

100 

70 

75 

77 

84 

85 

15 

15 

is 

10 

10 

5 

4 

3 

3 

2 

10 

6 

5 

3 

2 





1 

100 

100 

100 

100 

100 

68 

73 

75 

81 

84 

15 

15 

15 

10 

10 

7 

5 

4 

3 

2 

10 

7 

6 

5 

3 




0.5 

0.5 




0.5 

0.5 

100 

Too" 

100 

100 

100 



v ...... .. ;■ - 
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Mixture for growing and fattening pigs on good pasture— continued. 


Barley 

Tankage, meat scrap, or fish meal 


Phosphorus supplement 

Ground limestone 

Total 


Tankage, meat scrap, or fish meal 

Soybean oil meal 

Phosphorus supplement 

Ground limestone 

Total 


Weaning 

50 to 

75 to 

125 to 

Over 

to 50 lbs. 

75 lbs. 

125 lbs. 

175 lbs. 

175 lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

85 

91 

93 

99 

99 

5 

4 

3 



10 

5 

3 





0.5 

0.5 

' 6.5 



0.5 „ 

, 0.5,. 

-0^ 

100 

100 

100 

100 

T00r 

86 

91 

94 

95 

95 

6 

4 

3 

2 

2 

8 

5 

3 . 

2 

2 




0.5 

0.5 




0.5 

0.5 

100 

100 

100 

100 

100 


Poultry 

Formula patterns for mashes for chickens 

The following tables, based on present patterns for mashes for various classes of 
information concerning the nutrient require- chickens. (Hill, Norris, Scott, and Heuser, 
ments of chickens, show desirable formula New York, Cornell Feed Service No. 48. ) 

Recommended formula patterns for all-mash poultry rations 


Ingredients 

Starter 

Confinement 

grower 

Layer 

Breeder 

High-energy grain products ( corn, 
wheat, wheat red dog, milo, oat meal) 
Medium- and low-energy grain products 
(oats, barley, wheat flour middlings, 
wheat standard middlings, wheat 

Lbs. 
per ton 

Lbs. 
per ton 

Lbs. 
per ton 

Lbs. 
per ton 

800+ 

700+ 

900+ 

900+ 

bran) ! 

Vegetable protein supplements (soy- 
bean oil meal, corn gluten meal, 

0-400 

0-600 

0-500 

0-500 

peanut oil meal ) 

Animal protein supplements, minimum 
levels (fish meal, fish solubles, meat 

400-600 

350-450 

250-350 

200-300 

scrap) 

Other B-vitamin carriers (dried milk 
products, dried yeast, distillers dried 

50-100 

30- 80 


50-100 

solubles, fermentation solubles ) .... 

50-100 

30-100 

— - 

50-100 

Dehydrated alfalfa meal 

Additional riboflavin, vitamin B 12 , cal- 
cium pantothenate, niacin and vita- 

50-100 

50-100 

50-100 

50-100 

min A when needed * 

Vitamin Da (feeding oils or D-activated 

+ 

+ 

+ 

+ 

animal sterols ) 

Calcium and phosphorus supplements 
( steamed bone meal, dicalcium phos- 
phate, defluorinated phosphate, lime- 

+ 

+ 

+ 

+ 

stone ) 

30- 50 

40- 60 

100-120 

100-120 

Salt 

5 

5 

10 

10 

Manganese sulfate (70% feeding grade) 

0.4 

0.4 

0.4 

0.4 

Antibiotic feed supplement 

+ 

? 

— 

— 


0 Refers to the use of supplements of riboflavin, calcium pantothenate, niacin, vitamin Bis and 
vitamin A sources of guaranteed vitamin content, or other vitamin-rich feedstuffs when the formula is 
otherwise deficient in any of these nutrients. 
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Recommended formula patterns for poultry mashes fed with grain 



j Growers 



Ingredients 

Confinement 

Pasture 

Layer 

Breeder 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

High-energy grain products ( corn, 
wheat, wheat red dog, milo, oat meal ) 
Medium and lc^energy grain products 
( oats, barley, wheat flour middlings, 
wheat standard middlings, wheat 

per ton 

per ton 

per ton 

per ton 

600+ 

500+ 

600+ 

600+ 

bran ) 

Vegetable protein supplement (soy- 
bean oil meal, - corn gluten meal. 

0-600 

0-800 

0-600 

0-600 

peanut oil meal) 

Animal protein supplements; minimum 
levels (fish meal, fish solubles, meat 

450-550 

400-500 

500-700 

400-500 

scrap ) 

Other B-vitamin carriers (dried milk 
products* dried yeast, distillers dried 

50-100 



100-150 

solubles, fermentation solubles) .... 

50-100 

— 

— 

100-150 

Dehydrated alfalfa meal 

Additional riboflavin, vitamin B i2 , cal- 
cium pantothenate, niacin and vita- 

100 


100-150 

100-150 

min A when needed * 

Vitamin D 3 (feeding oils or D-activated 

+ 

— 

+ 

+ 

animal sterols ) 

Calcium and phosphorus supplements 
(steamed bone meal, dicalcium phos- 
phate, defluorinated phosphate, lime- 

+ 


+ 

+ 

stone ) 

70- 90 

80-100 

90-120 

80-100 

Salt 

10 

20 

20 

20 

Manganese sulfate (70% feeding grade) 

0.5 

0.5 

0.5 

0.5 

Antibiotic feed supplement 

+ 

? 

— 

— 


* Refers to the use of supplements of riboflavin, calcium pantothenate, niacin, vitamin Bi 2 and 
vitamin A sources of guaranteed vitamin content, or other vitamin-rich feedstuffs when the formula is 
otherwise deficient in any of these nutrients. 



Laying hens and laying pullets 

In addition to the mash and scratch are based on alfalfa meal containing 100,000 

grain in these rations, oyster shell or another International Units of vitamin A potency per 

source of calcium should be available at all pound. If alfalfa meal of unknown or low 

times in hoppers. Plenty of fresh water content of vitamin A value is used, addi- 

should also be furnished. tional vitamin A supplementation will be 

Where alfalfa meal is used as a source of necessary. 


vitamin A (carotene), the recommendations 

A. Laying mashes with which an < 

1. Ground yellow corn, 795 lbs.; ground 2. 
wheat, 300 lbs.; soybean oil meal, 540 
lbs.; fish meal, 50 lbs.; meat and bone 
scrap, 50 lbs.; distillers dried corn solu- 
bles, 50 lbs.; alfalfa meal (high-qual- 
ity), 100 lbs.; dicalcium phosphate, 60 
lbs.; ground limestone, 40 lbs.; iodized 
salt, 15 lbs.; manganese sulfate (70%), 

0.5 lb.; riboflavin, 1,500 milligrams; vi- 
tamin A, 2,000,000 I.U. (in addition 
to the high-quality alfalfa meal); vita- 
min D, 1,360,000 I.C.U.; total, 2,000.5 
lbs. (Hill, Norris, Scott, and Heuser, 

N.Y., Cornell Feed Service No. 48. ) 


squal weight of grain is fed 

Ground barley, 200 lbs.; ground yellow 
corn, 400 lbs.; ground milo, 200 lbs.; 
ground wheat, 200 lbs.; wheat bran, 
300 lbs.; fish meal, 158 lbs.; meat and 
bone scrap, 50 lbs.; soybean oil meal, 
250 lbs.; dried whey, 50 lbs.; dehy- 
drated alfalfa meal, 150 lbs.; ground 
limestone, 40 lbs.; salt, 10 lbs.; man- 
ganese sulfate, 0.25 lb.; riboflavin, 1 
gram; vitamin D supplement, 2 lbs.; 
total, 2,010 lbs. (California Egg Laying 
Test, 1954.) ^ 

3. Ground wheat, 600 lbs.; ground yellow 
corn, 300 lbs.; ground barley, 180 lbs.; 
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pulverized oats, 200 lbs.; meat scrap, 
50 lbs.; fish meal, 50 lbs.; dried butter- 
milk or skimmilk, 50 lbs.; soybean oil 
meal, 374.5 lbs.; dehydrated alfalfa 
meal, 80 lbs.; ground limestone, 40 lbs.; 
steamed bone meal or equivalent, 55 
lbs.; iodized salt, 15 lbs.; manganese 


sulfate, 0.5 lb.; vitamin A oil (10,000 

I.U. per gram) 2 lbs.; dry vitamin D 
supplement (1,650 I.C.U. per gram), 
2 lbs.; plus riboflavin, vitamin B i2 , and 
antibiotic supplements. (Ontario Agri- 
cultural College, Circular 142A.) 


B. Ail-mash rations for laying hens 


1, High-energy mash. Ground yellow corn, 

1,150 lbs.; ground wheat, 300 lbs.; soy- 
bean oil meal, 280 lbs.; fish meal, 20 
lbs.; meat and bone scrap, 50 lbs.; dis- 
tillers dried corn solubles, 30 lbs.; al- 
falfa meal (high-quality), 50 lbs.; di- 
calcium phosphate, 30 lbs.; ground 
limestone, 80 lbs.; iodized salt, 10 lbs.; 
manganese sulfate, 0.4 lb.; riboflavin, 
600 milligrams; vitamin D, 680,000 
I.C.U. ; total, 2,000+ lbs. (Hill, Norris, 
Scott, and Heuser, N.Y., Cornell Feed 
Service No. 48.) 

2. High-energy mash. Ground yellow com, 

1,223 lbs.; wheat standard middlings, 
250 lbs.; soybean oil meal, 200 lbs.; 
meat and bone scrap, 100 lbs.; fish 
meal, 40 lbs.; dehydrated alfalfa meal 
(100,000 I.U. per lb.), 50 lbs.; butyl 
fermentation product (250 milligrams 
riboflavin per pound), 20 lbs.; steamed 
bone meal, 40 lbs.; ground limestone, 
60 lbs.; salt, 10 lbs.; manganese sulfate, 
0.25 lb.; vitamin A and D feeding oil 
(2,000 I.U. A and 400 I.C.U. Da per 
gram), 5 lbs.; vitamin B a2 supplement 
(3 milligrams B 12 per pound), 2 lbs.; 
niacin, 20 grams; total, 2,000.25 lbs. 
( Singsen, Matterson, and Kozeff, Conn. 
( Storrs) Bui. 286.) 


3. Ground yellow corn, 1,125 lbs.; ground 

barley or pulverized oats, 100 lbs.; 
wheat standard middlings, 200 lbs.; soy- 
bean oil meal, 250 lbs.; fish meal, 25 
lbs.; meat and bone scrap, 50 lbs.; de- 
hydrated alfalfa meal (17% protein, 

100,000 I.U. per lb.), 75 lbs.; distillers 
dried solubles, 50 lbs.; dicalcium phos- 
phate or equivalent, 32 IJjs.; ground 
limestone, 75 lbs.; iodized salt, 10 lbs.; 
dry vitamin D supplement ( 1,500 I.C.U. 
per lb.), 1 lb.; manganese sulfate, 0.25 
lb.; niacin, 18 grams; vitamin B 12 supple- 
ment contributing not less than 6 milli- 
grams of vitamin B i2 per ton of mash; 
approved antioxidant; total, 1,993.25 
lbs. (New England Conference, 1954.) 

4. Ground wheat, 1,100 lbs.; ground yellow 

corn, 455 lbs.; meat and bone scrap, 
50 lbs.; fish meal, 30 lbs.; dried butter- 
milk or skimmilk, 30 lbs.; soybean oil 
meal, 200 lbs.; dehydrated alfalfa, 50 
lbs.; steamed bone meal or equivalent, 
35 lbs.; ground limestone, 40 lbs.; io- 
dized salt, 10 lbs.; manganese sulfate, 

0. 25 lb.; vitamin A oil ( 10,000 I.U. per 
gram), 1 lb.; dry vitamin D (1,650 

1. C.U. per gram), 1 lb.; plus riboflavin, 
vitamin B 12 , and antibiotic supplements. 
(Ontario Agricultural College Circular 
142A. ) 


C. Mashes for breeders producing hatching eggs 


1. Mash to be fed with grain. Ground yellow 
com, 735 lbs.; ground wheat, 300 lbs.; 
soybean oil meal, 430 lbs.; fish meal, 
80 lbs.; meat and bone scrap, 100 lbs.; 
dried whey, 100 lbs.; alfalfa meal ( high- 
quality), 100 lbs.; distillers dried corn 
solubles, 50 lbs.; dicalcium phosphate, 
50 lbs.; ground limestone, 40 lbs.; io- 
dized salt, 15 lbs.; manganese sulfate, 
0.5 lb.; riboflavin, 3,200 milligrams; 
vitamin B 12 , 3 milligrams; vitamin A, 
2,000,000 I.U. (in addition to the high- 
quality alfalfa meal); vitamin D, 

1.360.000 I.C.U.; calcium pantothenate, 

4.000 milligrams; total, 2000+ lbs. 
(Hill, Norris, Scott, and Heuser, N.Y., 
Cornell Feed Service No. 48. 


2. All-mash ration. Ground yellow corn, 
1,120 lbs.; ground wheat, 300 lbs.; soy- 
bean oil meal, 220 lbs.; fish meal, 50 
lbs.; meat and bone scrap, 50 lbs.; dried 
whey, 50 lbs.; alfalfa meal (high-qual- 
ity), 50 lbs.; distillers dried corn solu- 
bles, 50 lbs.; dicalcium phosphate, 20 
lbs.; ground limestone, 80 lbs.; iodized 
salt, 10 lbs.; manganese sulfate, 0.4 lb.; 
riboflavin, 1,500 milligrams; vitamin Baa, 
2 milligrams; vitamin D, 680,000 I.C.U.; 
calcium pantothenate, 2,000 milligrams; 
total, 2,000+ lbs. (Hill, Norris, Scott, 
and Heuser, N.Y., Cornell Feed Service 
No. 48.) 
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D. Starter mashes for chicks 


1. Ground yellow corn, 925 lbs.; ground 
wheat, 300 lbs.; soybean oil meal, 475 
lbs.; fish meal, 50 lbs.; meat and bone 
scrap, 50 lbs.; dried whey, 50 lbs.; al- 
falfa meal (high-quality), 50 lbs.; dis- 
tillers dried corn solubles, 50 lbs.; 
dic&lcium j&osphate, 10 lbs.; ground 
limestone, So lbs.; iodized salt, 5 lbs.; 
manganese sulfate, 0.4 lb.; riboflavin, 
400 milligrams; vitamin Bis, 5 milli- 
grams; vitamin D, 540,000 I.C.U.; 
calcium pantothenate, 800 milligrams; 
plus antibiotic feed supplement; total, 
2,000+ lbs. (Hill, Norris, Scott, and 
Heuser, N.Y., Cornell Feed Service No. 
48.) 


2. Ground yellow com, 1,100 lbs.; wheat 
standard middlings, 100 lbs.; soybean 
oil meal, 500 lbs.; fish meal, 100 lbs.; 
alfalfa meal, 60 lbs.; distillers dried sol- 
ubles, 50 lbs.; butyl fermentation prod- 
uct, 20 lbs.; dicalcium phosphate or 
equivalent, 24 lbs.; ground limestone, 
30 lbs.; iodized salt, 10 lbs.; manganese 
sulfate, 0.5 lb.; dry vitamin D supple- 
ment (1,500 I.C.U. per gram), 0.5 lb.; 
niacin, 18 grams; choline chloride, 2.5 
lbs.; plus antibiotic-vitamin B 12 feed 
supplement and approved antioxidant. 
( New England College Conference, 
1954.) 


E. Grower mashes 


1. Without pasture, all-mash ration. Ground 

yellow corn, 1,095 lbs.; ground wheat, 
300 lbs.; soybean oil meal, 370 lbs.; 
fish meal, 30 lbs.; meat and bone scrap, 
50 lbs.; dried whey, 25 lbs.; alfalfa meal 
(high-quality), 50 lbs.; distillers dried 
corn solubles, 25 lbs.; dicalcium phos- 
phate, 20 lbs.; ground limestone, 30 
lbs.; iodized salt, 5 lbs.; manganese sul- 
fate, 0.4 lb.; vitamin B 12 , 2 milligrams; 
vitamin D, 270,000 I.C.U. ; calcium 
pantothenate, 2,000 milligrams; plus an- 
tibiotic feed supplement, if desired; to- 
tal, 2,000+ lbs. ( Hill, Norris, Scott, and 
Heuser, N Y., Cornell Feed Service No. 
48.) 

2. Mash to be fed with grain, without pas- 

ture. Ground yellow corn, 840 lbs.; 
ground wheat, 300 lbs.; soybean oil 
meal, 470 lbs.; fish meal, 50 lbs.; meat 
and bone scrap, 50 lbs.; dried whey, 50 


lbs.; alfalfa meal, 100 lbs.; distillers 
dried corn solubles, 50 lbs.; dicalcium 
phosphate, 40 lbs.; ground limestone, 40 
lbs.; iodized salt, 10 lbs.; manganese 
sulfate, 0.5 lb.; vitamin Bia, 5 milli- 
grams; vitamin D, 540,000 I.C.U.; cal- 
cium pantothenate, 3,000 milligrams, 
plus antibiotic feed supplement, if de- 
sired; total, 2,000+ lbs. (Hill, Norris, 
Scott, and Heuser, N.Y., Cornell Feed 
Service No. 48.) 

3. Mash to be fed with grain on good pas- 
ture. Ground corn, 665 lbs.; ground 
wheat, 600 lbs.; soybean oil meal, 600 
lbs.; dicalcium phosphate, 55 lbs.; 
ground limestone, 60 lbs.; iodized salt, 
20 lbs.; manganese sulfate, 0.5 lb,; plus 
antibiotic feed supplement, if desired; 
total, 2,000+ lbs. (Hill, Norris, Scott, 
and Heuser, N.Y., Cornell Feed Serv- 
ice No. 48. ) 
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Table VIII. Grain Feeding Tables for Dairy Cows 


l 1 


It has been emphasized previously 
that the amount of concentrates, or “grain 
mixture,” to be fed each cow in a herd 
should be adjusted to her actual produc- 
tion of milk and fat. Otherwise, some 
cows may be wastefully overfed and 
others seriously underfed. ( 1001) The 
common “thumb rules” often used for 
estimating the amount of grain mixture 
that should be fed to the various cows 
are not accurate guides to their real re- 
quirements. (1011) The amount of grain 
required by any cow can be determined 
by computing a balanced ration accord- 
ing to the feeding standards, but to do 
this for the individual cows in a herd 
takes considerable time. 

The following tables have therefore 
been prepared to indicate how many 
pounds of a good concentrate mixture, 
or so-called “grain mixture,” are required 
by cows producing various amounts of 
milk of different fat percentages. The 
first of these tables, Table Villa, is for 
cows not on pasture, and the second one, 
Table VUIb, is for cows which are on 
pasture. Sufficient amounts of grain mix- 
ture are advised to meet the higher set 
of recommendations in the Morrison 
feeding standards. (Appendix Table III.) 
When grain and other concentrates are 
very high in price in comparison with 
roughages, then it may be advisable to 
feed smaller amounts of grain mixture 
than shown in these tables. (1025-1027) 

The amounts of grain mixture ad- 
vised are for mature cows during the 
chief part of the lactation period. As has 
been emphasized previously, the amount 
of grain mixture should be increased very 
gradually after a cow freshens. (1031) 
Three weeks or more should be taken to 
get high producers on full feed. Even at 
that time and for a few weeks thereafter, 
high producers are often unable to con- 
sume safely as much grain as would be 
required to produce the amount of milk 
they are yielding. They therefore draw 
temporarily on the store of nutrients in 
their bodies. 

During the last 2 to 3 months of 
pregnancy, good cows should be fed 
somewhat more grain mixture than shown 


in the tables. This is to provide the addi- 
tional nutrients needed for the develop- 
ment of the unborn calf and to get the 
cow into proper condition for the next 
lactation. (1082) Since heifers need addi- 
tional feed for the growth of their own 
bodies, it is wise to fefv- them<-& little 
more liberally than the amounts shown 
in the tables. (See Appendix Table III.) 

Table Villa. Grain feeding table for 
cows not on pasture.— The amount of 
the grain mixture that it is necessary to 
feed daily to any particular cow will de- 
pend not only on the amount of milk 
she gives and on its richness in fat, but 
also on the amount and quality of the 
roughage she consumes. Also, it will de- 
pend to some extent on her live weight. 

This table therefore gives recom- 
mendations for three different rates of 
roughage feeding, as shown by the first 
three columns. The second column, in 
bold-faced type, gives the figures for the 
most common rate of feeding roughage 
to dairy cows. This rate is to feed ap- 
proximately 2 lbs. of good hay daily per 
100 lbs. live weight, or the equivalent 
in other good roughage (for example, 1 
lb. of good hay and 3 lbs. of silage). 

When cows are fed very liberally 
on roughage of excellent quality and the 
allowance of grain is restricted to their 
needs, they will consume per 100 lbs. 
live weight about 2.5 lbs, of hay equiva- 
lent. The first column of figures is de- 
signed to fit these conditions. 

The third column of figures is for 
use when cows are fed a scanty allow- 
ance of good roughage, or when they are 
fed as much poor roughage as they will 
consume without undue waste. This col- 
umn is designed for use when cows con- 
sume only about the equivalent of 1.5 
lbs. of good hay daily per 100 lbs. live 
weight. 

In using the table, first estimate 
approximately the number of pounds of 
hay equivalent the cows are actually 
consuming daily per 100 lbs. live weight, 
after deducting the wastage. In making 
this estimate, use the following conver- 
sion factors for converting the amounts 
of other roughages actually consumed 
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into the equivalent amounts of good hay. 
(Good-quality legume hay or well-cured, 
early-cut grass hay is taken as the stand- 
ard. ) 


Fair-quality hay 80 per cent 

Poor-quality hay; cut or 
shredded corn or 

„ sorghum ifScWer 60 per cent 

Good silage^otatoes, ...... 33 per cent 

Mangels; rutabagas; 

cabbage 20 per cent 

Oat straw; barley straw .... 50 per cent 


After estimating the pounds of good 
hay equivalent consumed per 100 lbs. 
live weight, then use the particular one 
of the first Hiree columns that most nearly 
fits the rate of roughage feeding. Go 
down this column to the amount of milk 
given by the particular cow, and then 
follow the horizontal row of figures across 
the table to the right until the column is 
reached for milk having the percentage 
of fat nearest to that of the milk pro- 
duced by the cow. The figure in this 
column shows the pounds of grain mix- 
ture to be fed daily to the cow. 

To illustrate the use of the table, 
let us assume that a cow yielding 36 lbs. 
of milk containing 3.5 per cent fat is 
being fed approximately 2.0 lbs. of good 
hay equivalent per 100 lbs. live weight. 
We go down the second column, which 
is for this rate of roughage feeding, until 
we come to the figure 36. We then go 
horizontally to the right across the table 
until we reach the column for 3.5 per 
cent fat, where we find the figure 10.8. 
Therefore this cow should be fed 10.8 
lbs. of a good grain mixture daily to 
meet her requirements. 

Adjustment for difference in live 
weights. — The amounts of grain mixture 
required by different cows producing the 
same amount and richness of milk de- 
pend somewhat on their respective live 
weights. When fed roughage at the usual 
rate, for each additional 100 lbs. a cow 
weighs in comparison with a smaller cow, 
she will consume approximately 2 lbs. 
more hay equivalent. This furnishes 
about 1.0 lb. total digestible nutrients. 
However, for each 100 lbs. increase in 
body weight, she requires for mainte- 


nance only about 0.65 to 0.70 lb. more 
total digestible nutrients. Therefore, for 
each 100 lbs. of additional body weight, 
she will have available for milk produc- 
tion approximately 0.35 to 0.30 lb. of 
total digestible nutrients. This will save 
about 0.4 lb. of grain mixture. 

This table and Table VUIb have 
been computed for cows of the follow- 
ing average weights; 

For 3.0, 3.5 and 4.0% 

milk 1,200 lbs. weight 

For 4.5 and 5.0% milk 1,000 lbs. weight 
For 5.5 and 6.0% milk 850 lbs. weight 

There will be no important error in 
using the tables for cows of other 
weights, unless the difference in weight 
is too great. If greater accuracy is de- 
sired, 0.4 lbs. should be deducted from 
the amount of grain mixture recom- 
mended in the table, for each 100 lbs. 
the weight of a given cow exceeds the 
standard weights shown above. If the 
weight of a cow is considerably less than 
these standard weights, 0.4 lb. should 
be added to the recommended amount 
of grain mixture for each 100 lbs. she 
weighs less than the standard used in 
the table for cows producing milk con- 
taining the given percentage of fat. 

Table VHIb. Grain feeding table for 
cows on pasture. — This table shows the 
approximate amounts of a good concen- 
trate mixture, or ‘grain mixture,” re- 
quired per head daily by cows on excel- 
lent, good, and fair pasture. The method 
of using this table is similar to that for 
Table Villa. 

The column of figures for excellent 
pasture is to be used for cows which are 
on pasture that provides an abundance 
of very palatable, nutritious forage. Such 
forage is furnished by usual grass pasture 
only during the flush of growth in late 
spring and early summer. Only pasture 
that is liberally fertilized and also well 
managed will generally furnish such pas- 
turage later in the season. 

The second column of figures, which 
is for good pasture, is for use when the 
cows have a plentiful supply of good pas- 
turage, but when the pasture can hardly 
be called excellent. On such pasture the 
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cows must be able to secure somewhat 
more feed from the pasture than they do 
from a full feed of good hay and average 
silage in winter. 

The third column of figures is for 
use when the cows are on fair pasture, 
but not on pasture that is distinctly poor. 
On poor pasture cows will need fully as 
large an allowance of grain mixture as 
when fed roughage at the rate shown in 
the third column of Table Villa. 

If a cow differs considerably in live 
weight from the weight used in com- 


puting this table, adjustments in the 
amount of grain mixture should be made, 
as previously stated in this explana- 
tion. 

These tables have been adapted 
from tables prepared by Mr. J. W. Avery, 
formerly in charge of the Central Dairy 
Record Club Laboratqp/ of the New 
York State College of Agriculture, and 
by Professor W, T. Crandall of the De- 
partment of Animal Husbandry of the 
New York State College of Agriculture, 
Cornell University. * 


Table Villa. Grain feeding table for cows not on pasture 


Hay equivalent consumed per 
100 lbs. of live weight daily 

^ lbs . 

2 lbs. Feeding 
lbs. Usual rate scanty 
Very liberal of feeding amount of 
feeding of good hay or good 
good good hay roughage or 

roughage and silage feeding poor 

roughage 


Milk produced daily , pounds 

3.0% 

3.5% 

4.0% 

Lbs. 

Lbs. 

Lbs. 

Lbs, 

Lbs. 

Lbs. 

17 

10 


.... 

.... 


19 

12 

... 

» • • « 

.... 

1.0 

21 

14 

• 

1.5 

2.0 

2.4 

23 

16 

9 

2.3 

2.8 

3.3 

25 

18 

11 

3.0 

3.6 

4.2 

27 

20 

13 

3.7 

4.4 

5.0 

29 

22 

15 

4.5 

5.2 

5.9 

31 

24 

17 

5.2 

6.0 

6.8 

33 

26 

19 

6.0 

6.8 

7.6 

35 

28 

21 

6.7 

7.6 

8.5 

37 

30 

23 

7.4 

8.4 

9.3 

39 

32 

25 

8.2 

9.2 

10.2 

41 

34 

27 

8.9 

10.0 

11.1 

43 

36 

29 

9.6 

10.8 

11.9 

45 

38 

31 

10.4 

11.6 

12.8 

47 

40 

33 

11.1 

12.4 

13.7 

49 

42 

35 

11.8 

13.2 

14.5 

51 

44 

37 

12.6 

14.0 

15.4 

53 

46 

39 

13.3 

14.8 

16.3 

55 

48 

41 

14.1 

15.6 

17.1 

57 

50 

43 

14.8 

16.4 

18.0 

59 

52 

45 

15.5 

17.2 

18.9 

61 

54 

47 

16.3 

18.0 

19.7 

63 

56 

49 

17.0 

18.8 

20.6 

65 

58 

51 

17.7 

19.6 

21.4 

67 

60 

53 

18.5 

20.4 

22.3 

69 

62 

55 

19.2 

21.2 

23.2 

71 

64 

57 

19.9 

22.0 

24.0 

73 

66 

59 

20.7 

22.8 

24.9 

75 

68 

61 

21.4 

23.6 

25.8 


Total pounds of grain mixture or concentrates to feed 


Percentage of fat in milk 


5.0% 

5.5% 

6.0% 

Lbs. 

Lbs. 

Lbs* 

2.2 

3.1 

3.5 

3.2 

4.2 

4.6 

4.2 

5.3 

5.7 

5.2 

6.3 

6.8 

6.2 

7.4 

8.0 

7.2 

8.4 

9,1 

8.2 

9.5 

10.2 

9.2 

10.5 

11.3 

10.2 

11.6 

12.5 

'11.2 

12.7 

13,6 

12.2 

13.7 

14.7 

13,2 

14.8 

15.8 

14.2 

15.8 

17.0 

15.1 

16.9 

18,1 

16.1 

18.0 

19.2 

17.1 

19.0 

! 20.3 

18.1 

20.1 

21.5 

19.1 

21.1 

22.6 

20.1 

22.2 

23.7 

21.1 

23.3 


22.1 



23.1 




' ‘ Regardless of the 

% amount of grain 
theoretically required by 
a cow, she should not 
be fed more than she can 
safely handle. 


APPENDIX 


1135 


Table Vlllb. Grain feeding table for cows on pasture 



Quality of pasture 



Total pounds of grain mixture or concentrates to feed 


Excellent Good 

Fair 



Percentage of fat in milk 




Milk produced daily 

3.0% 

3.5% 

4.0% 

4r5% 

5.0% 

5.5% 

6.0% 

Lbs, 

LbS. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

22 

dfj f 




.... 




1.2 

• 24 





» • . « 

i.2 

2.6 

2.3 

26 

**T7'\ ( 





1.9 

2.2 

3.1 

3.5 

28 

' 1 L 

*io 


• • 

1.6 

2.8 

3.2 

4.2 

4.6 

30 

2i 

12 

ii 

2.0 

2.4 

3.8 

4.2 

5.3 

5.7 

32 

23 • 

14 

2.3 

2.8 

3.3 

4.7 

5.2 

6.3 

6.8 

34 

25 

16 

3.0 

3.6 

4.2 

5.6 

6.2 

7.4 

8.0 

36 

27 

18 

3.7 

4.4 

5.0 

6.5 

7.2 

8.4 

9.1 

38 

29 

20 

4.5 

5.2 

5.9 

7.5 

8.2 

9.5 

10.2 

40 

31 

22 

5.2 

6.0 

6.8 

8.4 

9.2 

10.5 

11.3 

42 

. 33 

24 

6.0 

6.8 

7.6 

9.3 

10.2 

11.6 

12.5 

44 

# 35 

26 

6.7 

7.6 

8.5 

10.3 

11.2 

12.7 

13.6 

46 

37 

28 

7.4 

8.4 

9.3 

11.2 

12.2 

13.7 

14.7 

48 

39 

30 

8.2 

9.2 

10.2 

12.1 

13.2 

14.8 

15.8 

50 

41 

32 

8.9 

10.0 

11.1 

13.1 

14.2 

15.8 

17.0 

52 

43 

34 

9.6 

10.8 

11.9 

14.0 

15.1 

16.9 

18.1 

54 

45 

36 

10.4 

11.6 

12.8 

14.9 

16.1 

18.0 

19.2 

56 

47 

38 

11.1 

12.4 

13.7 

15.9 

17.1 

19.0 

20.3 

58 

49 

40 

11.8 

13.2 

14.5 

16.8 

18.1 

20.1 

21.5 

60 

51 

42 

12.6 

14.0 

! 15.4 

17.7 

19.1 

21.1 

22.6 

62 

53 

44 

13.3 

14.8 

16.3 

18.7 

20.1 

22.2 

23.7 

64 

55 

46 

14.1 

15.6 

17.1 

19.6 

21.1 

23.3 

Regard- 

66 

57 

48 

14.8 

16.4 

18.0 

20.5 

22.1 

less of the 

68 

59 

50 

15.5 

17.2 

18.9 

21.4 


amount of erain 

70 

61 

52 

16.3 

18.0 

19.7 

22.4 

theoretically required 

72 

63 

54 

17.0 

18.8 

20.6 

23.3 

by a cow, she should not 

74 

65 

56 

17.7 

19.6 

21.4 

be fed more than she can safely 
handle. 


Table IX. Estimating Weights of Dairy Cattle from 
Heart Girths 


In computing balanced rations for 
dairy cows and other dairy cattle, it is 
necessary to know their approximate live 
weights. If one does not have suitable 
scales available for weighing the cattle, 
their weights can be estimated approxi- 
mately by measuring the heart girth, or 
chest girth. In finding the heart girth, 
an accurate tape measure should be 
placed around the animal directly back 
of the front legs. The animal should stand 
squarely on all four legs. 


A mature cow is heavier than an 
immature cow having the same heart 
girth. Investigations by the Illinois and 
Nebraska Stations show that the most 
accurate estimate of the live weights of 
cows during the first month of lactation 
can be made if the number of inches 
shown in the first table is added to the 
actual heart girth. (Gaines, Davis, and 
Morgan, Journal Dairy Science, 24, 1941, 
pp. 983-992.) This gives the modified 
heart girth. 


Add the following number of inches to the actual heart girth 



Jerseys 

Inches 

Guernseys 

Inches 

Ayrshires 

Inches 

Holsteins 

Inches 

Less than 3 years old 

0 

2 

2 

6 

3 to 4 years old 

2 

4 

4 

8 

5 years old or more 

2 

5 

5 

9 
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After the actual heart girth has been the estimated heart girth is found in the 
modified by using the preceding table, table below: 

Estimated live weights of dairy cows from modified heart girths 


Mod. 

heart 

girth 

Weight 

Mod. 

heart 

girth 

Weight 

Mod. 

heart 

girth 

Weight 

Mod. 

heart 

girth 

Weight 

- 

Mod. 
heart 
■ gkth 

Weight 

Inches 

Lbs. 

Inches 

Lbs. 

Inches 

Lbs. 

Inches 

Lbs. 

st Inches 

Lbs. 

50 

475 

60 

666 

70 

886 

80 

1134 - ! 


14 n 

51 

493 

61 

687 

71 

910 

81 

llffi r 

"91 

1440 

52 

511 

62 

708 

72 

934 

82 

my 

92 

1469 

53 

530 

63 

729 

73 

958 

83 

1214 

93 

1499 

54 

548 

64 

751 

74 

982 

84 

1242- 

94 

1529 

55 

567 

65 

773 

75 

1007 

85 

1269 

95 

1559 

56 

586 

66 

795 

76 

1032 

86 

1297 

96 

1589 

57 

606 

67 

817 

77 

1057 

87 

1325 

97 

1620 

58 

626 

68 

840 

78 

1082 

88 

1353 

98 

1651 

59 

646 

69 

863 

79 

nos 

89 

1382 

99 

1683 


The approximate live weights of Nebraska and Missouri Stations. (Davis, 
dairy heifers may be estimated from the Morgan, Brody, and Ragsdale, Nebraska 
actual heart girths by the use of the Research Bulletin 91.) 
following table, based on studies by the 

Estimated weights of dairy heifers having various heart girths 


Heart 

girth 

Weight 

Heart 

girth 

Weight 

Heart 

girth 

Weight 

Heart 

girth 

Weight 

Heart 

girth 

Weight 

Inches 

Lbs. 

Inches 

Lbs. 

Inches 

Lbs. 

Inches 

Lbs. 

Inches 

Lbs. 

25 

52 

30 

87 

35 

135 

40 

196 

45 

274 

26 

58 

31 

95 

36 

146 

41 

211 

46 

292 

27 

64 

32 

104 

37 

157 

42 

226 

47 

311 

28 

71 

33 

114 

38 

170 

43 

241 

48 

330 

29 

78 

34 

124 

39 

183 

44 

257 

49 

350 
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Tables X. Amino Acid Content of Certain Feeds 

Amino acids in feeds. — The informa- percentage of total protein they contain, 
tion concerning the amounts of the essen- Table Xb indicates better than Table Xa 
tial amino acids in feeds is still very whether the protein in a particular feed 
limited, because of the expense and difE- is a good or a poor source of the impor- 
culty in making such determinations. The tant essential amino acids, 
following tables’ ’ show the approximate Sources of data. — The data pre- 

content of thes^ amino acids in important sented in these tables are based on a 
feeds, so far^C -jJ'it^are available. Very compilation of available data, made by 
little information .i-ys been secured con- the author. Much data has been pro- 
cerning the amoup of the essential v ided by the recent compilation of analy- 
amino acids in roughages, except alfalfa S es of by-product concentrates made by 
meal and alfalfa hay 4 . Donald E. Miller, technical secretary of 

It must be borne in mind that for the Committee on Feed Composition of 

most feeds amino acid determinations the National Research Council. The au- 
have been made on only a few lots of thor is a member of this committee and 
the feed, aftd the results have often dif- cooperated in the compilation by sup- 
fered appreciably. However, the tables plying data he had compiled. This com- 
indicate which feeds are low and which pilation has just been published in 

are higher in the amino acids that are preliminary form by the National Re- 

most apt to be deficient in rations for search Council. 

non-ruminants, especially pigs and poul- Analyses have been included from 

try. These amino acids are lysine, tryp- the following sources: Williams, Essen- 

tophan, and methionine. tial Amino Acid Content of Animal 

As cystine can partially replace Feeds, New York (Cornell) Memoir 337, 
methionine in a ration, the tables also 1955; Almquist, Proteins and Amino 
state the approximate content of cystine, Acids in Nutrition, edited by Sahyun, 
where cystine determinations have been 1948, p. 231; Schweigert, Texas, Poultry 
reported. Cystine itself is not an essential Science, 27, 1948, pp. 223-227; Block 
amino acid. and Bolling, The Amino Acid Composi- 

The first table. Table Xa, states the tion of Proteins and Foods, 1945. 
percentages of the several amino acids The author has also compiled amino 

in the entire feed, as fed. The second acid analyses published in the bulletins 
table. Table Xb, gives the percentages and reports of the agricultural experiment 
of the amino acids in the protein of each stations and in other scientific publica- 
feed. tions. 

Because feeds differ so widely in 


Table Xa. Percentages of amino acids in certain feeds 


Feeding stuff 

Arginine 

Cystine 

Glutamic 

acid 

Glycine 

Histi- 

dine 

Iso- 

leucine 

Leucine 


Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Alfalfa hay 

0.8 

... 



0.3 

1.0 

1.1 

Alfalfa-bromegrass hay 

Alfalfa meal, dehydrated, 17% 

0.7 

* * * 

••• 


0.3 

0.8 

1.0 

protein 

0.8 

0.4 

# • • 

* • • 

0.3 

0.9 

1.3 

Babassu oil meal 

2.9 


# 

* * « 

0.4 

1.1 

1.4 

Barley grain 

0.6 

0.2 



0.2 

0.5 

0.8 

Beet pulp, dried 

0.3 




0.2 

0.3 

0.6 

Blood flour 

3.4 




4.9 

1.1 

10.6 

Blood meal 

3.5 

1.4 


» • * 

4.2 

1.0 

10.3 

Brewers' grains, dried 

1.3 

. . . 



0.5 

1.5 

2.3 

Buttermilk, dried 

1.1 


7.3 


0.9 

2.7 

3.4 



I 

I 
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Table Xa. Percentages of amino acids in certain feeds continued 


Feeding stuff 

Cereals, young, dehydrated . 
Cereals, young, green pasture 

Coconut oil meal 

Corn, dent. Grade No. 2 . . . 
Corn gluten feed 


Corn gluten meal 
Corn oil meal . . . 
Cottonseed meal . 

Cowpeas 

Crab meal 


Distillers dried corn grains, 

with solubles ... 

Distillers dried corn grains, 

without solubles 

Distillers dried rye grains, with 

solubles 

Distillers dried wheat grains, 

with solubles 

Distillers solubles, dried, corn 

Distillers solubles, dried, rye . 
Distillers solubles, dried, sor- 
ghum 

Distillers solubles, dried, wheat 

Fish meal, all analyses 

Fish meal, herring 

Fish meal, menhaden 

Fish meal, redfish 

Fish meal, salmon, vacuum 
dried ........ . . . ........ 

Fish meal, sardine 

Fish solubles, condensed .... 


Fish solubles, dried ........ 

Hominy feed ..... .... . . . 

Linseed meal 

Liver meal, animal 

Meat scrap, 55% protein .... 

Meat and bone scrap, 50% 

protein 

Milk cow's ... . . . . .. .... . 

Milk, cow's colostrum 

Milk, ewe's 

Milk, mare's 


Milk, sow's 

Milo grain 

Oat grain 

Oat meal, or rolled oats 
Oat mill by-product . . . 


Pea seed, field 

Peanut oil meal, solvent process 

Rice, polished 

Rice bran 

Rice polishings ,."> . ... . 


Arginine 

Cystine 

Glutamic 

acid 

Glycine 

Histi- 

dine 

Iso- 

leucine 

Per et. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 



2.6 



1.3 



0.6 



0.3 

* 2.2 




0.3 

1.0 

0.4 

0.1 

2.8 

0.4 

0.2 

0.4 

0.8 


4.3 


0 . 6 - 

: 1.3 

1.4 

0.6 

8.3 

1.5 


*^ 2.3 

1.1 

0.5 

3.0 

1.1 ,, 

y $.6 

1.1 

3.3 

1.0 

6.3 

2.4 

* 0.9 

1.5 

1.7 




- 0.7 

1.1 

1.7 

... 



- 0.5 

1.2 

0.9 

• • « 

5.5 

0.5 

0.7 

1.7 

1.0 

. . . 


: : . 

0.6 

1.0 

1.0 


5.5 

* * 

0.7 

1.5 

1.1 


8.6 


0.8 

1.9 

1.0 

0.6 

4.3 

1.1 

0.7 

1.5 

1.0 




0.7 

1.8 

1.0 


7.2 


0.9 

0.9 

1.0 


9.2 


0.8 

1.6 

3.9 

0.8 

8.4 

4.4 

1.5 

3.6 

4.0 

1.6 


5.0 

1.3 

3.2 

4.0 




1.6 

4.2 

4.1 


* *"* ■. 


1.3 

3.5 

5.6 


' ' ■' ■ ' ■ j 


1.8 

3.8 

2.7 

0.8 


4.5 

1.8 


2.2 

1.4 

4.9 ! 

. 5.3 

2.4 

1.5 

2.6 




1.3 

2.1 

0.4 




0.2 

; o.4 

2.8 

0.6 



0.7 

1.9 

4.1 

0.9 

8.1 

5.6 

1.5 

3.3 

3.7 

0.6 | 

8,1 

2.2 

1.1 

1.9 

4.0 

0.6 

11.0 

6.6 

0.9 

1.7 

0.14 




0.10 

0.33 

0.64 




0.35 

0.71 

0.25 



4 m 

0.18 

0.40 

0.14 


: .Vvyj 


0.06 

0.14 

0.41 




0.20 

0.42 

0.4 

0.2 



0.2 

0.6 

0.7 

0.2 



0.2 

0.7 

1.0 




0.3 

0.5 

0.2 



! •** 

0.1 

0.2 

2.1 

0.3 





5.9 

0.7 


2.5 

1.2 

2.0 

0.6 

0.1 

. . . 

| 0.8 



0.5 

0.1 



0.2 


0.5 

0.1 



0.1 



APPENDIX 

Table Xa. Percentages of amino acids in certain feeds — continued. 


Feeding stuff 

Arginin 

Rye grain 

Per ct. 

0.5 

Safflower-seed oil meal, well- 
hulled 

5.4 

Sesame oil meal 

4.3 

Skimmilk, dried* 

1.2 

Sof ghum glvife C f$ ed ^ 

1.0 

Sorghum gluten me^ “> 

1.2 

Soybean oil meal a expeller 
process 

2.6 

Soybean oil meal, solvent proc- 
ess . 

3.2 

Sunflower-seed oil meal, well- 
hulled .. 

3.8 

Tankage, digester, 60% protein 

3.6 

Wheat bran 

1.0 

Wheat flour 

0.4 

Wheat germ 

1.6 

Wheat grain, hard spring .... 

0.7 

Wheat red dog 

1.0 

Wheat standard middlings . . . 

0.9 

Whey, dried 

0.4 

Whey product, dried 

Yeast, brewers’, dried 

1.0 

2.2 

Yeast, torula, dried 

2.6 


1.8 




1.9 

1.9 

‘ ■ 0.9 

0.3 

0.6 

3.7 

0.3 

0.6 


0.5 

1.2 

*. ; ; o.9 

0.2 

0.7 


0.4 

0.7 

4.1 0.4 

0.4 

0.8 

1.7 

0.2 

0.9 


0.1 

0.3 

; ! * 1.7 

1.1 

2.2 

2.7 

1.4 

2.9 




■■ 


Table Xa. Percentages of amino acids in certain feeds — continued. 


Methi- Phenyl- 

Feeding stuff Lysine onine alanine 


Alfalfa hay 

Alfalfa-bromegrass hay 

Alfalfa meal, dehydrated, 17% 

protein 

Babassu oil meal 

Barley grain 

Beet pulp, dried 

Blood flour 

Blood meal 

Brewers’ grains, dried 

Buttermilk, dried 

Cereals, young, dehydrated . . 
Cereals, young, green pasture . 

Coconut oil meal 

Com, dent. Grade No. 2 

Com gluten feed '. 

Com gluten meal 

Com oil meal 

Cottonseed meal 

Cowpeas 

Crab meal 




- , . . ■' *■' 
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Table Xa. Percentages of amino acids in certain feeds — continued 


Feeding stuff 

Lysine 

Methi- 

onine 

Phenyl- 

alanine 

Threo- 

nine 

Trypto- 

phan 

Tyro- 

sine 

Valine 

Distillers dried corn grains, 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

with solubles 

Distillers dried corn grains, 

0.7 

0.5 

1.7 

1.0 

0.1 

0.6 

1.6 

without solubles 

Distillers dried rye grains, with 

0.9 

0.4 

0.6 

0.3 

0.2 

0.9 

1.2 

solubles 

Distillers dried wheat grains, 

1.0 

0.4 

1.3 

1.1 

r, 0.8 .■£ 
.“Tr* 

.f).5 

1*6 

with solubles 

0.8 

0.5 

1.9 

1.0 _ 

Ui#*.4 

0.6 

1.9 

Distillers solubles, dried, corn 

0.9 

0.6 

1.5 

1.0 

*$.2 

0.7 

1.5 

Distillers solubles, dried, rye . 
Distillers solubles, dried, sor- 

0.6 

0.5 

1.7 

1.1 

; o .2 

0.6 

1.9 

ghum . . . ■ 

0.9 

0.5 

1.8 

1.0 

0.3 

0.9 

2,0 

Distillers solubles, dried, wheat 

0.7 

0.4 

1.7 

1.0 

0.5 

0.7 

1.5 

Fish meal, all analyses 

6.4 

1.8 

2.6 

2.8 

0.7 

1.8 

3.5 

Fish meal, herring 

7.3 

2.0 

2.6 

2.6 

0.9 

9,1 

3.2 

Fish meal, menhaden 

5.3 

1.8 

2.7 

2.9 

0.6 

1.6 

3.6 

Fish meal, redfish 

Fish meal, salmon, vacuum 

6.6 

1.8 

2.5 

2.6 

0.6 

1.7 

3.3 

dried 

8.2 

1.8 

3.2 

3.7 

0.7 

2.0 

4.2 

Fish meal, sardine 

5.9 


2.0 

2.6 

0.5 


1.4 

Fish solubles, condensed 

2.4 

1.6 

1.3 

1.1 

0.7 


Fish solubles, dried 

3.9 

1.2 

1.6 

1.3 

0.4 

0.9 

2.5 

Hominy feed 

0.4 

0.1 

0.4 

0,4 

0.1 

0.5 

0.5 

Linseed meal 

1.3 

0.5 

1.5 

1.2 

0.5 

1.0 

1.7 

Liver meal, animal 

4.8 

1.3 

2.9 

2.6 

0.6 

1.7 

4.2 

Meat scrap, 55% protein .... 
Meat and bone scrap, 50% 

3.8 

0.8 

1.9 

1.8 

0.3 

0.9 

2.6 

protein 

Milk, cow's 

3.5 

0.7 

1.8 

1.8 

0.2 

» . ■. 

2.4 

0.26 

0.07 

0.17 

0.17 

0.05 

. • # 

0.26 

Milk, cow's colostrum 

1.10 

0.26 

0.63 

0.97 

0.25 

"... * 

1.13 

Milk, ewe's 

0.52 

0.17 

0.33 

0.31 

0.09 

• • • 

0.49 

Milk, mare’s 

0.14 

0.04 

0.10 

0.09 

0.03 


0.16 

Milk, sow’s 

0.50 

0.14 

0.34 

0.37 

0.09 


0.45 

Milo grain 

Oat grain 

0.1 

0.5 

0.3 

0.1 

0.4 

0.4 

! 0.5 

0.4 

0.2 

0.7 

0.4 

0.15 

0.4 

! 0.7 

Oat meal, or rolled oats 

0.6 

0.2 

0.7 

0.5 

0.2 

0.7 

! 0.7 

Oat mill by-product . ...... . 

0.2 

0.1 

0.2 

0.2 

0.1 

0.2 

: 0.2 

Pea seed, field 

Peanut oil meal, solvent proc- 

1.2 

0.2 



0.2 



ess 

2.3 

0.4 

2.7 

,1.5 

0.5 

1.8 

2.8 

Rice, polished 

0.3 

0.3 



0.1 



Rice bran 

0.5 



0.4 

0.1 

... 


Rice polishings 

0.5 



0.3 

0.2. 


: . . . 

Rye grain 

Safflower-seed oil meal, well- 

0.4 

0.16 



0.14 


■■■ *:'**-'. 

hulled 

1.3 

0.7 


0.8 




Sesame oil meal 

1.2 

1.2 

2.6 

1.6 

0.0 

2.0 

2.2 

Skimmilk, dried 

2.8 

0.8 

1.5 

1.4 

0.4 

1.3 

2.2 

Sorghum gluten feed 

0.8 

0.3 

1.0 

0.8 

0.2 


1.3 

Sorghum gluten meal 

Soybean oil meal, expeller 

0.7 

0.7 

2.6 

1.4 

0.4 


2.5 

process 

Soybean oil meal, solvent proc- 

2.7 

0.7 

2.1 

1.7 

0.6 

1.4 

2.2 

ess 

2.9 

0.6 

2.2 

1.7 

0.6 

1.4 

2.4 
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FEEDS AND FEEDING 

Table Xb. Percentages of amino acids in protein of feeds 


Feeding stuff 

Alfalfa hay 

Alfalfa-bromegrass hay 

Alfalfa meal, dehydrated, 17% 

protein .. .. 

Babassu oil meal 

Barley grain 


Beet pulp, dried 

Blood flour 

Blood meal 

Brewers’ grains, dried 
Buttermilk, dried .... 


Cereals, young, dehydrated 

Coconut oil meal 

Com, dent, Grade No. 2 

Corn gluten feed 

Corn gluten meal 


Milk, cow’s 

Milk, cow’s colostrum 

Milk, ewe’s 

Milk, mare’s 

Milk, sow’s . .... . . . . 


Glutamic 

Arginine Cystine acid Glycine 
Per ct. Per ct. Per ct. Per ct. 


Com oil meal 

Cottonseed meal 

Cowpeas 

Crab meal 

Distillers dried com grains, 
with solubles 

Distillers dried corn grains, 

without solubles 

Distillers dried rye grains, with 

solubles 

Distillers dried wheat grains, 

with solubles 

Distillers solubles, dried, com 
Distillers solubles, dried, rye . 

Distillers solubles, dried, sor- 
ghum 

Distillers solubles, dried, wheat 

Fish meal, all analyses 

Fish meal, herring 

Fish meal, menhaden 

Fish meal, redfish 

Fish meal, salmon, flame dried 

Fish meal, sardine 

Fish solubles, condensed .... 
Fish solubles, dried 

Hominy feed 

Linseed meal ......... . . ... 

Liver meal, animal 

Meat scrap, 55% protein .... 
Meat and bone scrap, 50% 
protein 



23.0 


11.7 

1.1 

32.2 


17.3 

1.4 

19.2 

2.2 

13.4 

2.4 

15.1 


20.7 


27.3 
27.8 
1.3 13.8 

2.2 


Histi- 

dine 

Iso- 

leucine 

Leucine 

Per ct. 

Per ct. 

Per ct. 

2.0 

6.5 

7.2 

2.5 

6.8 

8.5 

1.7 

5.1 

7.4 

1.7 

14.5 

5-8 

V * 4 

"4.1 

6.6 

^2.3 

3.4 

6.8 

/6.8 

1.4 

12.5 

; 5.1 

1.2 

12.5 

1.8 

5.5 

8.4 

2.8 

8.5 

10.7 


5.8 

6.7 

1.4 

4.7 

6.6 

2.5 

4.5 

10.6 

2.4 

5.2 

10.8 

2.3 

5.3 

17.6 

2.7 

4.9 

7.6 

2.2 

3.7 

5.3 

2.8 

4.5 

9.9 

1.6 

3.8 

5.1 

2.8 

6.4 

8.3 

2.3 

3.8 

13.8 

2.9 

6.1 

8.6 

2.8 

6.6 

7.0 

2.5 

5.3 

7.4 

2.0 

5.1 

5.1 

3.4 

: 3.4 

6.4 

2.4 

4.8 

4.5 

2.5 

6.0 

8.4 

1.8 

4.4 

7.0 

2.6 

6.8 

8.1 

2.3 

6.1 

8.6 

3.0 

6.4 

8.1 

2.8 



8.0 

5.0 

7.3 

2.0 

3.4 

5.9 

1.9 

3.3 

8.0 

2.0 

5.4 

5.7 

2.3 

5.0 

8.1 

2.0 

3,5 

6.4 

1.8 

3.4 

6.2 

2.9 

6,6 

9.4 

2.5 

5.0 

9.3 

2.8 

6.2 

9.5 

3.0 

6.9 

9.3 

2.7 

5.8 

8.1 


-Uf 


APPENDIX 

Table Xb. Percentages of amino acids in protein of feeds- 


Glutamic I 

Feeding stuff Arginine Cystine acid Glycine < 


-continued. 


Milo grain 

Oat grain 

Oat meal, or rolled oats 
Oat mill by-product . . . 
Pea seed, field 


Peanut oil meal, solvent proc- 

cess 

Rice, polished . . . . ... 

Rice polishings .... % *•>•. . . 
Rye grain /TrTT ! . 

Safflower-seed oil meal, well- 
hulled 

Sesame oil meal 

Skimmilk, dried 

Sorghum gluten feed 

Sorghum gluten meal 

Soybean oil meal, expeller 

process 

Soybean oil meal, solvent proc- 

cess 

Sunflower-seed oil meal 

Tankage, digester, 60% protein 
Wheat bran 

Wheat flour 

Wheat germ 

Wheat grain, hard spring .... 

Wheat red dog 

Wheat standard middlings . . . 


Whey, dried ........ 

Whey product, dried . 
Yeast, brewers’, dried 
Yeast, torula, dried . . 


Arginine 

Cystine 

Glutamic 

acid 

Glycine 

Histi- 

dine 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

3.5 

1.8 



1.8 

5.8 

1.5 

* - * 


1.9 

6.2 

. . . 

• • • 


1.9 

4.9 




2.4 

9.0 

1.3 


*** 


12.5 

1.5 


5.3 

2.5 

7.8 

1.5 

- * ^ 

11.1 


4.0 

0.8 

• • • 


1.6 

3.9 

0.8 



0.8 

4.1 

1.4 

... 



12.7 



5.9 


10.0 

1.4 


9.2 

2.5 

3.5 

1.5 

20.5 

0.6 

2.7 

4.0 




2.4 

2.9 




1.9 

6.0 

1.4 

17.0 

5.7 

2.5 

7.0 


17.9 


2.4 

7.7 

1.4 


3.6 


6.1 




3.2 

6.1 

1.8 


5.5 

1.8 

3.7 


34.3 


2.8 

5.9 

1.9 



4.5 

3.7 

1.3 


5.3 

1.3 

5.6 




2.2 

5.3 

1.2 

23.8 

2.3 

2.3 

3.0 

2.3 

13.3 


1.6 

6.5 




0.7 

4.9 

1.1 


3.8 

2.4 

5.6 

1.3 


5.8 

3.0 1 


Iso- 
leucine Leucine 


Table Xb. Percentages of amino acids in protein of feeds — continued. 



Methi- Phenyl- 

Feeding stuff Lysine onine alanine 


Alfalfa hay 

Alfalfa-bromegrass hay 

Alfalfa meal, dehydrated, 17% 

protein 

Babassu oil meal 

Barley grain 


Beet pulp, dried 

Blood flour 

Blood meal 

Brewers’ grains, dried 
Buttermilk, dried .... 










1144 


If 


FEEDS AND FEEDING 


Table Xb. Percentages of amino acids in protein of feeds — continued. 


Feeding stuff 

Lysine 

Methi- 

onine 

Phenyl- 

alanine 

Threo- 

nine 

Trypto- 

phan 

Tyro- 

sine 

Valine 


Per ct. 

Perct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Cereals, young, dehydrated . . 

8.5 

1.6 

4.8 

4.8 

0.8 

2.8 

5.9 

Coconut oil meal 

2.4 

1.4 

3.8 

2.8 

0.9 

4.7 

Corn, dent, Grade No. 2 .... 

2.5 

1.3 

4.5 

3.4 

0.9 

4.5 

3.8 

Corn gluten feed 

3.3 

1.2 

3.8 

3.3 

0.8 

3.7 

5.2 

Corn gluten meal 

1.9 

2.3 

6.7 

3.2 

0.5 

2.3 

5.1 

*• 

Corn oil meal 

4.0 

1.3 

3.6 

4.0 

1.3 

6.7 

5.8 

Cottonseed meal 

3.9 

1.2 

4.6 

2.6 - 


2.5 

4.3 

Cowpeas 

Crab meal 

9.1 

4.4 

0.7 

1.6 

5.4 

3.8 

3.6 

3.2 

7,4 

fS: 9 

4.5 

3.8 

5.1 

4.7 

Distillers dried corn grains, 





> 


6.0 

with solubles 

2.6 

1.9 

6.4 

S.eT 

0.4 

2.3 

Distillers dried corn grains, 





0.8 


4.6 

without solubles 

3.4 

1.5 

2.3 

1.1 

3,4 

Distillers dried rye grains, with 






2.0 

6.6 

solubles 

4.1 

1.6 

5.3 

4.5 

1.2 

Distillers dried wheat grains, 




3.5 



6.6 

with solubles 

2.8 

1.7 

6.6 

1.4 

2.1 

Distillers solubles, dried, corn . 

3.2 

2.1 

5.3 

3.5 

0.7 

2.5 

5.3 

Distillers solubles, dried, rye . 

1.7 

1.4 

4.8 

3.1 

0.6 

1.7 

5.4 

Distillers solubles, dried, sor- 








ghum 

3.4 

1.9 

6.8 

3.8 

1.1 

3.4 

7.6 

Distillers solubles, dried, wheat 

2.1 

1.2 

5.1 

3.0 

1.5 

2.1 

4.5 

Fish meal, all analyses 

10.4 

3.0 

4.2 

4.6 

1.1 

3.0 

5.7 

Fish meal, herring 

10.1 

2.8 

3.6 

3.6 

1.2 

2.9 

4.4 

Fish meal, menhaden 

8.6 

2.9 

4.3 

4.7 

1.0 

2.6 

5.8 

Fish meal, redfish 

11.6 

3.2 

■ ■■ .■ 1 

4.4 

4.6 

1.1 

3.0 

5.8 

Fish meal, salmon, flame dried 

10.8 

2.7 

3.5 

4.7 

0.8 

3.2 

6.6 

Fish meal, sardine 

9.1 


3.1 

4.0 

0.8 


4.8 

Fish solubles, condensed 

8.0 

3.3 

4.3 

3.8 

2.2 


Fish solubles, dried 

6.3 

1.8 

2.5 

2.1 

0.7 

L 5 

3.9 

Hominy feed 

3.8 

0.9 

3.3 

3.3 

0.9 

4.2 

4.2 

Linseed meal 

3.7 

1.3 

4.2 

3.4 

1.4 

2.8 

4.8 

Liver meal, animal 

7.2 

1.9 

4.4 

3.9 

0.9 

2.6 

6.3 

Meat scrap, 55% protein .... 

6.9 

1.5 

3.5 

3.3 

0.5 

1.6 

4.7 

Meat ana bone scrap, 50% 








protein 

7.0 

1.4 

3.6 

3.6 

0.4 


4.8 

Milk, cow's 

7.6 

2.1 

4.7 

4.8 

1.5 


7.3 

Milk, cow's colostrum 

7.9 

1.8 

4.5 

7.0 

1.8 

; 

8.0 

Milk, ewe's 

8.0 

2.6 

5.0 

4.7 

1.5 

... 

7.6 

Milk, mare's 

6.8 

2.1 

5.0 

4.7 

1.3 


7.9 

Milk, sow's 

6.8 

2.0 

4.6 

5.0 

1.3 

. . . V: ' 

6.1 

Milo grain 

2.4 

0.9 

4.6 

2.8 

0.8 

4.1 

4.7 

Oat grain 

3.2 

1.5 

6.2 

3.3 

1.2 

3.6 

5.7 

Oat meal, or rolled oats 

3.7 

1.2 

4.3 

3.1 

1.2 

4.3 

4.3 

Oat mill by-product 

4.9 

2.4 

4.9 

4.9 

2.4 

4.9 

4.9 

Pea seed, field 

5.1 

0.9 



0.8 



Peanut oil meal, solvent proc- 








cess 

4.9 

0.8 

5.7 

3.2 

1.1 

3.9 

6.0 

Rice, polished 

3.5 

3.6 






Rice bran 

4.0 



3.2 

0.8 



Rice polishings 

3.9 



2.3 

0.8 



Rye grain 

3.6 

1.3 


1.1 
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TabIe Xb. Percentages of amino acids in protein of feeds — continued. 


Feeding stuff 

Lysine 

Methi- 

onine 

Phenyl- 

alanine 

Threo- 

nine 

Trypto- 

phan 

Tyro- 

sine 

Valine 


Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Ferct. 

Safflower-seed oil meal, well- 








hulled 

3.1 

1.6 


1.9 




Sesame oil meal 

2.8 

2.7 

46 

3.7 

1.4 

4.6 

5.0 

Skimmilk, dried 

8.5 

2.4 

4.5 

4.2 

1.2 

3.9 

6.6 

Sqjrghum gluten feed 

3.2 

1.2 

4.0 

3.2 

0.8 


5.2 

Sorghum gluten meal 

l.T 

1.7 

6.3 

3.4 

1.0 


6.0 

Soybean oil meal,, speller 








process A. 

6.2 

1.7 

4.8 

3.9 

1.4 

3.2 

5.0 

Soybean oil meal, sol^nt proc- 








6.4 

1.3 

4.8 

3.7 

1.3 

3.1 

5.3 

Sunflower-seed oil meal "l" 1 . . 

3.6 

3.2 



1.2 



Tankage, digester, 60% protein 

6.7 

1.3 

4.5 

4.6. 

1.2 


7.i 

Wheat bran 

3.8 

0.6 

3.0 

2.4 

1.8 

2.6 

4.3 

Wheat flour 

2.8 

0.9 

5.6 

2.8 

0.9 

1.9 

4.6 

Wheat germ 

6.0 

1.1 

3.1 

3.1 

1.1 

3.1 

4.2 

Wheat grain, hard spring .... 
Wheat red dog 

2.0 

1.1 

4.5 

2.2 

0.8 


4.0 

3.4 

0.6 

2.8 

2.8 

1.1 

2.8 

4.5 

Wheat standard middlings . . . 

4.1 

1.2 

4.1 

3.5 

1.2 

2.5 

4.6 

Whey, dried 

8.6 

1.6 

3.1 

6.3 

1.6 

2.3 

5.5 

Whey product, dried 

Yeast, brewers', dried 


0.7 

0.7 

3.3 

0.7 

1.3 

2.0 

6.7 

1.5 

4.0 

4.7 

1.1 

3.3 

5.2 

Yeast, torula, dried 

8.2 

1.7 

6.5 

5.6 

1.1 

4.5 

6.2 
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Table XI. Productive and Metabolizable Energy . 
of Feeds for Poultry 


In formulating rations for poultry, 
productive-energy values, or net-energy 
values, of feeds are often used. (1530) 
The first column of figures in the follow- 
ing table gives the productive-energy 
values of the more important poultry 
feeds, as estimated by Fraps from his ex- 
periments. (Fraps, Texas Bui. 678.) The 
values are stated in terms of Calories of 
productive energy per pound of feed. 

The second column of figures gives 
the productive-energy values of these 
feeds, as recently computed by Titus 
from the data of Fraps and others and 
from the digestible nutrients for poultry 
in these feeds. (Titus, Scientific Feeding 
of Chickens, 2nd Edition, 1955.) 

The last column of figures gives the 


metabolizable-energy values of these 
feeds. As stated in Chapter XXXVII, re- 
cent studies indicate that metabolizable- 
energy values are more reliable than 
productive-energy values for poultry. 
(1532) 

The metabolizable-energy values 
marked with an asterisk are values actu- 
ally determined mrr^cent New York ex- 
periments. (Hill, N.Y^mimeo. rpt, 1956; 
Anderson, Proceedings 1956 Cornell Nu- 
trition ConferenU^ror Feed Manufactur- 
ers.) The values marked with a dagger 
are values computed by Titus from the 
digestible nutrients for poultry in these 
feeds, and from other data. (Titus, Scien- 
tific Feeding of Chickens, 2nd Edition, 
1955.) 


Table XI. Productive and metabolizable energy of feeds for poultry 


Feeding stuff 

Productive 
energy, 
Fraps' values 

Productive 
energy, 
Titus' values 

Metaboliz- 
able energy 

Alfalfa, green, fresh . . . t 

Cal. per lb. 

Cal. per lb. 
116 

Cal. per lb. 

217 f 

Alfalfa meal, 20% protein 

314 

385 

619 f 

Alfalfa meal, 17% protein 


217 

310 * 

Animal fat 


2,878 

3,280 * 

Barley 

811 

813 

1,320 8 

Beans, navy, cooked 

792 



Beet pulp, dried 

Brewers’ dried grains 

220 

207 

279 f 

1,005 

747 

1,144 1 

Buttermilk, dried 

707 

786 

1,247 f 

Cabbage 


64 

118 f 

Clover hay, red 

405 

299 


Coconut meal, exp. or hydr 

619 

585 

799 f 

Com, dent, Grade No. 2 

1,092 

1,079 

1,550 * 

Com feed meal 

1,009 

999 

1,386 t 

Com gluten feed 

565 

564 

766 f 

Corn gluten meal 

839 

821 

1,095 t 

Cottonseed meal, 43% protein 

694 

800 

1,159 f 

Cowpeas 

Distillers corn solubles, dried 

853 

883 

1,020 

1,175 f 
1,395 t 

Field peas 


890 

1,182 f 

Fish meal 

898 

941 

910 s 

Hegari 

1,048 

1,114 

1.597 f 

Hominy feed 

831 


Kafir 

1,059 

1,082 

1,502 f 

Linseed meal, exp 

571 

507 

692 f 

Liver meal 

1,092 

1,031 

1,373 f 

Meat scrap, 55% protein 

724 

949 

1,249 t 

Meat and bone scrap, 50% protein 

724 

874 

800 8 

Milk, cow’s 


203 

284 f 

Millet, proso 

985 

975 

1,362 t 


/ 
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“Table Xf. Productive and metabolizable energy of feeds for poultry — continued. 


Feeding stuff 

Productive 
energy, 
Fraps’ values 

Productive 
energy, 
Titus’ values 

Metaboliz- 
able energy 


Cal. per lb. 

Cal. per lb. 

Cal. per lb. 

Milo * 

1,119 

1,099 

1,470 * 

Molasses, cane 

714 



Oats 

760 

810 

1,220 * 

O^t meal or groats 

1,151 

1,162 

1,630 * 

Peanut meal 

861 

856 

1,134 1 

Potatoes 


215 

321 1 

Rice, rough 

777 

786 

1,216 f 

Rice bran 

717 

698 

1,072 f 

Rice polishings 

984 

1,044 

1,555 f 

Rye 

814 

886 

1,319 f 

Skimmilk, dried, not over 5% of mash 

525 

765 

1,232 1 

Skimmilk, liquid .7 


107 

145 f 

Soybeans, cooked 


1,023 

1,142 1 

Soybean oil meal, solvent, 50% protein ... 


790 

Soybean oil meal, solvent, 44% protein 

565 

761 

1,000 * 

Sunflower-seed oil meal, unhulled 


580 

772f 

Sweet potatoes 

... 

269 

4251 

Tankage, 60% protein 

676 

814 

1,198 1 

Wheat 

1,024 

897 

1,490 * 

Wheat bran 

478 

494 

510* 

Wheat gray shorts, or flour middlings 

720 

756 

1,190 * 

Wheat red dog 

983 


1,380 * 

Wheat standard middlings, or brown shorts .... 

581 

694 

810* 

Whey, dried, not over 5% of mash 

490 

786 

1,242 1 

Yeast, brewers’, dried 

476 

572 

1,123 1 
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Abomasum, 21 

Absorption of nutrients, 24-28 
Acid-base balance, 113 ' 

Acorns, 498 • 

Activated animal sterol, 130, 133 
Adrenal glands, 33 

Age, influence on gains of beef cattle, 717-721; 

sheep, 769; swine, 842-843 
Age, influence on milk' yield of cows, 613 
Age, nutritive requirements in later life, 161 
Air required by farm an nals, 16 2 
Alfalfa, 297-310 

as a soiling crop, 309 
compared with other forages, 297 


varieties and types, 299 
9-30 ” 


cattle, 

, 307, 


305; 

959; 


Atlas sorghum, 350, 453 
Available energy, 45 


Alfalfa hay, 299-308 

composition* and value, 299-302 
for dairy cows, 304-305; beef 
horses and mules, 306; poultr 
sheep, 305; swine, 306, 866 
ground; see Alfalfa meal 
quality of protein in, 79-81 
stage to cut, 302 
value of different cuttings, 302 
yield compared with other crops, 297 
Alfalfa-grass mixtures, 309 
Alfalfa leaf meal, 303 

Alfalfa meal, 303; for dairy cows, 304; poultry, 

307, 959; swine, 306, 866 
Alfalfa-molasses feeds, 535 
Alfalfa pasture, 308 

Alfalfa pellets, 303; for dairy cows, 304 
Alfalfa seed screenings, 494 
Alfalfa silage, 278-288, 309 
Alfalfa stem meal, 304 
Alfalfa straw, 331 
Alsike clover; see Clover, alsike 
Alveoli of mammary gland, 189 
Amids, 10 
Amino acids, 10 

absorption from intestine, 27 
deaminization, 31 
essential, 71-73 
in feeds. Appendix Tables X 
protein composed of, 8 

requirements of various animals, 72-73; pigs, 

849; chickens, 934 
Ammoniated feeds, 83 
Amylase, 24 
Anasarca, 123, 705 
Anemia, 105-107 

of suckling animals, 107 
preventing in suckling pigs, 858 
Angora goats, 817 
Animal, as a machine, 198 
Animal food, proportion in human diet, 224 
Animal protein factor, 141, 864, 946 
Animals, composition of, 16-18 
Antibiotic feed supplements, 548-549; for beef 
cattle, 708; dairy calves, 662; dairy cows, 

609; poultry, 952-953, 989; sheep, 780; 
swine, 870-872; turkeys, 989 
Antimetabolites, 121 
Antivitamins, 121 

Apple pomace and apple pectin pulp, 551 
Apples, 550 

Arginine, 72, Appendix Table X 
Armsby net-energy values, 53 
Arsonic supplements, 549; for dairy calves, 663; 
lambs, 781; poultry, 953-990; swine, 872; 
turkeys, 990 

Artichokes, Jerusalem, 394 

Ascorbic acid, or vitamin C, 144 

Ash; see Mineral matter 

Ashes, wood, as a calcium supplement, 99 

Associative action of feeds, 67 
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Babassu oil meal, 498 
Baby beef, production, 751 
Bacon production; see Swine 
Bacteria, action in digestion, 25-26 
Bagasse, sugar-cane, 379 
Bahia grass, 374 
Bakery waste, 552 
Balanced rations, 18; see Rations 
Barley, . 446-450 

for various classes of stock, 447-450 
malted, 451 
quality of protein in, 77 
scabbed, 401 
see Cereal grains 
Barley bran, 451 


Barley by-products in brewing 
" ’ feed, barley mixed feed 


450-451 

451 


Barley 

Barley hay, 371 
Barley pasture, 370 

Barley silage, and as soiling crop, 372 
Barley straw, 380 


gains of, 882 
156 


Barrows and sows. 

Basal metabolism. 

Bean forage, 325 
Bean straw, 331 
Beans, cull, 492 
Beans, field, 492 

quality of protein in, 78 
Beans, horse; see Horse bean 
Beans, mung, 325, 493 
Beans, pinto, 493 
Beans, table; see Beans, field 
Beans, tepary, 493 
Beans, velvet; see Velvet bean 
Bedding for livestock, 569-570 
Beef calves; see Calves, beef 
Beef cattle, 692-766 

( For the value of the different feeds for 
beef cattle, see the various feeds; i.e.. Com; 
Com silage; etc.) 
age, influence of, 717-721 
antibiotic feed supplements for, 7 08 
baby beef, production, 751 
beef herd, establishing, 731 
beef blood, value, 713 
bull, feed and care of, 736 
bulls, fattening, 722 
bulls, raising, 741 
calcium requirements, 700 
calves; see Calves, beef 
calves vs, older cattle, 717-721 
carcasses of well-bred cattle superior, 714 
carotene requirements, 703 


chopping roughage for, 722 
composition at diffe: 


c : erent ages, 17, 176-177 

composition of gain in fattening, 175-176 
concentrates, amount to feed during fattening, 
709-712 

concentrates, feeding on pasture, 748 
confinement vs. exercise, 724 
conformation, relation to gain, 716 
correcting deficiencies of cereal grains for, 744 
costs of beef production, 755-757; reducing, 757 
counsel in the feed lot, 757-762 
cows; see Cows, beef 
cows, fattening range, 754 
cubed feed for, 723 
dairy steers vs. beef steers, 716 
dehorning, 725 
dressed carcass, yield of, 762 


efficiency of food production, 225-227, 720 


equipment for cattle feeding, 
establishing a beef herd, 731 


758 


■ - " ' ■ 
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Beef cattle, continued 

example rations. Appendix Table VII 
excessive fattening wasteful, 176, 721 
eye of master fattens his cattle, 759 
fat, adding to ration, 707 
fat of carcass, effects of feeds upon, 177 
fat slaughter calves, 751 

fattening cattle of various ages, 717-721, 750- 
754 

fattening cattle of various grades, 714-716 
fattening methods of, 746-755 
fattening on alfalfa hay, 712 
fattening on pasture, 746-750 
fattening on roughage, 712 

fattening on small amount of concentrates, 710- 
712 

fattening range cows, 754 

feeding standards, 693, Appendix Table III 

finish, degree of, effect on cost of gain, 721 

fitting for show or sale, 754 

frequency of feeding, 759 

gains more rapid by well-bred cattle, 714 

getting on feed, 759 

grinding grain for, 722 

grinding roughage for, 722 

growth, normal, 743 

g rowth under adverse conditions, 181-183 
eavy, fat calves, 751 
heifers, raising, 741-743 
heifers vs. steers, 721 
honnones for, 708 
hot weather, effect of, 154, 724 
importance of continuous growth, 182 
large, medium, and compact steers, 717 
legume hay excells as roughage, 744 
length of feeding period, 718 
loose vs. stanchioned, 725 
margin required in fattening, 713 
market grades compared, 714-716 
methods of beef production, 746-755 
mineral requirements, 698-702 
minerals, trace, 702 

modern beef production requires scientific feed- 
ing, 692 

necessary margin, 713 
nutrient requirements, 692-708 
pasture, importance for, 731 
pasture for fattening, 746-750 
paved feed lots for, 725 
pelleted feed for, 723 
phosphorus requirements, 701-702 
pigs following, 760 
preparation of feed for, 722-723 
production of baby beeves, 751; fat slaughter 
calves, 751; fat two-year-olds, 753; fat 
yearlings, 752 

production on western ranges, 754 
protein quality, 697 
protein requirements, 694-698 
protein supplements, 694-698, 744; adding 

alfalfa to, 705; complex supplements, 705; 
feeding every other day, 706; mixed protein 
supplements, 698; percentage of protein in 
supplement, 706 

purebreds or grades vs. scrubs, 714 
raising, 741-743 
range beef production, 754 
rations for fattening, 743-746, 758, Appendix 
Table VII 

roughage, importance of good, 705 

roughages for, 744-746 

salt requirements, 699 

salt-supplement mixture, self-feeding, 699 

self-feeding, 723 

shade in not weather, 724 

shelter for, 724 

shipment, preparing for, 760 

shrinkage m shipping, 760-762 

silage for, 734, 746 

stilbestrol supplement for, 708 

summer care of beef cows, 732 

surfactant supplement for, 708 

trace minerals, 702 

two-year-olds, finishing as, 753 

urea as a protein substitute, 697 

vitamin requirements, 702-705 

water required by, 707 


Beef cattle, continued 

wintering beef cows, 734-735 
wintering growing cattle, 738-741 
yearlings, finishing as, 752 
Beef cows; see Cows, beef 
Beef production; see Beef cattle 
Beet, mangel; see Mangels 
Beet, sugar; see Sugar beets 
Beet leaves; see Beet tops and leaves 
Beet molasses; see Molasses, beet 
Beet pulp, dried, 536-537 
Beet pulp, dried, molasses, 536-537 
Beet pulp, wet, 537-539 

Beet pulp silage, 538 « 

Beet tops and leaves, 392 
silage from, 393 
Beggarweed, 326 
Bent grasses, 374 
Bermuda grass, 368 
Berseem, 318 ^ 

Betaine, 140, Appendix j/able Va 
Bile, 27, 31 
Biotin, 139 

in feeds. Appendix Table Va 
Bloat, in ruminants, cause and prevention, 28 
Blood, circulation of, 22 
Birdsfoot trefoil, 325 

Blackstrap, or cane molasses, 528; for various 
classes of stock, 530-535 
Blood flour, 523 
Blood meal, or dried blood, 524 
quality of protein in, 78 
Bluegrass, Canada, 375 
Bluegrass, Kentucky, 365 
Bluejoint, 369 
Boar, feed and care of, 905 
Body temperatures of farm animals, 149-155 
Body waste, disposal of, 33 
Bone, composition and formation, 92 
Bone black, spent, or bone char, 100 
Bone meal, 100; see Minerals; Phosphorus; Calcium 
cooked, 100 
raw, 100 
steamed, 100 
Botulism, 401 

Brahman cattle, heat tolerance, 154 
Bran; see Wheat bran; Rice bran; etc. 

Bread, stale, 552 

Brewers* grains, dried, 450 

Brewers* grains, wet, 451 

Brewers* yeast, dried, 135, 543 

Broilers, production and feeding, 984 

Bromegrass, 366 

Brood mare; see Mare, brood 

Brood sow; see Sow 

Broom com, 349 

Broom com seed, 457 

Broom-corn-stover silage, 356 

Buckwheat, 459 

Buckwheat feed, 460 

Buckwheat hulls, 460; for bedding, 570 

Buckwheat middlings, 460 

Buckwheat straw, 381 

Bull, beef, feed and care, 736 

Bull, dairy, 682-686 

bred-for-production essential, 882 

feed and care of bulls in service, 683-686 

young bulls, 682 

Butterfat, effect of feeds upon, 618 
Butterfat; see Milk 

Buttermilk, 511-515; for dairy calves, 511, 671; 

poultry, 514; swine, 511-514 
Buttermilk, condensed, 518 

Buttermilk, dried, 516-517; for dairy calves, 672 

Cabbage, 396 
Cacti, 399 
Caecum, 22 

digestion of fiber in, 25 
Calcium, 13, 91-95, 96-99 
content of various feeds, 93-94, Appendix Table 

effect of deficiency in ration, 96-99 
in farm animals, 17, Appendix Table IV 
in legume forage, 93 

required by various animals; see Cows, dairy; 
Swine; etc. 
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Calcium, continmd .. 

requirement&jSpr egg production, 937; fattening, 
179; grdwfi, 170; maintenance, X6X; milk 
production, 194, 601; pregnancy, 186; work, 

requirements of ‘ farm animals, 91-99 
supplements, 99 
when do lacks occur, 94 
see Minerals 

Calcium carbonate as a calcium supplement, 
99 

Calcium-phosphorus ratio, 96 
Calculi, urinary, 164 
Calf starters, or calf meals, 672-674 
Calorie, 45 ' 

Calorimeter, respiration, 46 
Calves, beef, 736-740 
creep-feeding, 737 
feed and care of, 737-740 
wintering, 738-740 
see Beef cattle % 

Calves, dairy, 657-675 

(For the value of the various feeds for calves, 
see the different feeds; i.e.. Com; Oats; etc.) 
antibiotic feed supplements for, 662 
arsonic supplements for, 663 
birth weight, 680 
calcium requirements, 659 
calf starters, or calf meals, 672-674 
carotene requirements, 659 
colostrum, utilizing surplus, 665 
concentrates for, 666-668 
cost of raising, 681 
cud inoculation, 663 
fat requirement, 658 
feeding concentrates only, 165 
feeding standards, 657, Appendix Table III 
grinding grain for, 667 
Hay fort §68-669 
housing, 664 

importance of good hay, 668 
importance of raising good, 657 
milk replacers or substitutes, 674 
mineral requirements, 659 
new-born, care of, 665 
nipple pails for, 666 
normal growth, 679-681 
nutrients required by, 657-662 
pasture for, 670 

percentage of nutrients stored by, 171 
phosphorus requirements, 659 
precautions in raising, 664 
protein requirements, 658 
protein quality in ration, 658 
raising on buttermilk, 671; calf starters, 672- 
674; dried skimmilk or buttermilk, 672; milk 
replacers or substitutes, 674; minimum amount 
of milk, 674; nurse cows, 672; skimmilk, 671; 
whey, 515, 672 

rich and poor milk for, 174, 666 
roots for, 670 
salt for, 659 
self-feeding, 675 
shelter for, 664 
silage for, 669 
starting on whole milk, 665 
surfactant supplements for, 663 
total digestible nutrient requirements, 658 
vitamin capsules or pills for, 662 
vitamin requirements, 659-662 
vitamin A requirement, 659 
vitamin D requirement, 661 
water requirements, 663 
Canada held peas; see Peas, field 
Cane molasses; see Molasses, cane 
Cane sugar, 4 
Capillaries, 22 
Carbohydrates, 3-7, 14 

digestion and absorption, 24-26 
formation in plants, 3 
in animal body, 16, 24 
in livestock feeding, 85-86 
Carbon dioxide, 3 

danger from, in silo filling, 291 
elimination from body, 33-34 
produced in oxidation of nutrients, 33 
Carbonic acid gas; see Carbon dioxide 


Carcass, influence of methods of feeding upon, 
181, 874 

Carcass; see Dressed carcass 

Carob beans, 494 

Carotene and vitamin A, 121-128 

content of feeds, 125-128, Appendix Table V 
readily destroyed in feeds, 124 
relation of carotene to vitamin A, 123 
see vitamin A 
Carpet grass, 375 
Carrots, 394; see Hoots 
Casein in milk, 510 

quality of protein in, 78 
Cassava, 394 
Cassava meal, 552 

Cattle; see Beef cattle; Cows, dairy; Calves; etc. 
Cellulose, 6 
digestion, 25-26 
fodder cellulose, 397 
nutritive value, 6, 48 
Cereal forage, 370-372 
Cereal grains and by-products, 407-464 
nutritive characteristics, 407 
quality of protein in, 77 
see Com; Oats; etc. 

Cereal hay, 371 
Cereal pasture, 370 
Cereal silage, 372 
Cereals, dehydrated young, 372 
Charcoal as a mineral supplement, 112-113; for 
pigs, 113; poultry, 113 
Cheese rind, or cheese meal, 519 
Chewing of food; see Mastication 
Chick peas, 494 

Chlorine requirements of livestock, 89; see Salt, 
common 

Chlorophyll, 3, 8 
Cholesterol, 8 
Choline, 140 

in feeds, Appendix Table Va 
Chopping hay or other roughage, 60, 263 
see Cows, dairy; Sheep; etc. 

Chufas, 394 

Circulation of blood and lymph, 22 
Citrus pulp, 552 
Citrus seed meal, 553 
Citrus molasses, 553 

Clam shells, ground, as a calcium supplement, 99 
Climate, influence on composition of feeds, 62-64 
Clipped oat by-product, 432 
Clover, 310-318 
alsike, 313 
Alyce, 318 
button, 318 
bur, 318 

combined with timothy, 310 
crimson, 317 

Egyptian, or berseem, 318 
hop, 318 

Japan; see Lespedeza 
Ladino, 313 
Louisiana white, 313 
mammoth, 312 
Persian, 318 
Clover, red, 310-312 
as a soiling crop, 312 
hay, 311 

mixed clover and timothy hay, 311 
pasture, 312 

silage, 312; see Hay-crop silage 
Clover, rose, 318 
Clover, strawberry, 318 
Clover, subterranean, 318 
Clover, sweet, 315-317 

as a soiling crop or for silage, 317 
disease, 316 
for hay, 316 
for pasture, 315 
Clover, white, 313 
Clover hay, red, 711 

quality of protein, 79-80 
Clover hay, sweet, 316 
Clover pasture, 312 
Clover seed screenings, 495 
Clover silage, 312; see Hay-crop silage 
Clover straw, 331 
Cobalt, 107-110 


. : . . . 
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Cockerels, 982 
Cocoa meal, 499 

Cocoa shells, 499; for bedding, 570 
Coconut oil meal or cake, 497 
quality of protein, 79 
Coconuts, 498 , _ , 

Cod-liver oil, as vitamin A and D supplement, 
127, 134; for poultry, 945 
Cod-liver oil, effect on herbivora, 134 
Coefficients of digestibility; see Digestion coeffi- 
cients 

Colostrum, importance for the new-born, 174, 665 
Colts; see Foals 

Combustion, spontaneous, of hay, 266 
Commercial mixed feeds; see Formula feeds 
Composition of animals, 16-18 
Composition of feeding stuffs, 11-14, Appendix 
Tables I, IV, V 
factors influencing, 62-65 
variations in, 62 

Concentrate mixture, finding formula for, 206-208 
Concentrates, 16 

adapting amount fed to local conditions, 222 
feeding stock exclusively on, 165 
proper amount for dairy cows, 592-598; fatten- 
mg cattle, 709-713; fattening lambs, 776, 812; 
horses, 833; pigs, 873-876 
Cooking feed, 61 

Copper requirements of animals, 105-107 
Com, Indian, 336-349, 408-427 
as a forage crop, 336-349 
as a soiling crop, 348 
by-products of starch manufacture, 423 
cattling-down, 417 
chop, 413 

composition and nutritive value, 408-411 
cracked, 413 
dent, 411 

development of nutrients, 337 
ear, 41 3 

ear com chops with husks, 413 
feeding exclusively to pigs, 180 
field feeding to lambs, 418; pigs, 421 
flint, 411 

for various classes of stock, 415-422 
forms in which com is fed, 413 
grades of shelled, 412 

f round, 413 
ogging-down, 421 
hybrid, 411 

kernel, composition of different parts, 422 
lambing-down, 418 
nutrients in grain and stover, 338 
pop, 411 

preparation, for various classes of stock, 413-422 
quality of protein, 77 
removing ears before ensiling, 344-345 
shock, 336, 345; for beef cattle, 346; for fat- 
tening lambs, 418 
snapped, 413 

soaking shelled or ear com for swine, ^20 
soft, 412 

stage for harvesting, 337-338 
storage, 412 

sweet, characteristics, 411 
thickness of planting, 336 
types of, 411 
waxy, 411 

weight per bushel, 412 
wet-milling process, 423 
yellow, has vitamin A value, 126, 410 
see Com crop 
Com-and-cob meal, 413 

for various classes of stock, 416-422 
Com-and-oat feed, 431 
Com bran, 426 
Corn cobs, 413-415 

Com crop, development of nutrients, 337 
losses in field curing, 277 
nutrients in grain and stover, 338 
yield of nutrients per acre, 297 
Com distillers grains, dried; see Distillers grains, 
dried 

Com feed meal, 413 
Com fodder, 336, 345-347 
green, as a soiling crop, 348 
pulling fodder, 348 


Com fodder, continued : 

shredding, 345 w A - ■ 

versus com silage for beef 346; dairy 

cows, 341; sheep, 346 
Com fodder silage, 344 
Com forage, 336-349 
composition, 338 
Corn germ meal, 426 
Com gluten feed; see Gluten feed 
Com gluten meal; see Gluten meal 
Com kernel, parts and composition, 422 
Com meal; see Com, preparation 
Com meal, degerminated, 422 
Cora molasses, 427 
Com oil meal, or com oil cake, 426 
Cora silage, 338-345 

for various classes of stock, 341-344 
late-maturing vs. earlier com for, 339 
removing ears from com before ensiling, 344 
value, 340, 341, 342, 343 
versus soiling crops, 24 f 
see Silage ^ 

Corn smut, 401 
Com stover, 347 
for bedding, 569 
sweet, 349 

Com stover silage, 344 
Com, sweet, 411 K 

canning-factory waste, 349 
Com tassels, 349 

Cost of feeds, considering in computing rations, 
211, 215-220 
Cottonseed, 473, 482 
whole-pressed, 482 

Cottonseed cake; see Cottonseed meal or cake 
Cottonseed feed, 482 
Cottonseed hulls, 483-485 
Cottonseed meal or cake, 473-482 
for various classes of stock, 477-482 
grades, 474 
low-gossypol, 477 
quality of protein, 79 
Cowpea hay, 324 
Cowpeas, 494 

quality of protein, 78 
Cowpeas for forage, 324 
Cows, beef, 731-736 
cost of keeping, 755 
fattening range, 754 
feed and care, 732-736 
feeding standards, 733, Appendix Table III 
nutrient requirements, 732 
wintering, 734-735 
see Beef cattle 
Cows, dairy, 574-656 

(For the value of various feeds for cows, see 
the different feeds; i.e.» Com; Clover hay; 
etc.) 

acetonemia, 640 
advanced registiy, 581 
advancing lactation, effect of, 615 
age, effect of, 613 

alfalfa meal, adding to concentrate mixture, 599 

annual feed requirements, 648 

antibiotic feed supplements for, 609 

as producers of human food, 225-228, 574 

balanced rations essential, 415, 582 

building a profitable herd, 578 

bulkiness of concentrate mixture, 629 

calcium requirements, 601-603 

calculating rations, 208, 217-220 

calving time, 637 

care before and after calving, 635-639 

carotene and vitamin A requirements, 604-609 

cause of differences in efficiency, 575 

chopping or grinding hay, 611 

comfort, importance, 640 

concentrate allowance, 592-598 

concentrates for, 628-630 

condition of flesh at calving, effect of, 617 

cost of milk production, 647-651 

cow testing associations, 581 

culling is important, 580 

dairy herd-improvement associations, 581 

dairy vs. beef type, 579 

dehorning, 619 

dry cows, feed and care, 635-637 
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Cows, dairy, contained 

dry. period important, 635 
drying off, 87$* 

economical feeing essential, 649 
economy of foqde production by, 225-228, 574 
effect on yield \.>il composition of milk, of vari- 
ous factors, lff-196, 6X3-620;" of abortion, 
619; age of taw, 613; cattle ticks, 619; 
condition at calving, 617; dehorning, 619; 
drugs, 619; exercise, 618; feed, on richness 
of milk, 617; feed, on character of fat, 618; 
frequency of milking, 615; grooming, 619; 
hormones, 192, 610; machine milking, 646; 
night and day, 614; overfeeding, 617; period 
^between milkings, 614; period of heat, 619; 
portion of milking, 614; season of freshen- 
ing, 617; season of year, 615; size of cow, 
579; stage of lactation, 615; stage of preg- 
nancy, 615; temperature and humidity, 615; 
thorough milking, ' 614; tonics, 619; turning 
to ^pasture, 618; unffax ceding, 617; weather, 

efficiency in producing hurtuL. •IfJbd, 225-228 
example rations. Appendix Table VII 
exercise for, 618, 643 
fat-corrected milk yield, 576 
fat requirements, 193, 591 
feed and dire, 627-656 
feed and care of test cows, 651-654 
feed required by, annually, 648 
feeding as individuals, 584, 627 
feeding chiefly or entirely on roughage, 597 
feeding limited amount of roughage, 598 
feeding on pasture, 632-635 
feeding solely on concentrates, 165 
feeding standards, 582, 585-586, 591, 600, 604, 
Appendix Table III 
first and last drawn milk, 614 
flies and fly sprays, 643 
frequency of calving, 637 
frequency and order of feeding, 644 
frequency of milking, 615 
freshening in fall vs. spring, 617, 649 
gestation period, 637 

grain feeding tables, 584, Appendix Table VIII 
grinding grain for, 611 
grooming, 619 

g uides in selecting rations, 583 
ay, importance or good-quality, 592, 630 
high-quality roughage saves concentrates, 592 
high producers are economical producers, 574- 
576 

input-output investigations, 595 
ketosis, 640 

kindness in care of, 627, 647 
lactation factor, 594 

liberal feeding of good cows pays, 577, 598 
loafmg-shed and milking-room method, 642 
loose-housing method, 642 
measuring efficiency of production, 577 
milk, composition, 612 

milk, factors influencing composition, 612- 
620 

milk; see Milk, cow’s 

milk fever, 639 

milking, 644-646 

milking machines, 646 

mineral requirements, 600-603 

mineral supplements, 602 

moistening concentrates for, 611 

net energy requirements, 591 

nutrients required by, 192-194, 582-609 

official testing, 581 

overfeeding, 578, 617 

owner-sampler clubs, 581 

palatable feed, importance, 628 

pasture, importance of good, 632 

pasture, supplementing scanty, 634 

pastures for, 633 

pen-barn method, 642 

periods between milking, length of, 614 

phosphorus requirements, 600-603 

pregnancy, effect on yield, 615 

preparation of feed, 611 

profitable and unprofitable, 574-576, 580 

protein, quality of, 589 

protein requirements, 586-591 
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Cows, daily, continued 

purebreds vs. grades, 579 

rations, selecting, 583, 628-632 

rations should be laxative, 630 

records of production important, 580-582 

regularity in care, 647 

requirements for maintenance, 582, 585; preg- 
nancy, 582, 592; production, 582-609 
roughage, good, can not entirely replace con- 
centrates, 594 

roughage, high-quality saves concentrates, 592 
roughage, feeding a limited amount, 598 
roughages for, 630-632 
salt for, 600 

season of freshening, 617 
self-feeding, 599 
shelter for, 640 
silage, amount of, 631 
size of cow, 579 
size of herd, 650 
succulent feeds, importance, 630 
test cows, feed and care, 651-654 
tests, official, 581 
tests, unreliability of short, 617 
thumb rules for feeding grain, 584 
thyroprotein for, 610 
total digestible nutrient requirements, 591 
trace mineral requirements, 603 
trimming hoofs, 642 
tuberculin testing, 619 
type and production, 579 
underfeeding, effect, 617 
urea as a protein substitute, 590 
value of concentrates and hay, 599 
variety in ration, 628 
vitamin requirements, 603-609 
vitamin A content of milk, effect of breed and of 
feed, 606 

vitamin A requirements, 604-609 
vitamin D requirements, 607-609 
vitamin E for, 603 
vitamin supplements, 607-609 
water for, 609 
weather, effect on yield, 615 
weed out unprofitable cows, 580 
weights, table for estimating. Appendix Table IX 
see Heifers; Milk, cow’s 
Cows, dual-purpose, feeding, 735 
Cow-testing associations; see Dairy herd-improve- 
ment associations 
Crab meal, 527 

Creep feeding beef calves, 737; foals, 836; 

lambs, 802; pigs, 913 
Crimson clover; see Clover, crimson 
Crotalaria, 326 
Crude fiber; see Fiber 
Crude protein; see Protein, crude 
Crushing grain; see Grinding grain 
Cryptoxanthine, 123 
Cubed or pelleted feeds, 59 
Cud, chewing the; see Rumination 
Cull beans; see Beans 

Cutting hay and straw; see Chopping hay and 
straw 

Dairy by-products; see Skimmilk; Buttermilk; Whey 

Dairy calves; see Calves, dairy 

Dairy cows; see Cows, dairy 

Dairying; see Cows, dairy 

Dallis grass, 375 

Darkness; see Light 

Darso, 350, 454; see Sorghums 

Deaminization of amino acids, 31 

Dehydrated hay, 268-270 

Desmodiums, 326 

Dextrins, 5 

Dicalcium phosphate, 101 
Diethylstilbestrol; see Stilbestrol 
Digestibility, 38-43, 65-68 

coefficients of; see Digestion coefficients 
determining, 38-39, 41-43 
factors affecting, 65-68 

of feeds by horses, 68; ruminants, 67; poultry, 
930; swine, 68 

of forages affected by maturity, 232-233 
of ground and whole grain, 57-58 
Digestible nutrient, 18 
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Digestible nutrients in feeding stuffs, 38-42; Ap- 
pendix Table I 
Digestion, 20-28 

Digestion coefficients, 38-40; Appendix Table I 
Digestion experiments, 38-43 
limitations of, 42 

Digestive tracts of farm animals, 21 
Distillers dried grains, 539-542 
Distillers dried solubles, 542 
quality of protein, 79 
Distillery stillage, or slop, 543 
Dolomitic limestone, 99 

Dressing percentage of beef cattle, 762; sheep, 
816; pigs, 883 

Dried beet pulp; see Beet pulp, dried 

Dried blood; see Blood meal 

Dried brewers' grains; see Brewers' grains, dried. 

Dried distillers grains; see Distillers grains, dried 

Dried skimmilk; see Skimmilk, dried 

Dry matter in feeds, 12, Appendix Table I 

Ductless glands, 32 

Ducks, 991-993 

Dynafac, 549, 708, 781, 954 

Ear corn; see Com, ear 
Earth nut; see Peanut 
Economy in feeding livestock, 215-224 
Economy of production by various animals, 224-229 
Eggs, incubator waste, 554 
Eggs, composition, 961 
Eggs; see Poultry 
Emmer, 459 
Endocrine glands, 32 
Energy, 43-54 
available, 45 
gross energy of feeds, 47 

of feeds, losses in digestion and utilization, 43-49 
metabolizable, 45, 47, 49 
net, 44-54; see Net energy 
Ensilage; see Silage 
Enzymes, 20, 954 
Ergosterol, 8, 129-130 
Ergot, 400 
Essential oils, 8 
Ether extract; see Fat 
Ewes, breeding, 790-802 
breeding ewe lambs, 793 
breeding time, 794 
concentrates for, 797 
cost of keeping, 804 
date of lambing, 793 

feed and care before and after lambing, 798-799 
feed and care, 793-801 
flushing, 794 


gestation period, 793 
lambing time, 798 


milking qualities, 800 
nutrient requirements, 769-772, 775-780 
pasture, importance of good, 790 
pregnancy disease, 800 
protein requirements, 771 
roughage, importance of good, 769 
roughages for, 790-792, 795-797 
selecting, 792 
succulent feeds for, 796 
twin lambs, 793 
wintering, 795-798 
see Sheep 
Ewe’s milk, 800 
Excrement; see Manure 

Exercise for farm animals, 165; for beef cattle, 
724; brood sows, 881, 904; dairy cows, 618 
643; sheep, 784; fattening pigs, 881 
Expeller method of oil production, 466 

Farm animals, composition of bodies, 16-18 
Farm animals, relative efficiency in producing 
human food, 224-229 6 

Farming, adapt type of, to local conditions, 223 
Farm manure; see Manure 
Fat, 7 

are certain fatty acids essential, 84 
digestion and absorption, 27 
effect of food fat on body fat, 177 
effect of various amounts in rations, 67 
functions of fat in animal body, 83 
how determined in feeds, 13 


Fat, continued 

in animal body, 17 — . 

in feeds, Appendix Table I ^ 
in milk, factors influencing omposition and 
yield, 613-620 Vi 

in plants, 7 
origin of body fat, 176 

requirements of dairy calve , 658; dairy cows, 
591; poultry, 936; swine, 854 
source of, in milk, ^ 190, 193 
special value of fat in milk, 85 
Fats in livestock feeding, 83-85 
Fatten animals to meet market demands, 176, 223 
Fattening, 175-179 

composition of increase during, 175-176 
factors influencing, 179 
mineral requirements for, 179 
nutritive requirements for, 177-179 
object of, 175 
protein requirements for, 178 
total digestible nutrient ■requirements for, 177 
vitamin requirements^,! r, 179 
wastefulness ofTT.C^ve fattening, 176, 721 
Fatty acids, 7 

are certain fatty acids essential, 84 
Fatty tissues, storage of; see Fattening 
Feather meal, 524 
Feces, 33 

energy lost in, 43, 44, 47 
Feed evaluation constants, or factors, 216; Appen- 
dix Table II 

Feed, consumed by various classes of animals; 
see Horses; Cows; etc* 

Feed, effect of amount consumed on utilization, 
50, 65 

Feed, factors affecting value of, 57-69 
Feed, inspection and control, 14 
Feed, preparation for farm animals; see Dairy cows; 
Sheep, etc. 

Feeding standards, 202-214 

feeding standards only approximate guides, 209 
for various classes of stock; see Cows, dairy; 

Horses; etc. 
history of, 211-213 
Morrison, 212, Appendix Table III 
Feeding stuffs, 230-563 

commercial mixed; see Formula feeds 
composition, 11-14, Appendix Table I 
considering cost in computing rations, 215-220 
determining relative values by feeding experi- 
ments, 52 

determining which are cheap, 215-220 
digestible nutrients in, 38-40, Appendix Table I 
fertilizing constituents in, 565, Appendix Table I 
formula feeds, 544-547 

for various classes of animals; see Beef cattle; 
Sheep; etc. 

guarantees of composition, 14 

g uides in purchasing, 15, 208 
ome mixing, 547 
laws and guarantees, 14 
measuring relative values, 37-56 
selecting for economical rations, 215-220 
valuing by Petersen method, 216-220 
variations in composition, 62-65 
see Feed 

Feeds; see Feeding stuffs; also Feed 
Feed units, Scandinavian, 54 
Fertility, buying, in purchased feeds, 567 
Fertility, selling, in crops, 567 
Fertilizers; see Manure 

Fertilizing constituents in feeding stuffs, 565, 
Appendix Table I 
Fermenting feed for stock, 61 
Fescues, 375 

Feterita, see Sorghums, grain 
Fetus, nutrients stored in, 186 
Fiber, in feeds, 6, 13, Appendix Table I 
digestion, 25 

how determined in feeds, 13 
Field bean; see Bean, field 
Field peas; see Peas, field 
Filly; see Foals; Horses 
Fish, homogenized condensed, 527 
Fish, liquid, 527 
Fish meal, 524-527 

quality of protein in. 78 
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Fish solubles, condensed, 527 
Flat pea, 

Flax plant by-moduct, 489 
Flax screenings p>il feed, 489 
Flax straw, 381{( v£. ! 

Flaxseed, 485 

by-products, -uw 489 
Flock; see Sheep ' 

Flour manufacture, 440 
Flour, red dog; see Wheat red dog 
Flour wheat middlings; see Wheat flour middlings 
Fluorine, poisonous effect, 102-103 
safe levels in rations, 103 
Fofds, 835-838 

cost of raising, 838 
feed and care, 835-838 
raising orphan, 835 
weaning, 836 
weights and gains, 836 
see Horses 

Fodder corn; see Com Todder 
Folic acid, 140 ^ 

in feeds. Appendix Table va 
Food; see Feeds; also Feeding stuffs 
Foods, importance of animal foods in human diet, 227 
Forage, coarse; see Roughage 
Forage crop**, 230-406 

effect of various factors on composition and 
value, 62-64, 231-239, 254-255 
influence of stage of maturity on composition, 
231-237, 254 

mature and weathered forage usually of low 
value, 236 

nutrients at different stages of growth, 231-237 
quality of protein in, 79-81 
Forage poisoning, 401 
Formula feeds, 544-547 

importance of meeting guarantee, 545 
open and closed formulas, 546 
Fraps’ production values, 54 
Fructose, 4 
Fruit, 550 

Fruit, cull dried, 555 

Fuel value of feed; see Energy 

Furazolidone, 954 

Galactose, 4 

Garbage for swine, 553 

Garbage, processed, 554 

Gases, combustible, loss of energy in, 43, 47 

Geese, 993 

Germ oil meal; see Corn germ meal 
Gestation period; see Mare; Sow; etc. 

Glucose, 4 
in blood, 25 

manufacture from corn, 423 
Gluten feed, 423-424 
Gluten meal, 424-426 
Glycerol, 7, 27 
Glycogen, 5, 24 
formation of, 24 
Goats, Angora, 817 
Goats, milk, 816 
Goiter, 103 

Grains; see Cereal grains; also Corn; Wheat; etc. 
grinding; see Grinding grain 
preparation; see Horses; Swine; etc. 

Grape pomace, 55 6 
Grass, 230-248, 359-379 

combinations for meadows and pastures, 359 
composition and nutritive value, 359 
effects of frequent cutting on yield, 237 
for silage, 278-288; see Hay-crop silage 
immature grass not a concentrate, 235 
influence of stage of maturity upon composition, 
231-237 

mature and weathered, of low value, 236 
. quality of protein in, 79 . 
ffme to cut for hay, 254, 360, 361, 364 
wild or native, 368' 
see Hay; also Pasture 
Grass hay and mixed hay, 359-363 
Grass silage; see Hay-crop silage 
Grass ■ straw, 381 
Grass tetany. 111 
Grazing; ■ see Pasture 
Greasewoods, 398 


Green forage, digestibility, 67 
Grinding grain and other seeds, 57-58 
coarse vs. fine grinding, 58 
for various classes of stock; see Beef cattle; 
Sheep; etc. 

Grinding hay or other roughage, 60 

for various classes of stock; see Beef cattle; 
Sheep; etc. 

Grooming, effects on cows, 619 

Grooming horses, 828 

Ground bone; see Bone meal 

Ground rock phosphate; see Phosphate, rock 

Growth, 168-175 

effects of checking, 181-183 
effects of nutritive deficiencies, 179 
effect of rate of growth on length of life, 183 
effects of scanty feeding on, 181 
importance of continuous growth, 182 
importance of thrifty growth, 168 
importance of utilizing growth capacity, 172 
mineral matter requirements for, 170 
net energy requirements for, 169 
nutritive requirements for, 168-171 
protein requirements for, 168 
total digestible nutrient requirements for, 169 
utilization of food during, 171-172 
vitamin requirements for, 170 
Guinea grass, 375 
Gums, 7 

Gypsum as a calcium supplement, 99 
Hay, 253-271 

(For the various kinds of hay, see Alfalfa; 
Clover, red; Timothy; etc. ) 
artificially dried, 268-270 
barn-dried, 264-266 
brown, 266 

characteristics of high-quality hay, 253 

chopping hay, 60, 263 

dehydrated, 268-270 

early-cut, of higher value, 254, 301, 361 

importance, 253 

improvement by fertilization, 237-239 
measuremeht and shrinkage, 267 
spontaneous combustion, 266 
versus com silage for beef cattle, 342; dairy 
cows, 341; sheep, 343 

see Hay-making; Legumes; Alfalfa; Timothy; etc. 
Hay-crop silage, 278-288 
adding grain, 280 
adding mineral acid, 281 
adding molasses, 280 
adding sulfur dioxide, 292 
nutrients in, 284 
pros and cons of, 283 
special methods of making, 278-283 
sodium bisulfite, 282 

value for various classes of stock, 285-288 
wilting, 279 
Haymaking, 253-271 
aids in curing hay, 260 
bam drying, 264-266 
buck-rake method, 261 
chopping hay, 263 
crushing, 25 y 
curing hay in cocks, 259 
curing hay in swath and windrow, 258 
determining when hay is dry enough for storage, 

dehydrating, 268-270 
hauling ana storing hav, 260 
hay-loader method, 260 
losses of nutrients in, 256-258 
modem methods of, 258-266 
preservatives not effective, 266 
reduction in water content, 255 
salting hay, 266 
spontaneous combustion, 266 
time of day to mow, 258 

time to cut forage for hay; see Alfalfa; Timothy; 

■■ etc. 

windrow baling, 261 

Heat, effect of hot weather on livestock, 152-155 
Heat, production and regulation in body, 149-152 
Heat, requirements for maintenance, 149 
see Energy 
Heat increment, 44 
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Hegari; see Sorghums, grain 
H offers, beef, 741-743 

age to breed, 742 _. nl 

versus steers for beef production, 721 
Heifers, dairy, 675-682 

advantage of home-raised, bo/ 
age to breed, 679 
computing rations for, 202-208 
concentrates for, 678 
cost of raising, 681 
feed and care of, 675-681 
level of feeding, 676 
normal growth of, 679 
nutrient requirements, 675 
roughages tor, 677 
yield of, compared with cows, bio 
Hemicelluloses, 6 
Hemp-seed oil meal, 499 
Hens, 968-977 

amounts of feed eaten, 969 
artificial light for, 973 
essentials in rations, 968 

feeding and management of breeding bens, 976 
methods of feeding, 957, 9 <0-973 
points in feeding and care, 973 
see Poultry 

Herbivora, feeding concentrates only, ibo 
Herd's grass; see Timothy 

H>CXOS6S <4 

Histidine, 72, Appendix Table X 
Hog millet seed, 459 
Hogs; see Swine; Pigs; Sows 
Hogging down com, 421 
Hogging down ripe grain, 371 
Hominy feed, or hominy meal, 422-423 
Honeycomb, or second stomach, 21 
Hoof and horn meal, 524 
Hops, spent, 451 _ 

Hormone preparations; see Stilbestrol; lhyro- 
protein 

Hormones, 32-33 
Horse beans, 494 
Horse power, definition, 821 
Horses, 821-841 

(For value of various feeds for horses, see the 
different feeds; i.e.. Com; Oats; etc.) 
blanketing, 828 ^ 

brood mares, feed and care of, 834-835 
chopping or grinding hay for, 827 
concentrates for, 831 
cost of horse labor, reducing, 839 
cost of keeping, 839 
crushing gram for, 827 
digestibility of feeds by, 825 
efficiency of, as motors, 198, 823 
exercise for, 828 > 

feed consumed yearly, 839 4 

feed, preparation for, 827 
feeding and care, 828, 831-841 
feeding standards, 824, Appendix Table 111 
feeds for, 831-833 
foals, 835-838 
grinding grain for, 827 
grooming, 828 
Hay for, 825, 831 
hints on feed and care, 828 
horse-pulling contests, 822 
importance of economical feeding and care, 821 
light horses, feed and care, 840-841 
mineral requirements, 826 
nutrients required by, 824-827 
pasture for, 832 

proportion of roughage and concentrates, 825, 

protein requirements, 825 

race horses, feed and care, 840 

raising, 834-839; feed required in, 838 

rations for, 831-834, Appendix Table VII 

roughage, excess of, injurious, 832 

roughages for, 831 

roughage requirements, 825 

saddle Tiorses, care and feed, 840 

salt requirements, 826 

self-feeding, 829 

silage for, 832 

size of horse, best for farm work, 822 
soaking grain for, 827 


Horses, contin tied 

stables for, 828 — 

stallion, feed and care, 838 ® 

vitamin requirements, 826 
watering, 827 

wintering, 833 „ 

work done by, 821; factors acting, 198, 822; 

types of, 822 " 

work horses, feed and care, 831-834 
Hot weather, effect on livestock, 152-155 
Hot-house lambs; see Lambs, hot-house 
Hungarian grass; see Millet 
Hydrocyanic acid poisoning, 355, 4UU 
Hydrol, 427 § 

Hydrolyzed sawdust, 397 
Hydrolyzed straw, 381 
Hypophysis, 32 

Indian com; see Com 
Insulin, 32 

Internal secretions; see Hormones 
Intestines, lengOfcJaad-^pacity of, 22 
Inulin, 6 

lodinated casein; see Thyroprotein 
Iodine, 103-105 0 t 

required by various classes of stock; see Beet 
cattle; Swine; etc. 

Iodized salt, 104 
Iron, 11, 17, 105-107 

lack of, causes anemia, 105-107 
requirements of livestock, 106 # 

Irradiated yeast, 133 ,■ 

Irradiation with ultra-violet light, 129, 133 
Isoleucine, 72, Appendix Table X 
Ivory nut meal, 500 

Japan clover; see Lespedeza 
Japanese millet; see Millet, Japanese 
Japanese cane; see Sugar cane 
Jerusalem artichoke; see Artichoke 
Johnson grass, 376 
June grass; see Bluegrass 

Kafir, 350, 453; see Sorghums 
Kafir fodder; see Sorghum fodder 
Kafir grain; see Sorghums, grain 
Kafir silage; see Sorghum silage 
Kafir stover; see Sorghum stover 
Kale, 396; marrow-stem, 396 
Kaoliang; see Sorghums 
Kapok oil meal, 500 

Kellner’s starch values and feeding standards, 53 
Kelp, 554 

Kentucky bluegrass; see Bluegrass 

Kidneys, elimination of nitrogenous waste through. 

Kindness, effect on stock, 34, 647, 759, 790 

Koa haole, 327 

Kochia, 399 

Kohlrabi, 396 

Kudzu, 327 

Labor, efficiency in caring for stock, 223, 650, 757 
Labor; see Work 
Lactose, 4 

Ladino clover; see Clover, Ladino 
Lambs; see Sheep 

castrating and docking, 799 

fattening, 807-816 

feed and care, 802-803 

feeding concentrates on grass, 803 

hot-house, 804 

marketing early, 803 

orphan, 801 

rations for fattening, 811-816 
selecting feeder lambs, 809 
spring, 803 
weaning, 803 
weights at birth, 799 
winter, 804 

Larkspurs, poisoning from, 402 
Leaves and twigs of trees, 398 
Lecithin, 140, 146 
Legume forage, 296-335 
quality of protein, 79-81 
see Alfalfa; Clover; etc. 
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Legume hay, 296-335 
advantages, 2.16 

for beer cattle^ 694-695, 733, 744; brood sows, 
899-901; dfiiry calves, 668; dairy cows, 588- 
589, 630; Kopjes. and mules, 831; poultry, 943, 
959; sheeg^B9, 774, 796, 811; swine, 845, 
866-868, 8 Vv V01 
quality of protend 80 
see Alfalfa hay; Clover hay; etc. 

Legume seeds, 465-473, 489-497 
quality of protein in, 78 
see Soybeans; Peanuts; etc. 

Legume seed screenings, 494 
Legume silage; see Hay-crop silage 
Legume straw -or chaff, 330 
Lespedeza, annual, 322 
Lespedeza seed, 495 
Lespedeza, sericea, 324 
Lespedeza straw, 331 
Leucine, 72 

Liberal vs. limited rations, effect on carcass, 181, 
874 V. « 

Liberal vs. scanty rations, curability and utiliza- 
tion, 50, 65 

Light, importance for farm animals, 166 
Light, ultra-violet, and vitamin D, 129 
Lignin, 6 

Lime; see Calcium 

Limestone, ground, as a mineral supplement, 99 
Linseed cake; see Linseed meal or cake 
Linseed feed, 489 
Linseed meal or cake, 485-489 

for various classes of stock, 486-489 
quality of protein, 79 
Linseed oil meal; see Linseed meal 
Lipase, 27 
Lipids, 7 

Liver, functions of, 31 
Liver meal, 524 
Loco poisoning, 402 
Locust pods, 495 
Love grasses, 376 
Lucerne; see Alfalfa 
Lupine seed, 495 
Lupines for forage, 328 
Lysine, 72, Appendix Table X 

Magnesium, required by animals. 111 
Maintaining animals in cold weather, 49 
Maintaining body temperature, 149-151 
Maintaining farm animals, 149-166 
Maintenance requirements, 149-167 
factors affecting, 158 
not proportional to body weight, 157 
of dairy cows, 585, 586; horses, 824 
Maize; see Com 
Malt sprouts, 451 
Malted barley, 451 
Malting feed, 61 
Maltose, or malt sugar, 4 
Mammary gland, 189 
development of, 190 
Mammoth clover; see Clover, mammoth 
Manamar, 554 

Manganese, required by animals, 111 
requirements of poultry, 940 
Mangels, 392; see Roots 
Manihot or manioc meal; see Cassava meal 
Manure, 564-573 

amount produced by stock, 568 
as a fertilizer, 564 
care of, to prevent loss, 568, 570 
composition and value, 564, 567 
fertilizing constituents recovered in, 564 
see Fertilizers 

Manurial value of feeds, 564-573 
Manyplies, ''.2T' 

Mare, brood, feed and care, 834-835 
foaling time, 835 
gestation period, 835 
see Horses 

Mare’s milk, composition and yield, 835 
Margin in fattening livestock, 713 
Marl as a calcium supplement, 99 
Marsh hay, 368 

Measuring the values of feeds, 37-56 
Mastication, 23 '' ■ 


Meadow fescue, 375 
Meadow oat-grass, tall, 377 
Meat-and-bone scraps, 519 
Meat scraps, 519-523 

for various classes of stock, 521-523 
quality of protein in, 78 
see Tankage 
Medic, black, 330 
Melons, 397 
Marker grass, 377 
Mesquite pods and beans, 495 
Metabolism, 29-33 
basal, 156 
resting, 157 

Metabolizable energy, 45, 49 

Methane produced in fermentations in digestive 
tract, 43 

Methionine, 72, 81, Appendix Table X 
Methionine supplement for chickens, 936; pigs, 
850 

Middlings; see Wheat middlings; Oat middlings; etc. 
Milk, 173, 510 
colostrum, 174 

deficiencies as exclusive diet, 165, 173 
effects of various factors on composition, 194- 
196, 613-620 

fat requirements for production of, 193 

letting down and holding up, 190 

minerals required for production of, 194 

natural food for young mammals, 173 

net energy required for production of, 193 

nutrients required for production of, 192-194 

nutritive value, 173 

protein required for production of, 193 

production, 189-196 

quality of protein in, 77 

nch and poor for young animals, 174 > 

secretion, 189-190 

total digestible nutrients required for production, 
193 

vitamin-D milk, 133 
vitamins required for production, 194 
when does secretion occur, 190 
see Cows, dairy 
Milk cows; see Cows, dairy 
Milk, cow’s, 51 0, 612-620 
bitter, 619 

color affected by feed and breed, 606 
colostrum, 174 
composition, 173, 510, 612 
composition and yield, factors influencing, 613- 
620; see Cow’s, dairy 
cost of producing, 647-651 
equating to uniform fat percentage, 576 
fat globules in, 612 
« fat, source of, 190, 193 
feeding value of, 173, 510 
* first and last drawn milk, 614 
flavor, effect of feeds oil, 619 
odors in, due to feed, 619 
of different breeds, 612 
quality of protein, 78 
rich vs. poor for young animals, 174 
source of nutrients in, 190 
whole, as a feed, 510; for dairy calves, 665; 
foals, 835; lambs, 801; pigs, 910 
Milk, ewe’s, 800; goat’s, 816; mare’s, 835; sow’s, 
910 

Milk, skim, see Skimmilk 
Milk goats, 816 
Milk sugar, 4 

special value of, 86 
Milking dairy cows, 614-615, 644-646 
Millet for forage, 376 
Millet hay, 376 
Millet seed, hog, 459 
Milo; see Sorghums, grain 
Mineral matter; see Minerals 
Mineral mixtures, 114-115 
Minerals, 11, 88-118 
digestion of, 28 
functions of, 88 
how determined in feeds, 13 
importance of, 88 

in animal body, 17, Appendix Table TV 
in feeding stuffs, 11, Appendix Tables I and IV 
in livestock feeding, 88-118 
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Minerals, continued 

retired* by various animals; see Cows, dairy; 

requirements for fattening, 179; growth, 1^0, 
maintenance, 161; milk production, 194, re- 
production, 186; work, 198 
see Calcium; Phosphorus; etc. 

Mint hay, 398 

Mixed feeds; see Formula feeds 
Mixed hay, 360, 361, 362 
Mixing feed on the farm, 547 
Molasses, beet, 530-534 

for various classes of stock, oou-oo^ 

Molasses, cane, 528-535 

for various classes of stock, 530-535 
Molasses, citrus, 553 
Molasses, com, 427 
Molasses, special value of, 86, 5^y 
Molasses-beet pulp; see Beet pulp, molasses 
Molasses feeds, 535 . 

Mollgaard’s production units, 54 
Molov feed, 401 
Monocalcium phosphate, 101 

Morrison feeding standards, 212, Appendix Table 
III 

Mules, 829 

self-feeding, 828 
see Horses 

Muscles, cause of contraction, lyo 

Napier grass, 377 
Natal grass, 377 
Native grasses, 368-370 
Net energy, 43-54 , ' „ 

in feeds, 47, Appendix Table II 
requirements for fattening, 177; growth, 169; 
maintenance, 155; milk production, 193; 
work, 197 

Net-energy values, 43-54; Appendix Table II 
advantages and limitations, 50 
Armsby’s, 53 

methods of determining, 46-49, 52 
versus total digestible nutrients, 50 
Niacin, 137 

in feeds. Appendix Table V 
requirements of farm animals; see the various 
classes of stock 
Nicotinic acid, see Niacin 
Night blindness, 122 
Nitrate poisoning, 402 

Nitrogen-free extract in feeds, 6, 14, Appendix 
Table I 

Nitrogenous compounds in plants, 8-11 
Nitrogenous waste in urine, 33 
Nutrients, 18 

digestible, 18, 38-43 
functions of, 30-31 

required by various classes of stock; see Beef 
cattle; Sheep; etc. 

total digestible, 40, Appendix Table I 
uses in body, 30-31 
Nutritive ratio, 41 

how calculated and expressed, 41 
see Protein 

Oat and pea forage, 328 
Oat clippings, 432 
Oat-grass, 377 
Oat hay, 371 

Oat hulls, 432; for bedding, 570 
Oat meal, 432 
Oat mill by-product, 432 
Oat mill feed, 432 
Oat straw, 380; see Straw, cereal 
Oats, 427-433 
■ by-products, 432 

clipped oat by-product, 432 
for various classes of stock, 428-431 
hulled, 432 
hull-less, 428 
quality of protein in, 77 
sprouted, 61, 432 
Oats and peas for forage, 328 
Oil milling methods, 466 
Oil meal or oil cake; see Linseed meal or cake 
Oils: see Fats 


Olive pulp, .554 
Omasum, 21 

Orchard grass, 367 f 

Osteomalacia, 98 _ $v ' 

Oxidation of nutrients m body, 

Oyster shells, ground, as a calciu upplement, 99 
for poultry, 938 f . * 

Payability of feeds, importance^ 34, 210 
Palm-kernel oil meal or cake, .500 
Palmo middlings, 443 
Pangola grass, 377 
Pantothenic acid, 138 

in feeds, Appendix Table V . f 

requirements of farm animals; see the various 
classes of stock 
Para grass, 377 
Parathyroid glands, 32 
Parsnips, 394 . . 

Pasteurizing dairy by-products to avoid disease, 511 
Pasture, 230-251 ' f 

’economy of, 23^, 

effect of frequent cutting or grazing, 237 _ > 

effect of soil and fertilizers on composition, 
237-239, 246 

effect of stage of maturity on composition, 231- 
237 

fertilization, 243-245, 246 

for various classes of stock; see Beef cattle; 
Sheep; etc. 

importance of, 230 _ 

improvement and utilization, 239-248 
influence of soil fertility on, 237-239, 243-245, 
246 

management of, 240-242 _ ^ 

nutrients at different stages of growth, 231-237 
nutritive value of fertilized and unfertilized, 246 
proper grazing* 240 

range management and improvement, 247 

rationed grazing, 242 

renovating, 243 

rotation grazing, 241 

strip grazing, 242 

utilizing abundant protein in, 231 

see Alfalfa; Clover; etc. 

Paunch, 21; digestion of fiber in, 25-26 

Paunch fluid, dried, 524 

Pea-and-oat hay, 328 

Pea-and-oat silage, 328 

Pea-cannery waste, 328 

Pea feed, 496 

Pea, flat, 326 

Pea pasture, 328 

Pea straw, 331 

Pea-vine silage, 328 

Peanut hay, 329 

Peanut hulls, 492; for bedding, 570 
Peanut oil meal and hulls, 491 
Peanut oil meal or cake, 491-492 
Peanut forage, 329 
Peanut skins, 492 
Peanuts, 489; hogging down, 490 
quality of protein in, 78 
Peas, field, 328, 495 
as a forage crop, 328 
hogging-down, 328 
lambing down, 328 
quality of protein in, 78 
seed, 495 

Peas and oats for forage, 328 
Peas, Singletary, 329 
Peat moss for bedding, 569 

Pelleted feeds, 59; see the various classes of stock 
Pentosans, 5, 6 
digestion of, 25 
Pentoses, 4 
Pepsin, 26 
Peptides, 27 
Peptones, 26 
Perilla oil meal, 500 

Perosis, or slipped tendon in poultry. 111, 940 
Petersen method of valuing feeds, 216, Appendix 
Table II 6 ™ 

Phenylalanine, 72, Appendix Table X 
Phosphate, colloidal, 101 
Phosphate, defluorinated, 101 
Phosphate, dicalcium, 101 
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Phosphate, monocalcium, 101 
Phosphate, rock, injurious effects of, 100, 102-103 
Phosphate, supefc as a mineral supplement, 101 
Phospholipids, & 

Phosphoric acid . ,?ee Phosphorus 

Phosphor ized l>' ( ,'^|tone as a mineral supplement. 

Phosphorus, 11, ^<-*102 

cont.ent of various feeds, 94, Appendix Tables 
I, IV 

effect of deficiency in ration, 91, 96-98 
ratio between calcium and phosphorus, 96 
recovered in manure, 564 

required by various animals; see Horses; Swine; 
* 'etc. 

required for fattening, 179; growth, 170; main- 
tenance, 161; milk production, 194; pregnancy, 
186 

supplements, 99-102 
value in various feeds, 96 
when do lacks occur, 95 
see Minerals V 

Phytin phosphorus, use by annuls, 96 
Pigeon peas,. 329 
Pigs, 842-927; see Swine 

feeding growing and fattening pigs, 916 

limited vs. full feeding, 873-876 

nutrient requirements, 843-873 

protein of good quality essential, 847 

protein requirements, 847-853 

protein supplements, feeding on pasture, 852 

raising fall pigs, 919 

rate and economy of gain at various weights, 842 
self-feeding, 876-877 

self-feeding protein supplements, free-choice, 851 
weight at which to market, 843 
Pineapple bran or pulp, 555 
Pituitary, 32 

Plants and animals compared, 16 
Plants, composition at different stages of maturity, 
231-237 

Plants, composition, factors influencing, 62-65, 
231-239, 246 

Poisonous plants and feeds, 400-403 
Polysaccharides, 5 
Poppy-seed oil meal, 500 

Pork, effect of various feeds upon; see Com for 
swine; etc. 

Pork, soft, 884-886 
Potash; see Potassium 
Potassium, 11, 110 
in manure, 568 

in various feeds. Appendix Table I 
required by animals, 110 
Potato meal, or dehydrated potatoes, 555 
Potato pulp, 555 
Potato silage, 390 
Potatoes, 389-390 

Potatoes, sweet; see Sweet potatoes 
Poultry, 928-995 

(For the value of different feeds for poultry, 
see Corn; Wheat; etc.) 
alfalfa meal or hay and substitutes, 959 
all-mash rations for layers, 972 
amino acid deficiencies, correcting, 935-936 
amino acid requirements, 934 
animal-protein supplements, minimum needed, 
934 

antibiotic feed supplements for, 952-953, 989, 
993 

anti-gizzard erosion factor, 949 
axsonic supplements for, 953, 990 
artificial lights, use of, 973 
breeding hens, feed and care, 976 
broiler production, 984-985 
brooding chicks with hens, 980 
brooding chicks, artificial, 978 
■calcium' 'requirements, '937' , 
calorie-protein' ratio, 950 ■ 

charcoal'"' .'for,: 941 
chickens, raising, 975-986 
chicks, feeding, 981 
.".cockerels, '9.82 ■ 

confinement versus pasture for, 957 
costs in egg production, 974-975 
digestibility of feeds by, 930 
digestion m poultry, 930 


Poultry, continued 
ducks, 991-993 

effect of feed on color of egg yolks and body 
tissues, 943 

efficiency in production of human food, 225-227 

eggs, saving for hatching, 977 

eggs, structure and composition, 961 

encephalomalacia, nutritional, 947 

fat, addition to rations, 937 

fat requirement, 936 

fattening chickens, 985 

feeding chicks, 981 

feeding and care of breeding hens, 976 
feeding and care of layers, 968-974 
feeding standards, 930 

free-choice, or cafeteria, method of feeding 
layers, 971 

fiber content of poultry rations, 951 

geese, 993 

grains for, 968 

green feeds for, 959 

grit, 941 

growth of chicks and feed required, 985 

hatching chicks, 977-978 

hatching chicks, best time for, 977 

hemorrhagic disease, 947 

high-energy rations, 951 

hormone supplements for, 954 

incubation, 977 

iodine requirements, 940 

laying hens, amounts of feed required by, 969 

laying hens, methods of feeding, 970-973 

litter for, 960 

manganese requirements, 111, 940 
methods of feeding, 957, 970-973 
mash^with limited grain in hoppers for layers, 

mash-and-scratch-grain method for layers, 970 
mashes for. Appendix Table VII 
metabolizable-energy values of poultry feeds, 
950, Appendix Table XI 
methionine supplement in ration, 936 
mineral requirements, 937-941 
mineral supplements for laying hens, 969 
modern poultry production based on recent 
discoveries, 928 

net-energy values of poultry feeds, 949, Appen- 
dix Table XI 
niacin requirement, 946 
nutrient allowances, 930 
nutrient requirements, 930-956 
nutrient requirements of chicks, 980 
oyster shell for, 938 

pasture vs. confinement or bare range, 957 
pastures for, 958 
pelleted or crumbled feeds, 956 
perosis, or slipped tendon, 940 
phosphorus requirements, 939 
production revolutionized by nutrition discov- 
eries, 928 

productive-energy values of poultry feeds, 949, 
Appendix Table XI 
preparation of feed, 956 
\ protein quality in rations, 932 
protein requirements, 932-936 
protein supplements, 969 
pullets, raising, 982 
raising chickens, 975-986 
rations for chicks, 981-982, Appendix Table VII 
rations for laying hens, 968-973, Appendix 
Table VII 

riboflavin requirements, 945 
salt for, 939 

selecting breeding stock, 975 
shelter for, 960 
silage for, 960 
stilbestrol, 954 

sunlight supplies vitamin D, 944 
surfactant supplements for, 954 
temperature and humidity of air, effect of, 960 
thiamine, 946 

thyroprotein supplement, 955 

turkeys; see Turkeys 

vitamin requirements, 941-949 

vitamin supplements for laying hens, 969 

vitamin A and carotene requirements, 942-944 

vitamin Biu requirements, 946 
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Poultry, continued 

vitamin D requirements, 944 
vitamin E requirements, 947 
vitamin K requirements, 947 
vitamins or factors, unidentified, J45 

water for, 955 

wet mash, 957; for layers, 972 
wheat by-products for, 969 
yeast for, 947 
Poultry by-product meal, 524 
Prairie hay and pasture, obo-o/u 

p5e;na g ^y ng nSntlvf requirements, 184-186 
PrefarS of feeds, 57-fel; see the various classes 

Prices of feeds, seasonal trends, 223 

Productio^vaiues, Traps’, 54, Appendix Table XI 
Proso, or hog millet, 459 

Pr0 amount 8 fa’raaons! adapting to local conditions, 
209, 221 

biological values, 7b 
crude, 10 

digestion and absorption, -b 

effect of excess of, 7 0 

fat formed from, 176 .. 

formation in plants and animals, y 

how determined in feeds, 12 

in animal body, 10-17 

in livestock feeding, 70-83 

in various feeds, Appendix Table I 

measuring values of protems m feeds, 75-7 / 

metabolism, 31 ... ■ 

S ortion in ration affects digestibility, 66 

ity of, importance m stock feeding, 70-Bt, 
see the various classes of stock 
quality of, in various feeds, 77-81 
?equirements for fattening, 178; growth, 168- 
169; maintenance, 159-161; milk production, 
193; reproduction, 185; wool production, 
199; work, 197 , 

requirements of various classes of animals; see 
the respective classes of stock 
storage in growth, 171 
storage in mature animals, 172 
supplementary effects of proteins, / 4 
true, versus crude protein, 10 
value of protein in various feeds, 77-81 
waste from body, 33 

Protein, digestible in various feeds, 40, Appendix 

Protein supplements, mixtures of, for beef cattle, 
698 705; dairy cows, 589; sheep, 773; swine, 
867-870 

Proteins; see Protein y 

Proteoses, 26 . nc 

Protozoa in ruminant digestion, 2b 
Prussic acid poisoning, 400 
Pullets; see Poultry 
Ptyalin, 20, 24 
Pumpkins, 397 
Pyriaoxine, 139 ^ 

in feeds. Appendix Table Va 

Quack grass, 377 

Quarters for farm animals; see Shelter 
Ouiet, importance for farm animals, 34, 647, 759, 
790 

Raisins, cull, and raisin by-products, 555 
Raisin pulp, 556 

Ram feed and care, 795; see Sheep 
Ramie meal, 398 

Range management and improvement, 247 
Rape, 394 

Rape-seed oil meal, 500 
Rations, 18 

balanced, 18, 202-209 
computing, 202-208 

economical, for farm animals, 215-221 
for various farm animals; see Cows, dairy; Beef 
cattle; etc.; also Appendix Table VII 
general requirements, 209-211 
hints on calculating. Appendix Table III 
maintenance; see Maintenance requirements 


Rations, continued „ 

scanty, influence on growth, 181-183 
square method of computing, ■fOo 
standard; see Feeding standouts 
Rationed grazing, 242 ' 

Red clover; see Clover, red / 

Red dog flour; see Wheat ret ,. *g 
Red top, 366 ' 

ar^of&g 7 ^ care, importan^ for 

lrca a S£ a 759 3 " ; faSn&mbl: 812; shee^ 
790 

Rennin, 27 v. . 

Reproduction, nutritive requirements, 184-18/ 

Rescue grass, 378 

Respiration apparatus, 46 

Respiration calorimeter, 46 

Reticulum, 21 

Rhodes grass, 378 

Riboflavin, 136 


jtUDonavm, jlou _ , . XT 

in feeds, 137i hi Appenfdix Table V 
requirements of farm animals; see the various 
classes of stock 
Rice, 457 
brewers’, 458 

rough, 457 „ 

Rice bran, 457 

quality of protein, 77 
Rice by-products, 457-459 
Rice hulfs, 458 
Rice meal, 458 
Rice mill by-product, 4o9 
Rice polishings, or rice polish, 458 
Rice straw, 380 
Rickets, 96, 128 

Rock phosphate; see Phosphate, rock 
Rolling grain vs. grinding, 58 t oorr 

Roots and silage, relative yield and cost, 38/ 

Roots and tubers, 385-394 

composition and value, 385 __ 

for various classes of stock, 387-389 
Roughages, 16 

adapting proportion -of roughages and concen- 
trates to local conditions, 222-223 # 

compared with concentrates on net-energy basis, 
47-49, 50 , , . , , 

for various farm animals^ see the various feeds 
losses of energy in digestion, 47-49 
necessity for herbivora, 165 
preparation; see Chopping; Grinding; etc. 
Rubber-seed meal, 501 

Rumen, 21 . 

Ruminants, digestion of fiber and pentosans by, 
25-26 

Rumination, 23 
Russian thistle, 399 
Rutabagas, 393; see Roots 
Rye, 452-453 

Rye distillers grains, dried, 540 

Rye feed, 453 

Ryegrasses, 378 

Rye hay, 371 

Rye middlings, 453 

Rye pasture, 370 

Rye silage, 372 

Rye straw; see Straw, cereal 

Safflower oil meal or cake, 501 
Sagebrush, 398 

Sagrain sorghum; see Sorghums 
Saliva, action on starch, 20, 24 
Salt, common, 89-91 

effect on digestibility, 67 , 

for beef cattle, 699; dairy cattle, 600; horses 
and mules, 826; poultry, 939; sheep, 776; 
swine, 855 

requirements by farm animals, 89; see the 
various classes of stock 
Saltbush, 398 

Salvage wheat or other grain, 438 
Sawdust for bedding, 569 
Sawdust, hydrolyzed, 397 
Scabbed grain, 401 
Scandinavian feed-unit system, 54 
Scarlet clover; see Clover, crimson 
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Screenings, 501 
Seaweed, 554 
Secretin, 32 ; $ , 

Selenium poison'ng, 402 
Self-feeding; seL-ihe various classes of stock 
Separator sMmnU see Skimmilk 
Serradella, 329 
Sesame oil meal or cake, 501 
Sex, influence on gains of beef cattle, 72rl; lambs, 
809; pigs, 882 
Sex glands, hormones of, 33 
Shade, importance in hot weather, 152 
Shallu; see Sorghums, grain 
Shgxk meal, 528 
Shavings for bedding, 569 
Sheep, 767-820 

(For the value of different feeds for sheep, see 
the various feeds; i.e,» Corn; Clover hay; etc.) 
advantages of, 767 
age, influence on gains, 769 
amount of concentrates for fattening, 776, 812- 
815 

antibiotic feed supplements, 780 
arsonic supplements, 781 
bloat, treatments for, 792 
building up the farm flock, 768 
calcium requirements, 777 
chopping ftmghage for, 782 
concentrates for, 797, 811 
cost of gains by, 810 
cost of keeping, 804 

costs and returns from fattening lambs, 810 

cross breeding for western range, 768 

death losses in fattening, 813 

dipping, 806 

dressing percentage, 816 

economy of meat production by, 225-227 

essentials for success with, 790 

example rations. Appendix Table VII 

exercise for, 784 

ewes, feed and care; see Ewes 

factors affecting income from, 805 

fat, adding to rations, 776 

fattening lambs and sheep, 807-816; see Lambs 

feed troughs and racks, 784 

feeding standards, 770, Appendix Table III 

gestation period, 793 

g rinding grain, 782; hay, 782 
ormones for fattening lambs, 781 
hay, importance of good-quality, 769 
lambs, feed and care; see Lambs 
lambs preferred to older sheep for fattening, 769 
length of fattening period, 809 
mineral requirements, 776-779 
mutton ana Merino compared, 768, 809 
net-energy requirements, 775 
nutrient requirements, 770-780 
parasites, 805-806 
pasture, importance of good, 790 
pastures anci pasture management, 790-792 
pelleting feed for, 782 
percentage increase, 798 
phosphorus requirements, 777-778 
place on the farm, 767 
pregnancy disease, 800 
protein quality, 773 

protein requirements, 771-775; of ewes, 771; 

of fattening lambs, 772-775 
protein supplements, 773-775; combinations of 
supplements, 773 
ram, teed and care, 795 
range sheep proauction, 797, 806 
roughage, importance of plenty of good-quality, 
769 

roughages for, 769, 796, 811 
salt required by, 776 
self-feeaing, 8i4 

seif-feeding mixture of protein supplement and 
salt, 777 
shearing, 785 
shelter, 783 

shrinkage in shipment, 816 
stiff-lamb disease, 801 
stilbestrol, 781 
stomach worms, 805 

succulent feeds for, 796, 811; see Silage; Roots 


Sheep, continued 

surfactant supplements, 781 
total digestible nutrient requirements, 775 
trace minerals for, 778 
types of, 768 

urea as a protein substitute, 773 
vitamin requirements, 779 
water required by, 780 
winter range, supplementing, 797 
wool production; see Wool 
see Ewes; Lambs; Ram 
Shells, ground, as calcium supplement, 99 
Shelter for farm animals, 151; see the various 
classes of stock 

Shipstuff; see Wheat mixed feed 
Shock com; see Com, shock 
Shorts; see Wheat standard middlings 
Shotes; see Pigs; Swine 

Shredding or cutting com or sorghum forage, 60, 
345, 352 
Shrimp meal, 527 

Shrinkage in shipping beef cattle, 760; sheep, 816; 
swine, 921 

Shrock sorghum; see Sorghums 
Silage, 272-295 

(For silage from various crops, see the differ- 
ent crops; i.e.. Corn silage; Sorghum silage; 
etc.) 

advantages of silage, 272 
amounts to feed various animals, 274 
as a feeding stuff, 272-274 
capacities of silos, 291 
crops suitable for, 277 
digestibility, 67 
economy of, 274 
effects on milk, 286, 341 

ensiling mixtures of legumes and other forage, 
282 

estimating amount left in a silo, 292 

for summer feeding, 274 

from cured fodder or stover, 344 

g rass silage; see Hay-crop silage 
ay-crop silage; see Hay-crop silage 
how ensiling preserves green forage, 275 
losses of nutrients in, 276 
requisites for good silage, 277 
removing ears from com before ensiling, 344 
special methods of ensiling hay crops, 278-283 
spoiled silage should be discarded, 291 
summer, 274; for dairy cows, 248, 634 
type of com for, 339 
value and use, 272 

versus com fodder or shock com, 341; for beef 
cattle, 346; dairy cows, 346; sheep, 346 
versus hay for beef cattle, 342; dairy cows, 
341; sheep, 343 
versus roots, 387 
versus soiling crops, 248 
weight, 291 
Silos, 288-293 

capacity of silos, 291 

filling, 289; danger from carbon dioxide or 
nitrogen dioxide, 291 
proper size, 292 
requisites of a good, 288 
types, 288 
Singletary peas, 329 
Sires, nutritive requirements of, 187 
Sires; see Bulls; Rams; etc. 

Skimmilk, 510 

for dairy calves, 671; pigs, 511-514; poultry, 
514 

money value for swine, 514 
pasteurizing to avoid disease, 511 


quality of protein, 78 
Skimmilk, condensed, 518 
Skimmilk, dried, 516-517 

Slipped tendon, or perosis, in chicks, 111, 139, 140, 
940 

Slop feeding of swine, 878 
Smut on com and other grain, 401 
Soaking or wetting feed, for dairy cows, 612; 
horses, 827; pigs, 878 

Sodium requirements of livestock, 89; see Salt, 
common 

Soft pork; see Pork, soft 
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Soil, effect on breeds of livestock, 183 
Soilage; see Soiling crops 

Soiling crops, 248-25U Alfalfa- 

(F or various soiling crops, see Com, Altana, 

versus^ silage or pasture, 249 
Solvent method of oil production, 46b 
Sorgho; see Sorghums, sweet 
Sorghum fodder or hay, 351-352 
Sorehum forage, 349-356 

composition and nutritive value, 350 
Sorghum hay; see Sorghum fodder 
Sorghum pasture, 355 

Sa £ a SJ$g’3» 

Sorghum stover silage, oo* 

Sorghums, 349-356, 453-457 

for grain, 453-457 

importance, 349 
perennial hybrid, 356 

Sorgiums, grain, 349, 453-457 

SorlS,°!w P eS: e 349!356, 400 
seed, 457 

Sows! 897-913 917-919 

barrows Compared with, for pork production, 
882 

breeding season, 904 

breeding studies, 905 . Q11 

care before and after farrowing, 906-911 
concentrates, amounts for, 905 
example rations. Appendix Table VII « 

exercise for, 881, 904 _ i 

. od9U912 t 

feeding during suckling period, 911-912 
gestation period, 905 
gilts vs. older sows, 905 
grain alone ^satisfactory for, 899 
grains and grain substitutes for, 899 
legume hay for, 899-901 
methods of feeding, 903, 912 
milk, yield and composition, 910 
milk replacers for young pigs, 916 
mineral requirements, 855-860 
number of litters ay ea Jk Q 918 
nutrients required by, 898 
pasture for, 894-896 
pig hatcheries, 916 
protein supplements for, 901-902 
rations for, 898-903, Appendix Table VII 
roots or tubers for, 902 
salt for, 855 fM',. 

shelter for, 904 
silage for, 902 
spayed vs. unspayed, 882 
summer feed and care, 904 
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summer feed and care, 904 
weaning pigs early, 915 
weaning time, 914 
wintering, 898-904 
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Soybean hay, 319-321 
Soybean mill feed, 468 
Soybean oil meal, 467-473 
dehulled solvent, 467 
for the various classes of stock, 468-478 
methods of producing, 466 
Soybean pasture, 322 
Soybean seed, 465-473 ... 

iot the various classes of stock, 468-473 
value increased by cooking, 78, 465 
Soybean silage, 321 
Soybe an straw, 331 
Soybeans, 318-322, 465-473 
as a soiling crop, 322 
for forage, 318-322 
Spelt, 459 

Spoiled or '"moldy feed, 401 , 

Spread cm margin in fattening cattle, 713 
Sprouted oats, ol, 432 


Sprouting grain for stock, 61, 432 
i P q S’es S9 97 $ 

St. Augustine grass, 378 \ 

Stables; see Shelter 

Stallions, feed and care of, 838 . 

Standard rations; see Feeding .ndards 
Starch, 5 r nA 
digestion of, 20, 24 
manufacture, from com, 423 
Starch values, Kellner s, 53 
Starfish meal, 528 , . „ 

Starvation, sources of nutrients during, 159 
Steaming feed, 61 r 

Steers; see Beef cattle 

itUbestrol, 33; for fattening cattle, 708; fatten- 
ing lambs, 781; pigs, 872 
Stock tonics, 550 
Stomach, 21 _ t , OQ 

digestion in simple stomach, 2b 
digestion in stomach of ruminants, 25-26 
Stomach worms iff sheep, 805 
Stover; see Com stover; Sorghum stover 
Straw, 379-381 
Straw for bedding, 569 
Straw, legume, 330 „ 

Straw pulp, 381 
Strepogenin, 73 

l“Lfnf?e S eJ, 42 165; see Silage; Roots 

Sucrose, 4 

Sudan grass, 372-374 
Sudan grass hay, 374 
Sudan grass meal, 374 
Sudan grass pasture, 372 
Sudan grass silage, 374 

Sugar as a feed, 536; in mixtures for creep-feeding 
6 pigs, 914 w 

Sugar beet pulp; see Beet pulp 
Sugar beet tops, 392 
Sugar beets, 392; see Roots 
Sugar cane, 378; Japan ese , 378 
Sugar cane bagasse, 379 
Sugars, classes of, 4 
S.umt in wool, 199 

Suitability of feeds, importance, 37, 210 
Sulfur in feeds. Appendix Table IV; m livestock 
feeding, 110 
Sunflower seed, 503 

Sunflower-seed oil meal, 503 
Sunflowers for forage, 397 

Sunlight, importance for livestock, 166; for dairy 
calves, 661, 670; swine, 862; poultry, 944, 
976 

Sunlight, relation to vitamin D, 129 
. Surfactant supplements, 549; for beef cattle, 708; 
dairy calves, 663; lambs, 781; pigs, 872; 
poultry, 954 


dairy calves, 663; lambs, 781; pigs, 872; 
poultry, 954 

Sway-back in lambs, 107 
Swedes; see Rutabagas 
^Swedish clover; see Clover, alsike 
*$5weet clover; see Clover, sweet 
Sweet clover disease, 317 
Sweet com; see Com, sweet 
Sweet potato meal, or dried sweet potatoes, 556 
Sweet potato vines, 392 
Sweet potatoes, 391 
Swine, 842-927 

(For value of various feeds for swme, see the 
various feeds; i.e.. Com; Clover hay; etc. ) . 
age, influence of, on rate and efficiency of gains, 
842-843 

age to breed gilts, 918 

amino acid deficiencies, correcting, 850 

amino acid requirements, 849 

anemia of suckling pigs, 858 

antibiotic feed supplements, 870-872 

artificial light for, 917 

arsonic supplements, 872 

bacon, production of high-quality, 886 

barrows vs. sows, for pork production, 882 

best time to market, 873 

birth weights, 905 

boar, feed and care, 905 

bodies of, composition, 16-17 
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Swine, continued 

breeding stock, raising, 917 
caloium requirements, 856-858 
concentrates - for brood sows, 899, 901-902 
cooking fee$i for, 878 
copper requ,f aments, 859 
cost of pork production, 922-925 
digestibility of feeds by, 844 
disease prevention, 920 
dressing percentage, 883 
dry-lot, deficiencies in dry-lot feeding, 846 
drv-lot vs. pasture, 846, 894, 896 
efficiency as meat producers, 225-227, 842-843 
.“evening up” litters, 910 
example rations. Appendix Table VII 
exercise for, 881, 904 
fall vs. spring pigs, 919 
fat addition to rations, 854 
fat requirement, 853 
fattening, 916 

feed for 100 lbs. gain, 942-943 
feeding com exclusively, 180,^420 
feeding and care, 894-927 
feeding level, effect on carcass, 181, 874 
feeding on pasture, 852-853, 869, 894-897 
feeding standards, 844 
fiber in s&ine rations, 854 
following steers, 760 

free-choice method of self-feeding pigs, 851 

full-feeding vs. limited feeding of pigs, 873-876 

gains at various weights, 842-843 

general problems in swine husbandry, 842-893 

goiter, or hairlessness, in new-born pigs, 858 

grain, amount to feed to pigs in dry lot, 873-875 

grain, amount to feed to pigs on pasture, 875 

grinding grain for, 877 

hairless pigs, prevention, 104, 858 

hog cholera vaccination, 921 

hogging down com, 421 

hogging down ripe grain, 371 

importance of efficient rations, 843, 866-869, 897 

imgorta^e of pasture legume hay, 845-847, 

improvement, 883 
iodine requirements, 858 
iron requirements, 859 

legume hay for, 845, 866-869, 899-901 ' \ 

legume hay is vitamin insurance, 845, 866, 899 
lice, 921 

limited vs. full-feeding pigs, 873-876 
mange, 921 
milk only for, 165 
mineral requirements, 855-860 
mineral supplements, 857, 860 
minerals, trace, 859 
needle teeth in young pigs, 909 
niacin requirements, 864 
number in litter, 897, 906, 924 
nutrient requirements, 843-873 
nutritive deficiencies produced by continuous 
dry-lot feeding, 846 v 

orphan pigs, 910 
pantothenic acid requirements, 864 
parasite prevention, 920 
pastures for, 894-897 

pasture, importance of good, 845, 894-897 

pasture vs. dry-lot for pigs, 896 

pelleted feed for, 878 

phosphorus requirements, 857-858 

pig hatcheries, 916 

platforms for feeding, 879 

pork from; see Pork 

preparation of feed for, 877-879 

prices of hogs during the year, 873 

production records, 883 

production registry, 883 

protein of good quality essential, 847 

protein percentages needed in rations, 848 

protein requirements, 847-853 

protein supplemental mixtures, 847, 867-870 

protein supplements, 847-853, 901-902 

protein supplements on pasture, 852-853 

protein supplements, self-feeding, free-choice, 

. 851 . 

raising breeding swine, 917 
raising the pigs, 911-920 


Swine, continued 

rations for, Appendix Table VII 
rations, importance of efficient, 843, 866-869, 
897 

riboflavin requirements, 863 

rickets, 96, 861 

roots for, 902 

round worm control, 920 

salt required by, 855 

sanitation and disease prevention, 920 

selecting sows and boar, 897 

self-feeding pigs, 851, 876-877 

self-feeding brood sows, 903, 912 

shade, important in hot weather, 879 

shelter for, 880, 904 

shipment to market, 921 

shrinkage, 921 

silage for, 902 

slop feeding, 878 

soaking feed for, 878 

soft pork, 884-886; methods of preventing, 885 
sows; see Sows 
stilbestrol, 872 

strength of bones affected by mineral deficien- 
cies, 97, 180 
stubble fields, gleaning, 371 
succulent feeds for, 902 
suckling pigs, 912-914 
summer vs. winter feeding, 880 
surfactant supplements, 872 
temperature of air, effect, 879 
thyroprotein, 872 
thiouracil or thiourea, 872 
total digestible nutrient requirements, 854 
trace minerals, 859 
trio supplemental mixtures, 867-868 
two litters vs. one litter a year, 918 
types, 882 

vitamin requirements, 860-869 

vftamin A and carotene requirements, 860 

vitamin B-complex requirements, 863 

vitamin B i2 requirements, 864 

vitamin D requirements, 861 

vitamin supplements, 862, 865 

vitamins, unidentified, 865 

wallows, importance in hot weather, 153, 879 

water required by, 872 

weaning pigs, 914-916 

weight at which to market, 843 

worms, preventing and eradicating, 920 

see Sows; Pigs 

Systems of feeding, adapting to local conditions, 
221—223 

Table scrap meal, 554 
Tankage, 519-523 

for various classes of stock, 521-523 
quality of protein in, 74, 78 
variations in value, 520 
Tankage, digester, 519 
Tankage, dry-rendered, 519 
Tankage, rendering plant, 521 
Tapazole, 708 
Teartness, 107 

Temperature, body, of farm animals, 149-155 
critical, 151 
regulation of, 150-154 
Teosmte, 379 
Therm, 45 
Thiamine, 135 

in feeds, 136, Appendix Table V 
requirements of farm animals; see the various 
classes of stock 


animals; see the various 


see Vitamin-B complex 

Thiouracil or thiourea, effects on pigs, 872; 

poultry, 954 
Thistle, Russian, 399 
Threonine, 72, Appendix Table X 
Thyroid gland, and thyroxine, 32, 103-105 
Thyroprotein, 32; for dairy cows, 610; fattening 
cattle, 709; pigs, 872; poultry, 955 
Timothy, 363-365 

T imothy-and-clo ver bay; see Mixed hay 
Timothy hay, 364-365 
Tomato pomace, 557 
Tonics, 550 
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Total digestible nutrients, 40 , , . 

required for fattening, 177; growth, 169; main- 
tenance, 156; milk production, 193; repro- 
duction, 185; work, 197 
required by various classes of stock, see Beer 
cattle; Swine; etc. 

Tranquilizers, 708, 781 
Tree leaves and twigs. 398 
Trefoil, birdsfoot, and big, 325 
Trefoil, yellow, 330 
Tryptophan, 72, Appendix Table X 
deficiency in com and milo, 77 
Tubers; see Roots and tubers 
Turkeys, 985-991 

antibiotic feed supplements for, 989 
arsonic supplements for, 990 
essentials in turkey production, 990 
feeding breeding turkeys, 991 
feeding growing turkeys, 990 
mineral requirements, 989 
nutrient requirements, 986 
protein and amino acid requirements, 987 
stilbestrol for, 990 
vitamin requirements, 989 
Turnips, 393 

Twigs and leaves of trees, 398 
Unidentified vitamins or factors, 142 
required by pigs, 865 
required by poultry, 948 
UreaT 33 

as a protein substitute, 81-83; see the various 
classes of livestock 
loss of energy in, 44, 47 
Urea-treated silage, 82 * 

Urinary calculi, 164 
Urine, 33 • 

energy lost in, 43-44, 47 / ' _ 

fertilizing constituents voided in, 568 
waste of nitrogen in, 33 k 

Valine, 72, Appendix Table X % 

Values of feeds, measuring, 37-56 % 

Variety of feeds for dairy cows, 628 

Veal production, 762 

Vegetable ivory meal, 500 

Vegetable wastes, 398 

Velvet bean feed, 496 

Velvet bean forage, 330 

Velvet bean seed, 496 

Ventilation, importance of, in stables, 162 

Vetch forage, 330 

Vetch seed, 497 

Villi of small intestine, 23 

Vinegar grains, dried, 544 

Vitamin A, 121-128 

content of feeds, 125-128, Appendix Table V 
effect of feed and breed on content in milk, 127, 
195 

effects of deficiency, 122 
functions, 122 
measurement of value, 124 
readily destroyed in feeds, 124 
relation of carotene to, 123 

requirements for various classes of stock; see 
Cows, dairy; Swine; etc. 
supplements, 128 
see Carotene 

Vitamin B i, see Thiamine 
Vitamin Bio, 141 

requirements; see the various classes of stock 
Vitamin B-eomplex, 134-142 

requirements of farrh animals; see the various 
classes of stock 
synthesized in rumen, 134 
see Thiamine; Riboflavin; Niacin; Pantothenic 
acid; Pyridoxine; Choline; Biotin; Folic Acid; 
Vitamin B12 

Vitamin C; see Ascorbic acid 
Vitamin D, 128-134 

effects of deficiency, 96, 129 
forms, 130, 

in feeds, 131; Appendix Table Vc 
in milk, -sahd vitamin D milk, 133 
relation -to light, 129 

requirements for various classes of stock; see 
Cows, dairy; Swine; etc. 
rickets caused by deficiency, 96 


Vitamin D, continued 
sources of, 131-133 
stability, 131 

Vitamin t>2» 130 f 

Vitamin D3, 130 U 

Vitamin E, 143 

in feeds, 143; Appendix Table Vd 
Vitamin G; see Riboflavin 
Vitamin K, 145 

Vitamins, 119-148 , 

content in various feeds, 120, Appendix Tables 
V, Va, Vb, Vc, Vd , tw/x 


v , v a, v d, v c, v u 

requirements for fattening, 179; growth, 170; 
maintenance, 161; milk production, 194; 
reproduction, 185; work, 198 
requirements for various classes of stock; see 
Cows, dairy; Swine; etc. 
unidentified; see Unidentified vitamins or factors 
see the various vitamins 

Waste of body, disposal of, 33 
Water, 2 * ♦ 

evaporation, carries heat from body, 150 

for farm animals, 162-164 . _ 

for various classes of stock, see Horses; Swine; 

etc. ' ' 

formed from oxidation of nutrients, <? o3 
frequency of drinking, 163 
functions in plants and animals, 2 
in feeds, how determined, 12 
saline and alkaline, 164 
warming; see the various classes of stock 
Water treatment of grains, 954 
Waxes, 8 
Weed seeds, 501 

Wet beet pulp; see Beet pulp, wet 

Wet brewers’ grains; see Brewers’ grains, wet 

Wetting feed; see Soaking feed 

Wethers; see Sheep and Lambs 

Whale meal, 528 

Whale solubles, 528 

Wheat, 437-440 

by-products, 440-445 
composition and value, 437 
for the various classes of stock, 438-440 
quality of protein in, 77 
Wheat bran, 441-442, 443-445 

for the various classes of stock, 443-445 
quality of protein in, 77 
standard bran, 442 
Wheat bran and screenings, 442 
Wheat brown shorts, 442; see Wheat middlings, 
standard 

Wheat feed flour, 443 

Wheat flour middlings, 443 

Wheat germ meal, wheat germ oil meal, 443 

Wheat gray shorts, 443 

Wheat hay, 371 

Wheat middlings, standard, 442 

for the various classes of stock, 443-445 
quality of protein in, 77 
Wheat mixed feed, 443 
Wheat red dog, 442 
Wheat screenings, 501 
Wheat straw, 380; see Straw 
Wheat white shorts, 442 
Wheatgrasses, 379 
Whey, 515-516 

quality of protein in, 78 
Whey, condensed, 518 
Whey, dried, 517 
Whey product, dried, 518 
Whey solubles, dried, 518 
Whole milk; see Milk, cow’s 
Wild grass; see Marsh hay; Prairie hay 
Winter lambs, 804 

Wintering stock; see Steers; Sows; etc. 

W olff-Lehmahn feeding standards, 211 
Wood ashes as calcium supplement, 99 
Wool, 199-200 

composition of, 199 
effect of various factors on, 199 
nutrient requirements for production, 199 
shearing sheep, 785 
Work, 196-199 

efficiency of the animal as a machine, 198 
factors influencing efficiency, 198 
measurement of, 821 
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Work, continued 

nutrient requirements lor, 197, 824-827 
performed by horses, 821-822 
production of* 196 

relative value of hay and grain for work pro- 
duction, 825 

source of energy for, 196 
see Energy; Horses 
Work horse; see Horses 
Worms in sheep, 805; swine, 920-921 

Xanthophyll, 8 


Yeast, brewers’ dried, 543 

as a vitamin supplement, 135 
quality of protein in, 79 
Yeast dried grains, 544 
Yeast irradiated, 133 
Yeast, torula, or wood, dried, 544 
Yolk in wool, 199 
Yucca, 398 

Zebu cattle, heat tolerance of, 154 
Zinc, required by animals, 112 

prevents parakeratosis in swine, 112 





